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D> 2 simple Graphic Card & a Simple Sound Card
I 0Objective

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.
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. Design a simple sound card using analog circuits.

. Design a protocol for communications between graphics card

and sound card.

. PCB board design.
1. Design a graphic card capable to print 200 * 600 pixel

picture using FPGA.

. Design a protocol for communications between graphics

card and sound card.

. Decompose WAV & PNG files.
. Manipulate data for graphic card and sound card.

. Arduino programming
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Choose the project topic
Obtaining resources
Buy materials & ver fy whether components work
Graphic Card: FPGA
Sound Card: PCB

Data Files: WAV, png
Arduino coding

Fir=t revise

Merge projects

Final revise

Demo
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N  simple Graphio Card & @ Simple Sound Card
8 Demonstration Order




| Simple Graphic Card



N 2 Simple Graphic Card & a Simple Sound Card
|VGA Timing

Screen refresh rate 60 Hz

Vertical refresh 37.878787878788 kHz

Pixel frequency 10.0 MHz
Scanline part Pixels Time [us] Frame part Lines Time [ms]
Visible area 200 20 Visible area 600 15.84
Front porch 10 1 Front porch 1 0.0264
Sync pulse 32 3.2 Sync pulse 4 0.1056
Back porch 22 2.2 Back porch 23 0.6072
Whole line 264 26.4 Whole frame 628 16.5792

VGA Signal 800 x 600 @ 60Hz timing

*Actually 800 x 600, because of memory shortage we only use 200 pixels 8



N 2 Simple Graphic Card & a Simple Sound Card
|VGA Timing (Cont.)

Visible area Front porch Back porch
Sync pulse
0 !us 20 Qs 21' us 24.2 us 262 us
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

Horizontal Timing 9



|VGA Timing (Cont.)

Visible area

Front porch Back porch

Sync pulse

H 1
\ '
| '
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0 ms

15.84 ms 15.8664 ms 15.972 ms 16.5792 ms

Vertical timing (Frame)

Frame part Lines
Visible area 600
Front porch 1
Sync pulse 4
Back porch 23

Whole frame 628

Vertical Timing

Time [ms]
15.84
0.0264
0.1056
0.6072
16.5792



|VGA Timing (Cont.)

Vertical Timing

Visible area

Front
porch

Sync

Back

porch pulse

Horizontal Timing

Front Sync Back
Visible area porch pulse porch
Visible Time
Blanking Time

VGA Timing Diagram

11



N Simple Graphic Card- & 2 Simple Sound Card
|VGA Timing Simulation (Horizontal Timing)

ii
e

Horizontal timing overall simulation result

N
I 5
o 1

Horizontal timing simulation starting point(Count from 0)

4 [TB_COUNTER/U C...

4 MR CONINTER AL ©
B“. /TB COUNTERM C...
4. [TB_COUNTER/U_C...

£ [TB_COUNTERJU_C... |5t1
4 MR COLNTERAL € Stl

| .. /r8_counTERU C.... |40 [284/745 (746 1247 1246 1249 1250 1251 1250 )253 J25R 1255 1256 1257 1258 1259 126D 251 j25@ 1255 0 | IR 12 13 @] 5 B 17 I8 8 0 i1 ji2 ji3 4 115 Jie
+ Cou g |1

Horizontal timing simulation ending point(Count to 263) 12



N Simple Graphic Card- & 2 Simple Sound Card
|VGA Timing Simulation (Vertical Timing)

£ [TB_COUNTER U_COUNT/RESET
£ [TB_COUNTER/U_COUNT/CLK
. [TB_COUNTER/U_COUNTfOUT

4. [TB_COUNTER/U_COUNT/HSYNC
B /TB COUNTER/MU COUNT/vsync count
4 [TB_COUNTER/U_COUNT/VSYNC

Vertical timing overall simulation result

£ [TB_COUNTER/J_COUNT/RESET
£ [TB_COUNTER/U_COUNT/CLE
L TR COUNTFR AT COLINTIOUT

| % /TB COUNTER/U COUNT/HSYNC

B4 [TB_COUNTER/U_COUNT/vsync_count :):):ﬁ:ﬁ:):):E:):):):):ﬁ:ﬁ:):):ﬁiﬁ:ﬁ:ﬁ:ﬁ::ﬁ:ﬁ:::ﬁiﬁ
4. [TB_COUNTER/U_COUNT/NSYNC

Vertical timing simulation result starting point (Count from 0)

£ [TB_COUNTER/J_COUNT/RESET
£ [TB_COUNTER/U_COUNT/CLK
B—*. (TB_COUNTER /U_COUNT fOUT

£ JTB_COUNTERU_COUNT/RESET
£ [TB_COUNTER/U_COUNT/CLK
F-“. TB COUNTER/A COUNT/OUT
|« JTE_COUNTER/U_COUNTHSYNC [ |

. TR COlINTFR AL onl IMT heevne cnont 1129 EI
4. {TB COUNTERAJ COUNT/VSYNGC |1

13
Vertical timing simulation ending point (Count to 627)



|VGA Timing Simulation (Data : Color Blue)

4 [TB_COUNTER/U_COUNT/RESET
£ [TB_COUNTER/U_COUNT/CLK
B+, {TB COUNTERM COUNT/OUT
4. [TB_COUNTERU_COUNT/HSYNC
JTB_COUNTER,/U_COUNT fysync_count
[TB_COUNTERJ_COUNTVSYNC
JTB_COUNTERU_COUNT fhdata_count
[TB_COUNTER,/U_COUNT blue

J 1B _LOUN T ERJU_CDUN | jgreen

£ JTB_COUNTER/U_COUNT/CLK
,~. /TB COUNTER/U COUNT/OUT
JTB_COUNTER,/U_COUNT/HSYNC
JTE_COUNTER/U_COUNT fvsync_count
JTB_COUNTER/U_COUNTVSYNC
TB COUNTER/U COUNT/hdata count
4 [TB_COUNTER/U_COUNT/blue
JTE_COUNTER,/U_COUNT fareen
JTB_COUNTER,/U_COUNT fred

[TB_COUNTERJ_COUNT/RESET
JTB_COUNTER U_COUNTfCLK

MO AAIRTER AL S IR R T

TR COLINTFR AL CO INT MHSYRE
{TB_COUNTER,/U_COUNT fvsync_count
JTB_COUNTERJ_COUNT VSYNC
MR COLINTFR AL COLINT hdata connt
{TB_COUNTER/U_COUNT blue
[TB_COUNTERU_COUNTfgreen

4. [TB_COUNTER/U_COUNT/red

Horizontal timing simulation changing point 1



|VGA Timing Simulation (Data : Color Blue)

£ [TB_COUNTER/U_COUNT/RESET
£ [TB_COUNTERU_COUNT/CLK
AL TR COUNTFRALD COLNTAOLT

JTB_COUNTERAJ_COUNTHSYNC
fTB COUNTERAJ COUMTfvsvnc count 1129
JTB_COUNTER/J_COUNT/NSYNC 1
JTE_COUNTER/U_COUNT hdata_count 142
JTB_COUNTERfU_COUNT fblue
JTB_COUNTER,/U_COUNMT fgreen

4 [TB_COUNTER/U_COUNT/red

£ [TB_COUNTER/U_COUNT/RESET
£ [TB_COUNTER/U_COUNT/CLK
-+, /TB_COUNTER/U_COUNT/OUT
4 fTB_COUNTERU_COUNT/HSYNC
JTB_COUNTER/U_COUNT fvsync_count
JTB_COUNTER/U_COUNTNSYNC
JTB_COUNTER,/U_COUNT/hdata_count
JTB_COUNTER/U_COUNT /blue
= J1B_LUUNIERU_CUUNI fgreen

4 [TB_COUNTER/U_COUNT fred

£ JTB_COUNTERU_COUNT/RESET

£ [TB_COUNTER/U_COUNT/CLK
E-“.. TB_COUNTER/U_COUNT fOUT

4 [TB_COUNTER/U_COUNT/HSYNC

B [TB_COUNTER/U_COUNT fvsync_count
4. [TB_COUNTER/U_COUNT/VSYNC
J1B_LUUN | ERJU_COUN | fhdata_count
JTB_COUNTER/U_COUNT blue
J1B_CUUNTER/U_CUOUN | jgreen
4. [TB_COUNTER/U_COUNT fred

Vertical timing simulation ending point 1



B  Simple Graphic Card &  Simple Sound Card
|FPGA Board : DE1-Soc Spec

FPGA Device Memory Device
*Cyclone V SoC 5CSEMAS5F31C6 Device *64MB (32Mx16) SDRAM on FPGA
| ,; *Dual-core ARM Cortex-A9 (HPS) *1GB (2x256Mx16) DDR3 SDRAM on HPS
bl 85K Programmable Logic Elements Micro SD Card Socket on HPS
+4,450 Kbits embedded memory e
*6 Fractional PLLs Communication : :
«Two Port USB 2.0 Host (ULPI interface with

2 Hard Memory Controllers USB type A connector)

Configuration and Debug *USB to UART (micro USB type B connector)

-Serial Configuration device — EPCS128 on FPGA +10/100/1000 Ethernet

«On-Board USB Blaster Il (Normal type B USB connector) *PS/2 mouse/keyboard
*|R Emitter/Receiver

Power
+12V DC input

Cycione¥f. |
SoC

» DE.{;SUC‘ :
[fasic] <= S S Sensors
: , *G-Sensor on HPS

DE1-SoC Board Front DE1-SoC specifications

16



N 2 Simple Graphic Card & a Simple Sound Card
|RAM Simulation (SRAM & DPRAM)

4 [TB_RAM/[CLK
+ @ /TB_RAMDATAIN |6 52 153 Y34 Y35 V36 Y57 )38 Y30 Va0 Ja1 YA VA YAk Va5 136 Va7 Jas 13 150 Yo1 152 Yo 154 155 o6 157 )ed 159 )60 61 62 63 1o 11 12
+ O /TB_RAMJADDR 33 133 Y34 155 136 )57 Y38 139 V40 YA1 Yoy 143 )k 145 Ja a7 Jab a5 150 )51 153 153 Y54 155 1o6 157 )8 153 Job Joi 162 163 )6k 165 1o

SRAM Timing simulation result

I

4 [TB_TOP/ju_topfu_syncfu_dpram/CLE _

| 24 [TB_TOPju_topju_syncfu_dpram ADDR.1 [ ]

= ;, JTB_TOPju_topfu_syncfu_dpram/DATA_IN ﬁ [ ) — 1 1 1 1 [ ]
£ [TB_TOPfu_topfu_sync/u_dpram/WE

B-£ [TE_TOPju_topfu_syncfu_dpram ADDR2

B~ [TE_TOP/ju_topfu_sync/u_dpram/DATA_OUT [

DPRAM Timing simulation result

*There is no output at the moment 17



| SPI Simulation (SPI Communication Protocol)
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SPI Communication Protocol Timing

*Currently no data at first in the slave module 18



Using Model Simulator to configurate timing (Integrating
every element)

fTB_TOPfu_top/CLK
{TB_TOP fu_top/RESET
{TB_TOP fu_top/KEY
a [TB_TOP/u_top/blue
4. [TB_TOP/u_top areen
“s (TB_TOP/u_topjred
4 [TB_TOP/u_top/SCK
£ [TB_TOPju_top/MOSI
#. [TB_TOP/u_top/MISO
£ [TB_TOP/u_top/SS
H—l !'I'B_TDP,-‘u_top!SPI_ADDR EIEEELEERIEREIREEIEREIEEEIREEIEEIEERIEEEIEEEIEERIREEIEEELEERIEREIEEEIEEEIEREIREEIEEEIEEIEREIREEIEERIEERIEECIEERIEREIEEELEEELEEIEEEIEEEIEREIREIEEEIEERIEREIREEIEEEIEERIEEEIEERIEREIEEELEEEIEREIEEEIEEEIERIEREIEEEIEEEIEREIREEIEEEIEERIEEEIEERIERRIEEEIEEEIEEEIEEIEEEIEEEIEREIEEFIEEEIEREIREELSEEIEERIREEIEERIERRIREEIEED
H—’ m_TDPﬂJ_topfSPI_DATA_IN EIREEIEERIEREIREEIEREIEERIEEEIEEEIERRIEEIEEEIEERIREEIEEEIEERIEREIREEIEEEIEREIREEIEEEIEERBREIEEIEERIRERIEE=EERIEREIEEEIREEL=REIREEIEEEIEREIREEIEEEIEEIEREIREEIEEEIEERIEEEIEERIERRIEEEIEEEIEREIREEIEEEIEREIREIREEIEEEIEREIREEIEEEIEERIEEEIRERIERRIEREIEEE(ERETREEIEEIEEEIRREIREEIEERIEREIREEI:EEIEERIEREIRERIEERIRRIEED
4. [TB_TOPfu_top/SPT_RW_E
B [TB_TOPfu_top/SPI_DATA_OUT
“s (TB_TOP/u_top/u_spi/MISO
n—’ JTB_TOPfu_top/u_spi/SFTRI I—l—l—l—l—l—ll—ll—H—H—Il—H—H—Il—l—l—l—l—l—l—ll—H—H—Il—}l—H—Il—}!—H—I—l—l—l—l—H—H—Il—}l—H—Il—}l—H—I—l—l—l—l—l—H—Il—}l—H—Il—}l—H—H—l—l—l—l—l—l—ll—}l—H—IHH—H—H—H—l—l—l—l—l—l—l—H—H—H—l
£ [TB_TOP/u_top/u_spifSCK
—_— 4, [TB_TOPfu_top/hsync
tate “.. [TB_TOPju_topfvsync

TOPju_top/blue

SPI_ADDR 00111... Internal
SPI_DATA_IM 10001... Internal
SPI_RW_E St1 Net  Internal
SPI_DATA_OUT 001000 Met  Internal

[1020000000000 ps

{ LhitbibbbbbibbLLL

Integrated Total Timing




N 2 Simle Graphic Card & 2 Simple Sound Card
330 | Making a simple DAC

E‘%—ch—[ \_, [ Vecs
3.3V 1 24 v
5 A1 [ 2 23 Nnr
[alL L 3 22 ]_G'E_
A2, 21 B
FPGA A3—]s 2082
Board A4—] 6 19 g3
3.3V AS—] 7 18 |—p27
A6—1] 8 17 1
H_sync A7 O3 16 1 BS |
R 10 15 B6 & < S —
V_Sync A8 [11 14] B7 E gl |[x ®
GND GND [ i g ° el Le O _ O+—X
T ol e 12 13 i B8 0.7 0.7v 0.7V '_5@@_
- GND 2T X
3
% @@@
@~ @
- . He" o
GND _—

VGA Female Connector
20



N Simple Graphic Card- & 2 Simple Sound Card
| Making a simple DAC (Cont.)

Simple DAC All Wires Connected

21



N 2 Simple Graphic Card & a Simple Sound Card
|FPGA Pin Configuration

JP1 (GPIO_0)  JP2 (GPIO_1)

HHH
FHH

FPGA Pin Configuration 5



|FPGA Pin Configuration (Cont.)

O O
|O BZ (V S) o ; i 5 |O B3 R_L |O_B14 AF16
IO B4 (R L) ol 6 b IO B5 R_H 10_B12 AG16
10_B6 (G_H) ol 7 s b 10 B/ G_L 0_B10 AH18
FPGA 10 B8 (R H) ol g 10b IO B9 cH O B8 17
DATA VCC5 ¢ Sb GND - -
SIGNAL !O_B10 (B H) ol 13 14 b 1O B11 B_L I0_B6 AK19
IO B12 (B L) ol 1t e b |0 B13 X 5V —11 X
I0_B14 (G_L) ol 17 18 b 10_B15 B_H 10_B4 AK16
|0 B16 |0 B17
= = HS IO BO AC18
10 B18 ° ;? gg o 10 B19 -
10 B22 4 10 B23 X GND X
= ol 25 26 P
10_B24 10_B25 [ | Signal | 1/O Pin Numb Verilog Cod
10 B26 —OO g? gg O [O: P SS |0_B28 AH22
0828 (MOS) I, 1 b |0_B29 -
FPGA [0 B30 (MISO) ol 3: 3% b 1O _B31 MOsI 10_B30 AF24
|0_B32 (SCK) ol 37 38 b IO B33 MISO |0_B32 AE22
10_B34 (55) al 39 20 b 10_B35 SCK 0_B34 AA20

FPGA Pin Setup

FPGA Pin Schematics 23



|FPGA Pin Configuration (Cont.)

¢ Pin Planner - D/PJT/SPI/GPU/GPU - GPU
Fie Edt View Processing Tools Window

Pin Assignment

@ [Feror ] ] Pin Legend
Report not avalable Top View - Wire Bond Symbal | PinType
<] Cyclone V - 5CSEMASF31C6 0] User 10
‘ . User assigned 10
f— f— == — = [ ] Fitter assigned U0
g e e =l Tam [ ©  unbonded pad
® 1 =z 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 5 W 27 28 29 30
v ° ADO00YVO000V000 VN ]+ - SR
A Y olo) OVACROVOOOOVE® OCKNE)» & o
5 N© OODAROOOYVOODO VOO0 ey
: e e
= D] DIFF_p output
i F XVE @EEOAQROOVEORE F @
=z s g X OADEOAIODBAR NOE @ oas
[E]} i & VeOooUALBOE ®E| Q)] Dass
* 4 ONOANX ® EE)|: | == ® Hard processor ..
= . QAVAD OA, SOA curn
- .00 \/ cLce
B " A OV E Wie) (L) OfnerpLL
& u WAV @X ) _ WSELD
. & MSEL1
s Groups  Report . v ©10) & WSEL2
= ' 7 A S e
L= ~ [~ Early Pin Planning Y . © @ DCLK
2 W Early Pin Planning. v W\ 0086\ /¢ ; nCE
5] B Run VO Assignment Analysis w 19006 \/00¢ & WCONFIG
I Export Pin Assignments. N /\ : (0167 : ] 5 TOI
W Fin Finder. . :: X T X ggeg%®'® (s .’é: TCK
~ [ Highight Fins - 0550 %&iﬁ % :J g;
g iis:n;m @e@f%@ 4 ﬁ@@ : nSTATUS
B Edges " VB OOOAL OGN () Other dedicated .
b AOBOOVOBIOVOOO i e
ock P QOBOVOROOVOOLOADD! A VECRVECRIVCET
B oo OVOOBOVOOOOAGODOV! A vooa
EFH PLUDLL input ORAODEOAG® DONE O 8 veeio
FE PLLDLL Output VoOROoACROOVOADE b, VCCPD
> [ Clock Region input S8 7 a s w0 2us e m Vo oW
~v [~ Memory Pins i GND for program....
Bm noMmo i RREF
T|Narneu\ - || Eait [ | Fiter. Pins: ai
Bl hedemema  Niaskinn Dacarmrad  Currant Grannth Slanr Bala Differential Pair  ver Analog Settings GXB/VCCT_GXB \ ceiver VO Pin Termi Jedicated Refclk Pik Common Mode Driv :mitter Slew Rate C zr Differential Outpt
T Input 38 ! 16mA (defaull)
& KEY Input 3A ¥ 16mA (defaull)
% LEDR(g] Output 54 ¥ 1BmA (defaull) 1 (default)
% LEDR(E] Output 54 Y 18mA (defaull) 1 (default)
ﬁ LEDR[T] nutgut 54 ! 18mA (defaull) 1 (default)
% LEDRE] Output 4A ¥ 16mA (defau) 1 (default)
ﬁ LEDRIS] Output A ¥ 16mA (defaul) 1 (default)
%W LEDR(4] Output 4A ¥ 16mA (default) 1 (default)
¢ % LEDRE) Output A ¥ 16mA (defaull) 1 (default)
e S S =l —




| Specification of Data

600_<
Lines

200 Pixels

Example Picture

Example Picture
2° = 64 Colors

Color 6 bit (R, G, B)
Horizontal 200 pixel
Pixel (Active Region)
X X 200 x 600 x 6 bit
Vertical 600 lines = 720 Kbit
Line (Active Region) = 90 Kbyte
X X
Data 6 bit RGB data

17 bit Address
(131,072 Words)
217 x 6 = 786,432 bit

Address size
=>2" x m bit

data

Example Picture Size
25



| Specification of Data (Cont.)

17 bit Address 6 bit Data
\ \
|
0 11010
0 1101
0 11110
0 11111
131,072 __
Words
11...]1T10]0
11| 1T]10]1
1T1..[]1T11]0
[T T T
DPRAM

600__
Lines

200 Pixels
! | |
Pixel O Pixel 1 Pixel 199
A J \
| | |
Address 0 Address 1 Address 99

Address 131,072
A

|

Pixel 119999
A

Monitor Screen

. 26 .
*Active Region



|Specification of Data (Cont.)
Color Code

xx 11 00 00 0x30 Bright
xx 10 00 00 0x20 Red
xx 01 00 00 0x10 Red

Dark
xx 00 00 00 0x00 Red Off
xx 00 11 00 0x0c Green Bright
xx 00 10 00 0x08 Green
xx 00 01 00 0Ox04 Green

Dark
xx 00 00 00 0x00 Green Off
xx 00 00 11 0x03 Blue Bright
xx 00 00 10 0x02 Blue
xx 00 00 01 0x01 Blue

Dark
xx 00 00 00 0x00 Blue Off

*We do not use LMB of the binary number(6 bits of data) 27



S Simple Grahic Card- & @ Simple Sound Card
| Color Test

Color test
*800 x 600 Screen detected 28



N 2 Simple Graphic Card & a Simple Sound Card
| Screen Test With Arduino Uno

digitalWrite (55, LOW);
A = SPl.transter(0x00); /S ADDEE3S High *Default
SPI.transfer{(0x00)» /f ADDEESS Low *Default

=
]

for (j=0; j<200;3++){ // 1 limne x 200
for (i=0; i<200;i++) A = SPIL.transferc{0x00);// 1 lins
1

for (j=0; J<200;3++){ //1 line x 200
for (i=0; i<200pi++) A = SPI.transfer(0x00):r s/ 1 line
}

for (j=0; j<200;3++){ //1 line x 200
for (i=0; i<200;i++) A = SPIL.transfec(0x00); // 1 line
1

digitalWrite (S5, HIGH);

Arduino Code Blank Screen Test

*800 x 600 Screen detected 29



S Simple Grahic Card- & @ Simple Sound Card
| Screen Test With Arduino Uno (Cont.)

digitalWrite (55, LOW):

Jfidelay(l):
A = 5PI.transfer (0x00); // RADDRESS High *Default
A = 5PI.transfer(0x00); // ADDEBESS Low %Default

for (j=0; j<200;3++){ 7/ 1 line x 200
for (i=0; i<200;i++) A = SPIL.transfer{0x30);// 1 line
}

for (j=0; J<200;3++){ //1 line x 200
for (i=0; i<200;i++) A = S5PI.transfer(0x0C); // 1 line
}

for (j=0; j<200;3++){ //1 line x 200
for (i=0; i<200;i++) A = SPIL.transfer{0x03); // 1 line
}

digitalWrite (55, HIGH):

Arduino Code

RGB Screen Test

*800 x 600 Screen detected 30



S Simple Grahic Card- & @ Simple Sound Card
| Screen Test With Arduino Uno (Cont.)

Test Video

*This screen is refreshed 1000 times and stops 31



| Other Features on the FPGA Board

Hl T lalsl8lslR

ey JLJL_JLJLJI_JI_‘ - v
Color Test On Color Test Off(Data |n) Reset Key




[ Simple Craphio Card & 2 Simple Sound Card
|FPGA H/W Block Diagram Option1

EPGA Monitor
MUX SRAM MUX VGA
——|RGB Cable
Power > Address >
Digital - C A | —
Circuit . 52
s An | |

*Directly loading data to SRAM

33



I A  Simple Graphic Card- & 2 Simple Sound Card
|FPGA H/W Block Diagram Option2 (Selected)

EPGA Monitor
MUX  SRAM  MUX VGA '
Power ——RGB_Cable
Address >
Digital : N .
Circuit ' | : “%
e An [ |
) Arduino
SD Card > . *Using Arduino to send data
ro mini (SPI Communication)

34



| Block Diagram of Graphic Card Part

FPGA Board: DE1-Soc Board

ARDUINO

HS
VS

Simple DAC Board

Monitor

3V. 5V

Level
Shifter

Zg\gCHZ oLl z PLL Dual' Port
Graphic RAM
RESET—, Sync ATE) >
USB MODE—p, Block &
3
v 3v Blaster Al16:0] ™ D[5:0]
SCK | | 200x600x
MOSI SPI WRE 6 bit
Level (Slave) -
»  Shifter le MISO D[5:0]
Buffer SS g
POWER
CIRCUIT FPGA
SD CARD
MODULE
SOUND
CARD AMP
MODULE

A4

Buffer

>

Resistor
DAC

vy

vy

VGA
Connector

35




N Simple Graphic Card- & 2 Simple Sound Card
| Debugging

Not a big problem

ARDUINO

ARDUINO

< DIGITALCPLS 5
o (OO L =5
| 2 B0 Q) : { ) :
X (:><:>‘L”qo“‘mw
" X 3
o T e
» e e {

Arduino

*Courtesy of Prof. Hyuk Jun Oh’s Grad. Students 36



| Debugging (Cont.)

8 e ey

il Vpp= 156ml)

f'M 1.00us A Ch1 /-80.0mv-
- @18.60%
slMAAHE g

2.00V 50 omdiv  0.000 V
Zdiv 2 ,

; > __-\//
SPI Clock Detection Problem SPI Clock Detection Resolved using Trigger
*Courtesy of Prof. Hyuk Jun Oh’s Grad. Students




N  simple Graphio Card & @ Simple Sound Card
| Debugging (Cont.)

Miscalculated Timing on H_sync & V_sync Pulses

38



D> 2 simple Graphic Card & a Simple Sound Card
| Debugging (Cont.)

Counts the wrong amount of pixels

39



| Simple Sound Card

40



N 2 Simple Graphic Card & a Simple Sound Card
|PCB Building Process

Design a Circuit Make a Circuit Allocate Parts Separate Layers
| | | |
Decide Parts Fill in PCB Info. Wiring Make a Drill Chart
I I I I
Design a Schematic Debug Rearrange Circuit Make Gerber File
I I I |
Design a Footprint Initialize PCB Debug Order PCB

*Designed on OrCAD 41



S Simple Grahic Card- & @ Simple Sound Card
| Audio Module

Audio DAC Module Analog Process Module (Amp.)

3.3V 5V

From

Arduino Audio PWM | | Low-Pass Power- -
Level DAC Filter Pre-Amp. Attenuator Amp.

Shifter

y

42



| Controller Module

USB to Serial UART
Converter

Controller Module
SCK
SD CARD MOSI To Audio DAC
Module N_LEO >
Push - :
Button Arduino
FPGA FPGA
Connector

43



B  Simple Graphic Card &  Simple Sound Card
| video Card Module

3.3V 5V H> dl
HS :
VS > VS Video
. DAC
FPGA D[5:0]
Outout . Level
P D[>:0] Shifter
RIG|B| HS| VS

VGA
Connector

Video Output Module

44



| Power Source Module

3.3V 5V 11V 12V
Output Output Output Output
3.3V . 5V 11V .
Regulator Regulator Regulator
External
Power 12V Adaptor
Power Module Input 12V

45



USB to

UART

Serial
Converter

| Main Board Diagram

Main Board : DIY

Controller Module

SCK
SD CARD  |MOSI
Module MISO,.
SS2
Push
Button
SCK
PGA  [«MOS
Connector MIS
SS3

Arduino

Audio DAC Module

Analog Processing Module (Amp.)

Video Output Module

33V 5V
SCK Level Sy di PWM
MOSI eve MOsl,| ~ Audio »| Low-Pass ; > -
o] Shifte o : DAC Filter Pre-Amp. [®| Attenuator Power-Amp.
r >
HS 3.3V 5v 11V 12V
HS 3.3V 5V . Output Output Output Output
e VS Video
FPGA M | Level ||pso|  DAC 1 i t
Output |D[5:0] Shlrfte 33V 5V v
RIGB| HY VS Regulator Regulator Regulator
7
VGA External
Connector Power
Power Module Input 12V

12v
Adaptor
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| Controller Part

2R

D2
D3
D4
D5
D6
D7
D8
D9

h
@)
-+
o
= =
— (Vg
=
o — = o+
I~ 3
= @ =
— (w8
M””
O =
0
2
[
18 -
CON6 M
bl ] =t L0 Lo m
-
| >
o
»| 2 9 = o =2
ut g 3| S| B & & <
| 0 X X =
2 2 0 x F x
1 o = (4] 24
D¢ RAW F—X
2 Rx ozcmm||_|
31 RsT RsT F2— =g w%
4 GND vee 2 .H ]
5 20 A3 c6
D2 A3 100n 10u
6105 2 12 A2
T D4 Al 18 Al ﬂc
81 oe a0 12 AD
9 | o6 D13 |18 SCK
0 12 18 MISO
11 14 MOSI
D8 D11
12 13 cs
D9 D10
T 2 2 3
M % M M ArduinoProMini
P~ w uy -t
| < | =€
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| Controller Part

CON25 12 33
Je 1 il P |
I3 1 7 i
o p: VCC E z; 3 ﬁ—w——mﬁ’é
2 Iv3 B 1> 4645 wmiso
_1 C18 I 7 6 @ stk
C17 T~ p— CS 4 5 4383 D9 —
10u 100n MISO 10 1 % ﬁm—gg—
MISO & 17 1 40 D6
1 MOS| 12 7 |11 40 35— 5
= 13 13|12 33— D1
-0 MOSI 6 T 13 ¥ o
SCK 15 15 15 Em—m—
16 16 3B A0
SCK 7 17 1715 ¥[34 AT
cs 18 i 3 A
19 9 |18 33|37 A3
3 20 20|19 237 — AT —
GND 71 27120 31 30— A5
i — s
— SDcardModule 73 51123 28—
0 75 75 %g %E 76
Ja hdcon50L2 =0
SD-Card Module FPGA & Arduino Connector
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N Simple Graphic Card- & 2 Simple Sound Card
|DAC Part (Digital to Analog Converter)

R4 T~
SCK 2 13 SCK(5
OS] 7| Al B1 10k 10u 100n
CS | Al B2 177 CS(5) u3
5 | A3 B3 10 CS(5) 2 1 —
H—— Ad B4 —X ~CS VDD ——=¢ -0
SvOT—— 12{vcee ne | KB 3 1sck REF |2 a6
v VCCA NC
c3ﬁ__ P E MOSI5) 4|0 your LB
100n C35 51 7 150
N TXB0104 LDAC AVSS —| o3
— ~100n 100n
o | e MCP4921 N

Level Shifting Circuit Audio DAC Circuit
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N  Simpl Graphic Gard & 2 Simple Sound Card_
| Amplifier Part

1v
R1 o
- AN 12v
c1 R2 4Tk R3
p— ATk 10R
100n 1y
opappVCC opampVCC
c2 c3
i T _— R14
=5 Lo 10u T 100 100k © usB
5
- UsA 1 > ,
3 -0 R15 6
ci { | R7 * 1 100k o
2.4 .
/1 AN TLO82
10u 10k -
"0 R12
R11 e NS
AN 10u
100k
Pre - Amp Power Amp OPAMP(Not used)
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I ) 2 imple Graphio Card & = Simple Sound Card
| video Card Part

CON9 10 CON17
1 1 20 R21 1k5 1
y; 71A1 BlIqg——R22 V.V B3R | .
3 A2 B2y R23 Y kb 3
: a6 SIS =
A5 B5 AN
G 7 14 R26 .. 630R | 3
7 L A
B g 17
5 AS BB
5vO 13 VCCB X7
J1 PR W3O VCCA 7
-0 —tm 10 1 13
100n | ¢37 OE GND o 14
=0T TXB0108  — SHT
"0 0 ﬁ
=0 1
=0 J9

Shifting Level Circuit & VGA DAC

51



| Power Part

J3 12y
(@]

12v U7 L7805TO220  5v 2 T | c

L 3_T - 100u | 100n
» v‘wm S x youT con2 =,
0
D4001 or 1
* e - Q1 =0
29 = 25 Q1815 12V Input
- 100w 10u % \ A
_ _ 1L R13

—
=

\|

0 ] 0 1
— C30 ~T~ 22
5V-Regulator i o 5y
= | c23 A 5:12 =0
T v D4
51:_5 Us LD1117/SOT W3 _:1DDn !\ LED
"—3i‘ VIN 23 VOUT [>T "0 X
Z9 D3
- i 1 C28 i D4143 R30
c26 J T~ 027 == — 2 220R
10u 10u 100n -0
= = = = 11V-Regulator L

0 Power Check LED
3.3V-Regulator
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| The Whole Schematic
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N Simple Graphic Card- & 2 Simple Sound Card
| Making Drill Charts & Layer Partitions

100
04 m ! ﬂ
Mt EICAE 50 | 8
£Irara ] fd -
g i £3C]
5 G,dE Cacs
L]
L1
Cac 3 3 -
wow B o910 | 190
CICIE g Cw
C = L J
u3 E L
1 £1 caca1® Ly
CI 310D m
T30 Jca.r = L4,
LI/ C 3
- 00g ]_DO
L L 20
L E— R
o N m——
) ﬂ
Silk Screen
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| Making Drill Charts & Layer Partitions

u =

m e

m ® =

Be _ _  _ eeeee
"o @ cecee )
me E E = Heeee

m ®
| N |
)
e o
o0
o0
o0
o0
e o ]
N um g
o0 - = = o=
[ N E E = =n
oo E E = =
o0 .
[ N [ 1|
:: (1 1]
o0 [ 1 |
3s *Fau
:: (1T
o0
)

Top Solder-mask

Bottom Solder-mask
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N Simple Graphic Card- & 2 Simple Sound Card
| Making Drill Charts & Layer Partitions

Simple Graphic Card & Sound Card
eportment of Electronics § Communications Engineering, KWANGWOON University
Mdde by JiWon Kang, Assisted bt JongWon Ko & DangHo Shin

Top Copper Bottom Copper
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N Simple Graphic Card- & 2 Simple Sound Card
| Making Drill Charts & Layer Partitions

DRILL CHART: TOP to BOTTOM

A L.l A ALL UNITS ARE IN MILLIMETERS
: e FIGURE SIZE PLATED QTY
O ,}:{{{ O °‘ ' 0.3302 PLATED 24
0.635 PLATED 7
s 0.8001 PLATED 8
BT 0. 9144 PLATED | 122
B3 . 0.9901 PLATED
see . 1.016 PLATED
s ae o : 2 1.19 PLATED
RS : o 1,397 PLATED 3
TR S 0 15001 PLATED 2
s ao o . o o 3.1801 PLATED 2
. T 0o o O 3.81 PLATED 1
A A A 3.175 NON-PLATED| 4
Drill Info.
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| Making Drill Charts & Layer Partitions

100
— 99 =
3 3
== = 7 DRILL CHART: TOP to BOTTOM
A A1 | ALL UNITS ARE IN MILLIMETERS
FIGURE SIZE PLATED | OTY
0.3302 PLATED 24
0.635 PLATED 7
0.8001 PLATED 8
: 0.9144 PLATED | 122
o : 0.9901 PLATED 4
~ : 1.016 PLATED 34
. 119 PLATED 15
o 1.397 PLATED 3
0 1.5001 PLATED 2
= 3.1801 PLATED 2
- O 3.81 PLATED 1
A Wide by JiNon Kang. Assisted bt Eﬂ"n'n";iil?‘"n':'i"gi'n;"H;"s'r'.'-.'n. mV | i A 3 175 NON-PLATED /
All Layer
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o .
INC Drill File

INTEGER-PLACES 5
DECIMAL-PLACES 3
X-OFFSET 0.000000
Y-OFFSET 0.000000
FEEDRATE 1
COORDINATES ABSOLUTE 0.3302 P TOL  0.000000  0.000000
OUTPUT-UNITS METRIC
0.6350 P TOZ  0.000000  0.000000
TOOL-ORDER INCREASING
0.8001 P TO3  0.000000  0.000000
REPEAT-CODES YES
0.9144 P TO4  0.000000  0.000000
SUPPRESS-LEAD-ZEROES ~ NO
0.9901 P TO5  0.000000  0.000000
SUPPRESS-TRAIL-ZEROES NO
S UPPRESS-EOUAL 0 1.0166 P TO6  0.000000  0.000000
oo ereet Yes 1.1906 P T07  0.000000  0.000000
1.3970 P TOS  0.000000  0.000000
OPTIMIZE DRILLING YES
e ANCED EXCELLON e 1.5001 P TG9  0.000000  0.000000
CEADER 3.1801 P T18@  0.000000  0.000000
| EADER 23“9 3.8100 P T11  0.000000  0.000000
Cone . 3.1756 N T12  0.000000  0.000000
SEPARATE NO
SEPARATE-ROUTING NO
DRILLING LAYER-PAIR
BACKDRILL NO
CAVITY NO
nc_param.txt nc_tools_auto.txt

*Not used directly.



o .
| NC(Numerical Control) Drill File

M48 690
METRIC Tal

T1C. 3302 X-00043942Y00055753
T02C. 635 X-00046863Y00055753
T03C.8001 X-00031750Y00018415
13‘5‘5 : g;g‘l‘ X-00033020Y00017780
T0aC1 016 X-00022225Y00012700
Te7C1.19 X-00029845Y00012700
TO8CL. 397 X-00022225Y00011430
T09C1.5001 X-00024130Y00010795
T10C3.1801 X-00023177Y00010160
T11€3.81 X-00020955Y00009525
T12€3.175 X-00033020Y-00010160
sLEADER: 12 X-00022225Y-00010160
;HEADER: X-00010160Y-00023495

;CODE : ASCII

FILE : TEST-1-2.drl for board #Taaaaab@3104.tmp ... layers TOP and BOTTOM X-00013335Y-00001270
iT01 Holesize 1. = 0.330200 Tolerance = +0.000000/-0.008000 PLATED MM Quantity = 24 %-00012065Y00002540
;T2 Holesize 2. = 0.635000 Tolerance = +0.000000/-0.000000 PLATED MM Quantity = 7 X-00015597Y00002540
;T@3 Holesize 3. = 0.800100 Tolerance = +0.000000/-0.000000 PLATED MM Quantity = 8 X-00010160Y00002540
;TO4 Holesize 4. = 0.914480 Tolerance = +0.000000/-0.000000 PLATED MM Quantity = 122 X-00010160Y00006985
;TS Hnles@ze 5. = 0.990100 Tolerance = +2.000000/-0.000000 PLATED MM Duant@ty =4 ¥-pea10414Yeaa15621
o7 Holesive 7. = 1 190000 Toloranee = +6.0660%/-0.960000 PLATED i Ganclty = 15 X00005715V00001305
;TO8 Holesize 8. = 1.397000 Tolerance = +0.000000/-0.000000 PLATED MM Quantity = 3 igggggggggggﬁﬁg
;TP9 Holesize 9. = 1.580100 Tolerance = +0.000000/-0.000000 PLATED MM Quantity = 2
:T10 Holesize 10. = 3.180100 Tolerance = +0.000000/-0.000000 PLATED MM Quantity = 2 X00015875Y00034925
;T11 Holesize 11. = 3.810000 Tolerance = +0.000000/-0.000000 PLATED MM Quantity = 1 X00011430Y00034925
;T12 Holesize 12. = 3.175000 Tolerance = +0.000000/-0.000000 NON_PLATED MM Quantity = 4 Tz
% A-00015875Y-00021971
Drill Initializer Drill Hole Coordinates

*Both are in the Same File 60



S Simple Grahic Card- & @ Simple Sound Card
| Soldering Parts

i
SCESIrary

€23

T

Soldered PCB Top View
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| Software Development
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| The Format of BMP

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

Bmp format saves color data as BCR, Not RCB

42 4D 36
08 00 FF

FD @2 0000 0000
@@ 00 00/ FF @@ 00
@@ 00/00 FD @2 00 00 00 00
@0 00 00 00 00 0000

00

00 Fr][0@ 00 FF|@e

giin

B8 FF||©8

08 36 88 B0 B8 28 86
00 91 00 18 00 08 00
00 90 00 00 00 0o 00
)@ 60 FF 90 0@ FF
08 FF IE E Jd b

File Offset

Image DATA

R
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| Extract Data from Image File

Extracting Hexadecimal Code by using UltraEditor. And extracting
meaningful data by using offset [36 00 00 00].

’ J
-

d.bmp X

00 00 00 00 00 36 00
) @9 9F @1 00 @9 01 e
e 74 12 08 @8 74 12

y g 77 PABA 7B C3 BS
7JF B2|B@® 6F 9D 61
3C 97 S5F AA A@ 51 AE

. IC il (b & C

BMP format File Hexadecimal File
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N 2 Simple Graphic Card & a Simple Sound Card
| Structure of WAV Format

Wav format file has 44kB bits of header,

52 49 46 46 |C8 EC
to make sure the computer understands T ol 00 e
about the file. 04 00 64 61
28 8 08 00 98 0O
08 e 08 08 600 0800 00 80 06|00 88 88 e
Subchunk2ID Q
Sound DATA
Wav format saves Sound data into two channels. B ERE LR X RIFL
. . 90 00 00 01 00 02 00 44 AC 00 00 10 B1 02 00
They are different Bmp format from which Bmp SEe el p————
files are not sound files in the first place. 00 _00 00](00 00 00 00|00 00 00 00]00 00 00 00

00 00 00/ 00 00 00 00|00 00 VY V0|00 00 00 00
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Extract Data from Audio File

Extracting Hexadecimal Code by using UltraEditor. And extracting data
effectively by using Subchunk2ID [64 61 74 61].

6 LR E RED.bmp p-1= bmp 29. ¥2M.wav
et viow Tod Optrs Wiow Wi B H ’l '-W“m Lh :

d.0.HB.eq40 SN RS v on g p DT

W ar o e K " o | 1o . ” op W0 ¥

l{:@"xid‘ﬂh'.‘E')"-I-PH.'JMD?’u.HFH1“[4:4!1 )"’E{DE - W-I

& L
co T o

i

[¥9)
> €O

52 ; k. M G.J R.P
3A : 70 00 ; .E 20 D pX
00 88 4 E8 FF B = peRee
78960h: 01 00 E E7 FF D1 3E FF :

i ewe

Stren # e - 000k 17,016 {17.418)

vt R ek 0 e bk

WAV format File Hexadecimal File
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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.

10110110110110110110110110110110110110110110110
11011011011011011011011011011011011011011011011
01101101101101101101101101101101101101101101101
10110110110110110110111110110110110110110110110
11011011011011011011011010010011011011011011011
00000000000000001001001101101101000000000000100
10010010110110110110110110110110110110111111111
11011011011011111111011011011011011011011011011
01101101101101101101101101101101111111111111111
11111110110110110110110110010110110111110110110
110110111111110110110711111111111111111111110111
11111111100100110111111000000000000000000011011
00000000000000000000010111111111111111110110110
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| Communication Protocol on SPI

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

communication.
- SIZE FREN | FRNO | CHK DATA
8 Byte
; Length (in o
Field bytes) Description
CMD 4 Identifies the command/data packet
SIZE | The size of the data in a data packet including 3 bytes for FR EN, FR
NO and CHK fields
FR EN | Identifies if the data associated with the packet i1s fragmented
FR NO | The fragment number of the packet if the data is fragmented

The checksum on the packet from the 4th byte onwards excluding this
byte. Checksum is computed as a sum of the associated bytes.

DATA Variable The actual data associated with the packet

CHKSUM I
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SP| Registers

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

SPI protocol.

EIMSK
Bit 7 ] 5 4 a 2 1 0
w7 ] Nt6e | NTs | INT& | INT3 | INT2 | INTI ] WNTO ]| EMSK
Read/Write RW RW RW RW RW RW RW AW
Initial Value 0 0 0 0 0 0 0 0
The AVR Status Register - SREG — is defined as:
Bit 7 6 5 - 3 2 1 0
b | % | W | & 3| % | % | 2 | & |G
Read/Write RW RIW RIW RW RIW RW RIW RIW
Initial Value 0 0 0 0 0 0 0 0
* Bit 7 - I: Global Interrupt Enable
on T o 2 L] 3 £ 1 u
[ | wre | pce | - 1 - 1 - 1 - 1 - | cmsx
Read/MWrite RMW RMW RMV R R R E R
Initial Value /] 0 0 0 1] o 0 a

Bit

Read/Write
Initial Value

Bit

Read/Write
Initial Value

Bit

Read/Write
Initial Value

7 0 5 4 3 2 1 0
SPIE | SPE | DORD | MSTR | CPOL | CPHA | SPR1 | SPRO | SPCR
RW  RW  RW  RW  RW  RW  RW AW
0 0 0 0 0 0 0 0
7 6 5 - 3 2 1 0
[SPiF ] WeoL | m ] o mo—m——————T—eerx ] sesw
R R R R R R R RW
0 0 0 0 0 0 0 0
T 6 5 4 3 2 1 0
MsB Lse SPDR
AW AW AW AW
X X X X X X X X Undefined
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|SPI Registers — SPCR & SPSR & SPDR

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

Bit 7 6 5 “ 3 2 1 0
| SPIE | SPE | DORD | MSTR | CPOL | CPHA | SPR1 | SPRO | SPCR
Read/Write RW RW R'W R'W RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0
SPSR(SPI Status Register) has 3 bits which works different with each other.
Bit 7 6 5 “ 3 2 1 0
[ B ] ek s | e | = ] & ] = GRS ] SR
Read/Write R R R R R R R RW
Initial Value 0 0 0 0 0 0 0 0
SPDR(SPI Data Register) saves DATA of what we want to transfer.
Bit

T B 5 4 3 2 1 0
I S A S S — -
ReadWrite RW RW RW R'W RW RAY RW RW
Iritial Valua X X X X X X X X Undefined
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| Analysis SPI.h header

inline static void beginTransaction(SPISettings settings) { // £&# 4
if (interruptMode > @) {
i uint8 t sreg = SREG; // F& HZH HEF I'E F
noInterrupts();

q,
Uy

b
]

o A3

#ifdef SPI_AVR EIMSK // & ¥ SPI AVR EIMSK £/ 0/ & @
if (interruptMode == 1) { // interruptMOde’t 10/ &

interruptSave = SPI_AVR_EIMSK; // interruptSave® Of 7' SPI_AVR_EIMSK
SPI_AVR_EIMSK &= ~interruptMask; // SPI_AVR_EIMSKZ' interrupttMaskS

SREG = sreg; // SREGH sreg & 2 &

} else
#endif /W IEX Ged
{
interruptSave = sreg; // sreg &'# I & £ interruptSaved =5,
¥
¥

#ifdef SPI_TRANSACTION_MISMATCH_LED // £ & SPI_TRANSACTION MISMATCH LED &'

if (inTransactionFlag) { // flag & 0 trued 2
pinMode (SPI_TRANSACTION_MISMATCH_LED, OUTPUT);  // 7 &
digitalWrite(SPI_TRANSACTION_MISMATCH_LED, HIGH); // & @

Nl

¥

inTransactionFlag = 1; // flag& 1€ &% %

#endif

SPCR = settings.spcr; // SPCRA # AN W& sper it & =

SPSR = settings.spsr; // SPSRA F AN W EEF spsr &l & F
¥

// Write to the SPI bus (MOSI pin) and also receive (MISO pin)

inline static uint3_t transfer(uints t data) { // transfer
SPDR = data; // SPDRY & 0/ & Z
asm volatile("nop"); // E0/ g0 &
while (!(SPSR & _BV(SPIF))) ;

¥ X o

J
- Wy

N

// Z. |
return SPDR; // SPDR &' & g

g™

o

¥
not

-

SA

x
2k

,
§
L 3]

I§

03

Iy

O
e

r

o

Oy

1)
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S Simple Grahic Card- & @ Simple Sound Card
|Block Diagram

13 Pin: SCK B ¢ SCK
12 Pin: MISO ¢ 4 MISO SD
11 Pin: MOSI 2 ® MOSI Card
10 Pin: SS2 | SSO
9 Pin: SSO Slave 'I
8 Pin: SS1
7 Pin: X
6 Pin: X
5 Pin: Button SCK
' MISO
Arduino mosi FPGA
SS1
Slave 2
SCK
MISO
MOSI DAC
SS2
Master Slave 3

Arduino & FPGA & DAC Pin Setup
Arduino(Master) — FPGA(Slave1) — DAC(Slave2) — SD card Module(Slave3) Connection.
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| Total SPI Code

#include <SD.h>
#include <SPI.h>
#include <math.h>

File bmpFile;
File wavFile;

int SDCARD_SS = 5;
int FPGA SS = 8;
int DAC_SS = 10;

int Data_Counter = 0; // Ol0IH2} eHE ZIILL FH2Igt= =2t
int Data_ Receiver[8] = {0,}; // St HIOIEE AZ FMEst=s =
int Convert_Data = 0; // T HIOEE |oM A= Easte 22
int DataNum = 1; // HIOIE BSEN Zas He

int Total DATA count = 0; // T#Hl ClOIHE FIEZEES
int Total DATA [200000] = {0,}; // THl Clole WEE YAH=2 2AUSH= A

I

int BMPEND = 1; // BMmp W2 AZH0| AEI=R #H325
int WAVEND = 1; // wav W2 A=H0] 2SI =R #3256

void setup (void)

{
SPT.begin (): // sp1 TN FIE
digitalWrite (SDCARD_SS, HIGH); // Y022 HEI[F| HE HEZ ]A
/1 SEHR HEE A 2FHB 50 N5 5B Wa
SPI.setClockDivider (SPI_CLOCK_DIV4);
Serial.begin(9600);

Sserial.print("Initializing SD card...™); // SD?IE A2 HE HA

if (!SD.begin(d4)) {
serial.println("initialization failed!™); // sDZI= 2 &I§ 4
return;

}

Serial.println("initialization done."); // SDZI= #HZ =ZT 49

rl

bmpFile = SD.open ("bbny.txt™); // bbny WZ =
Serial.println("File Open Success™);

}

void loop (void)

{
while (BMPEND < 4)BMPEND += BMPFile () ;

for (int i=0; i<200000; i++) Total DATA[i] = 0; // wavilz *3J|H3|
Total DATA Ceunt = 0; // wWavllT 22[H

while (WAVEND < 4)WAVEND += WAVFile():;

return;
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Total SPI Code

2

rir
o

&t

rhr

int BMPFile(void){ // BMp WIZE HAEEID

Data Receiver[Data Counter] = bmpFile.read();

Total DATA Count++;

if (Data_Counter == 5){ // 2t=f Wi CIOIEPtA] ZUACHH O|HFE sDI=0IM

for(int i=0; i<8; i++){ // & sH BI=
if (Data_Receiver[7-1] == 49){

for(int j=0; j<i; j++)DataNum *

Convert_Data += DataNum; // ZZ 2%l e2f + G0 220 £ e

DataNum = 1;

}
Total DATA[Total DATA Count] = Convert_Data;

Data Counter = 0;
Convert Data = 0;

}
else Data Counter++;

¥

42 Oolgs &

Clole & oh3(&t

if (Total DATA Count == 200000){
for(int i=0; i<B; i++) SPI.transfer (0x00); // ZEEZE
for(int i=0; i<B8; i++) SPI.transfer (0xFF); // ZEEZE

for{int i=0; i<200000; i++){

digitalWrite (FPGA_Ss, Low); // =02 S

char received = SPI.transfer (Total DATA[i]); // Total_DATA%

digitalWrite (FPGA_SS, HICH); // £d0/2 A= siF|

return 1;

return 0;

5t slave?| 4f2



| Total SPI Code

This code is not perfect. Because we don’t know what type the

DAC needs.

int WAVFile (void){ // wav W2Z HEstD H&Este g
if(Total DATA Count == 200000){
Data Receiwver[Data_ Counter] = wavFile.read();
Total DATA Count++; // DRCEZ EZZEZ0| EREA OMHA 2 o SOl SEStRl S0 Brel 2aAl 2ol A
if(Data_Counter == 5){ // Dt eRHEY ClolefDpR] LACHH O[HFE sp2t=dld D2 O0IHE FHESHC. for (int i=0; i<200000; i++)
for(int i=0; i<8; i++){ // & sHl Hi= {
if(Data_Receiver[7-1i] == 49){ digitalwrite (DAC_SS, LOW); // =0l HE
for(int j=0; j<i; j++)DataNum *= 2; char received = SPI.transfer (Total DATA[il); // Total DATAE HZEStW slave?| «f
Convert_Data += DataNum; // &= 2% e + OO 224 £ s2el doIHE ot23|=t

digitalwWrite (DAC_SS, HIGH); // 0|2 = aiH
DataNum = 1;

}
return 1;

1 }

Total DATA[Total DATA Count] = Convert_ Data; return 0;
Data Counter = 0; }
Convert_Data = 0;

}

else Data_Counter++;
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| Total Block Diagram - Software Part

SD CARD
MODULE

M-

SSO SCK  MOSI  MISO  Ss1

ARDUINO WW

SS2

A

FPGA

sS
\ 4
$S MOSI
SCK SCK
MISO MISO
MOSI
v sS
MOSI
SCK

v

MISO

A
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| Total Block Diagram - Software Part

T
|

Fail Success
it 3 SD Card l
Yy
Print "Initialization Failed” unsigned char DATA[200000] = { 255}
Call FPGA_Draw.h int Count =0
4
FPGA Part EOF? Yes
Reset BTN Pressed? FPGA Header Part DAC Part
No

int Bir_check=0

int Bir_check =10

int Count =10

Yes

Reset BTN Pressed? Data[count] <= 2 Bit_Check == 67

Call Draw.Circle()
Call Draw.Triangle()
Call Draw.Square()

Bit_Check == 87

Datalcount] == i
GetData(SDimage) | Bl Checke G[t,gtat[c{%gﬂ +=d} Bt
elUalal Soun
Y

Data[count] << 1 '7 r
Data[count] << 1

eck++

SPI Transfer(DATA)

SP1.Transter(0x00)
SPI.Transfer{0xFF)

Call Draw.Diamondy()

END

SPI Transfer(DATA)
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2 summary of the Project

Main B

oard : DIY

Controller Module

Audio DAC Module

Analog Processing

Module (Amp.)
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& Demo

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
/.faceA(); // face type A

8.faceB(); // face type B

*With SOUND when 7 & 8 is on screen/! 80



89 Further Improvements

Problems

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.

Alternatives

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.
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2 Cost

Name ________________________lps. (Cost

PCB Bread Board (PP-A237)

1/4W (10 SET)

Razer Sensor Module (PP-A128)
HEADPIN 1X40 ROHS (11.6m/m)
HEADER 1X40 PSS ROHS (2.54m/m)
HEADPIN 2X40 ROHS (11.6m/m)
HEADER 2X40 PSS (2.54m/m)
LM1117S-5V HTC (SOT-223)
LM1117S-3.3 HTC (SOT-223)

TLO82 TI (LINEAR)

1
6
2
2
1
1
1

10
10
2

W 1100
W 600
W 1000
W 220
W 400
W 220
W 620
W 1100
W 1100
W 500
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89 Cost (Cont.)

Name ________________________lps. (Cost

TN5241=1N962A ZENER (11V 0.5W)
1/4W (10 SET)

JUMPER 2P 2.54 m/m (MJO1-MBG)
DSHO3-15F ROHS (VGA-ANG)

DC JACK (2.0) (DC005-2)
DG127-5.0-02P (HIGHT-10)

M-50 (SUPPORT)

M-7 (SUPPORT)

St - H (s

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

10
6
20

= N DN A AW

W 400
W 600
W 200
W 1350
W 100
W 260
W 560
W 240
W 4500
W 4500
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ki 2 Simple Graphic Card- & a Simple Sound Card
89 Cost (Cont.)

Name ________________________lps. (Cost

Chip Resistor 2012 size F Level 1500 100 W 550
Chip Resistor 2012 size J Level 680Q 100 W 550
Chip Resistor 2012 size J Level 1.2kQ 100 W 550
Chip Resistor 2012 size J Level 47kQ 100 W 550
Chip Resistor 2012 size J Level 100kQ 100 W 550
Chip Resistor 2012 size F Level TMQ 100 W 550
Chip Ceramic 3216 size K Level 82nF 50V 100 W 2090
Chip Resistor 2012 size J Level 100Q 100 W 550
Chip Resistor 2012 size J Level 10kQ 100 W 550

Chip Resistor 2012 size J Level 1kQ 100 W 550
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89 Cost (Cont.)

Name ________________________lps. (Cost

Chip Resistor 2012 size F Level 2.2kQ
Chip Resistor 2012 size J Level 220Q
Chip Resistor 2012 size J Level 2kQ
Chip Resistor 2012 size J Level 3.3kQQ
Chip Resistor 2012 size J Level 4.7kQ)
Chip Resistor 2012 size F Level 470Q
TXBO104PWR

LMK316F106ZF-T (REEL CUT)

Chip Resistor 2012 size J Level 10Q
MCP4921T-E/SN

100
100
100
100
100
100
1

100
100
1

W 550
W 550
W 550
W 550
W 550
W 550
W 1430
W 2200
W 550
W 3091
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2 Cost (Cont.)

Name ________________________lps. (Cost

74HC245 (DIP)

1/4W 5% Axial Resistor 152J (1.5kQ)
1/4W 5% Axial Resistor 681J) (680Q)
Chip Resistor 2012 size J Level 1.5kQ
TXBO108PWR

Kapton Tape 15mm x 33m
Raspberry Pi 3 Model B + Heat Sink
SPI MicroSD Card Module (RD097)

Total

4
10
10
100

RS e -

W 1760
W 110
W 110
W 550
W 4268
W 6600
W 45100
W 1210

W 99639
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