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Lecture Materials for Verilog HDL Application Program

Ryuichiro KODAMA

Abstract: This paper provides new lecture materials for Verilog HDL application program. The ultimate application of Verilog HDL seems

to be the construction of CPU as far as the available lecture notes about Verilog HDL are seen in the Internet. Before reaching CPU, many

students may find attractive the peripheral I/O applications such as VGA, Mouse, sound, and the basics behind those applications. This paper

summarizes the editor’s lecture which was conducted in 2019 being focused on those applications. The source code of Verilog HDL is listed

so that those materials might be hopefully referred by the readers for their future lecture.
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FPGA (Field Programmable Gate Array) I&% DEFIZH T D
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2 Verilog HDL O#FEAR & ATRDHERK

21 FRRE

FPGA OFAF ¥y N &2 FMAUL T, £ HDL »EifEf$ 5 &
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B ¥ b FPGA #4K & PC % ##i L, HDL THIF L /25
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WE, BTy MEBRIZIEIRN—RA 2270y 7 PHABEIN
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W3, LU, JHTIRZAUTHBEHREZLEL CHAETS Z
EMBN. FOREOTOT S IVINRE—VREBHTS.
1%, #BR0 VGA F{EEMEE module 71 275 ADHP:
TdH?d. clkiZIZ100MHz 7 0w 2 BNE 2 H5hd & %, clkd
IZ 25MHz O3 827 8w 7 %Y 720 . 25MHz 1% VGA D[
EOE I N EEBEIEDZODEARF IR,

1 input clk, rst;

2 |reg [1:0] cnt;

3 | reg clk4;

4

5 | always @(posedge clk) begin
6 if (rst) begin

7 cnt <= 2'b0;

8 clkd <= 1'b0;

9 end else begin

10 cnt <= cnt + 2'b01;

11 clk4d <= (cnt == 2'b0);
12 end

13 | end

1 Clock Division

20y B cnt OA—NT70—2FELEBNL, ThEA
VIV AY MU cent == 0 B> TE~ZZ A IV I Tclkd %
High 1L T\, ZHAT4 [N 1 [ High 250, 4y
25MHz WEHTX 5.
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N— T Verilog HDL O for 0% while X THEETE 5.
UL, EBISHTHWSLNDIV—T132H 2 FYIZFEL -
MOBUBIEL 225 2 2%\, #ikd 5 VGA ORMGESE
BT ADY ) TIVBENTOME RS, TIT, Oy
WHRHILTHD VR EFEHT S — 7% Verilog HDL Tatik 3
57005 IVINRE—VEEETS.

B2iE, —ELV—TE2T2T0TILTHE. V—TERE
x1, x2 THhd. TNTNONS 3 FTTHOHZES. x1 131 H
HON—TZEHTHY, ZOMEIN3IZHRDLIRDMEN 012485
CHFIC2EHD 2 BN1 V7V AV NIND.

xin, x2n FZTNTH x1, x2 DIROMEZEFHE L THRFFL T

W5, wire B TEH L T assign XTHAELTWEH, £ -
CEMEEEME R A 1L reg ZHIT U T always (%) IZ& Y EF
5. alvays (@) XOHIZRDEDEEEMAANTIY
NI NMZTRHEHDNELNALND. UL, JryTayxy
TRANEMS &, MOFHiZ A I VW@ EDOTOITII VT
EHERRDD, FEEETD. NX—VELTHATE L,
FERICED I ARHE 0.

1 | “timescale 10ns/100ps

2 | module loop(clk, clearN);

3 |input clk, clearN;

4 |reg [3:0] x1, x2;

5 | wire [3:0] xin, x2n;

6

7 | always @(posedge clk) begin

8 if (“clearN) begin

9 x1 <= 0;

10 x2 <= 0;

11 end else begin

12 x1 <= x1n;

13 X2 <= x2n;

14 end

15 | end

16

17 | assign xin = (x1 == 4'h3) 7 0 : x1 + 1;
18 | assign x2n = (x1 != 4'h3) ? x2 : (x2 == 4'h3) 7 0 : x2 + 1;
19

20 | endmodule

2 Double Loop

“timescale 10ns/100ps
module bsort(clk, clearN, done);
input clk, clearN;
output done;

reg [7:0] dline[0:9];
reg [7:0] counter;

reg dirty;

wire sw;

9 | wire [7:0] d1, d2;

10 | wire [7:0] next_counter;
11 | wire next_dirty;

[ e Y R N O R S R

13 | always @(posedge clk) begin
14 if (“clearN) begin

15 dline[ 0 ] <= 188 ; dline[ 1 ] <= 153 ;
16 dline[ 2 ] <= 41 ; dline[ 3 ] <= 58 ;
17 dline[ 4 ] <= 181 ; dline[ 5 ] <= 80 ;
18 dline[ 6 ] <= 64 ; dline[ 7 ] <= 124 ;
19 dline[ 8 ] <= 24 ; dline[ 9 ] <= 165 ;
20 counter <= 0;

21 dirty <= 1;

22 end else begin

23 if (“done) begin

24 counter <= next_counter;

25 dirty <= next_dirty;

26 dline[counter] <= di;

27 dline[counter+1] <= d2;

28 end

29 end

30 |end

31

32 | assign sw = (dline[counter] > dline[counter+1]);
33 |assign d1 = (sw) ? dline[counter+1]
34 |assign d2 = (sw) ? dline[counter] : dline[counter+1];

35 | assign next_counter = (counter < 8) 7 counter + 1 : 0;

36 | assign next_dirty = (sw) ? 1 : (counter == 8) 7 0 : dirty;
37 | assign done = (counter == 8) && (“dirty);

: dline[counter];

39 | endmodule

3 Bubble Sort

M2%2TET5DIIM3IDTOTILAZHEL TS, &



NFINTVY = 2 EFTE 0TS ATHSE. V—TEHIE
counter 2 THhHd. VY MEF clearN IZ &Y dline il
FRPHLIND. Ve bbb B L, 70V 7 clk DXA
IVITEIZY = NP AA—NT B, B done A High &
BoT, ZORFIMNAIEIZY —hIND. K4lk, TAIMY

FLBoTWDE. V=MW TT DL %2HTT5.
1 | module test_bsort;

2 | reg clk, clearN;

3 | wire done;

4 | integer ij;

5

6 | bsort b(.clk(clk), .clearN(clearN), .done(done));

7

8 | always begin clk=0; #10 clk=1; #10; end

10 | initial begin

11 $dumpfile("bsort.vcd") ; $dumpvars;

12 | clearN=0; #2; #20; clearN=1;

13 | @(done) ;

14 | for (i=0;i<10;i=i+1) $display("%d,", b.dline[il);
15 | $display ("---");

16 | $finish;

17 | end

18 | endmodule

4  Bubble Sort Testbench

Signals Waves

Time
di[7:0]
d2[7:0]

5 timing chart

3 &4 DT 1075 bk Icarus Verilog THEIEMER T 5
ZEMNTED., TARNRYF THERT 2 UAZ, GTKWave[4]
WZED AL LF Y= TY - hORFRBEMATIZLE
TE%. dumpfile("bsort.ved") IZL W HEHINAEZT 71V
bsort.vcd % 51#IZ 5 2 T GTKWave %* &£#)j 925 Z &£ T,
S5DEIBREAALF Y —MEMRTES. £8dl, d2»E=
A=, N7V —MZ&Y 153 H41,58 %iBVEWT 181
DOFHITEZ L, ORI 181 BMED/NI B Z BN T Y
KERTPHERTED. ZOX D BRHERENARY —IWEn») T
<, HEIZLHL TS,

4 VGA (Video Graphic Array)

BASYS3 (% VGA i I T\ 5. Zo1ic /o
VI BT A AT VA EZ R % ERT NI Verilog HDL T
O AEGENRRIND. K61k, VGA ORIESEZE/mL,
FIZBASYS3 DA T A RAA Y FITI U TRMEMEIC %A
TERTZTOTS5LTHS.

module B[#IZd % rgb, hsync, vsync #' VGA 1 VX 7
T AHDOERTHS. rgb Ik, & HFThTNh 4y hF
DOMHREEL D 12 €y hDOEKT, EHIO 1KLL
ZOEEZRET DI L THENHMIND., LT eict
EEZDEHNIROHTIENRS., ZZTIEATAS RAI Y F
swl0], sw[1], sw[2] DEAZNEN High £ 51X, ThT
Nk, Kk, HFICEEEKROBEERS.

VGA 1 VA7 z—RE, EDTSIOVETLEDA A=
EMALLZETIVERSTWS., 757 VG TIRBE TR
DKFEHENZEE, 2O VA 7I2& ) BEEHOHIEAHE L,
FRROBERB PN S . BTREPENSGICEEINGRAE
THRD L, BIMEEBNETRL, 1EZRADTICTHT
INEFRITITHRFMETERUKRALZS, ETHREA LB
TRYT. PUEZHETD I LICEYEHEIHE»NSE. A EDON—
RAA—VEETIVIZEEHZ, VGA TlX 1 ¥ 7 IV TOME
DOEMBAIZRET &1 X ¥ J Tl High O hsync £ % —E I
M Low 1293, &7, /& RAMIZET &1 I V7 Cil8% High
D vsync 8% — R Low 12325 WD ERRIZ R > T 5.

1 | timescale ins / 1ps

2 | // VGA 640 x 480, pixel freq.=25MHz

3 | module vga_top(clk, rst, rgb, hsync, vsync, sw, LED);
4 | input clk, rst; output [11:0] rgb; output hsync, vsync;
5 |input [15:0] sw; output [15:0] LED;

6

7 | wire disp_on; reg [1:0] count4; reg clk4Ons;

8 | reg [9:0] hcount, vcount; wire [9:0] nhcount, nvcount;
9

10 | always @(posedge clk) begin

11 if (rst) begin

12 countd <= 2'b0;

13 clk40ns <= 1'b0;

14 end else begin

15 count4 <= count4 + 2'b01;

16 clk40ns <= (count4 == 2'b0);

17 end

18 | end

19

20 | always @(posedge clk) begin
21 if (rst) begin

22 hcount <= 10'd0;

23 vcount <= 10'd0;

24 end else if (clk40ns) begin
25 hcount <= nhcount;

26 vcount <= nvcount;

27 end

28 | end

29 | assign nhcount (hcount == 800-1) ? O : hcount + 1;

30 | assign nvcount = (hcount != 800-1) ? vcount :

31 (vcount == 525-1) 7 0 : vcount + 1;

32 | assign hsync = ((hcount >= 16)&&(hcount < 16+96))7 0 : 1;
33 | assign vsync = ((vcount >= 10)&&(vcount < 10+2))?7 0 : 1;
34 | assign disp_on = (hcount >= 16+96+48) && (vcount >=

10+2+33) ;
35
36 | wire [11:0] sw_rgb = (sw[0]) ? 12'b1111_0000_0000 :
37 (sw[1]) 7 12'b0000_1111_0000 :
38 (sw[2]) 7 12'b0000_0000_1111 :
39 12'0000_0000_0000;
40 | assign rgb = (disp_on) ? sw_rgb : 12'b0000_0000_0000;
41

42 | endmodule

M6 VGA

B 6DTTTT A&, AP 640 €7 €L, HiE I
12480 ¥ 27 IV DEE % %£5<"3 5. hcount, vcount HSIL—
TERTHY, THEHN, 055 (800 —1), 055 (525 — 1)
DiEZMRD. ZDN—T ORI 25MHz (¥ 27 2IVEE) Tdh
%. hcount »¥ 16 25 (16 + 96) DI hsync A%, vcount % 10
25 (10 + 2) DO vsync 7' Low &£ 7%4%. UL T, hcount A*
(164964 48) 75 800 (800— (16+96+48) = 640) D, 5,
veount #% (10 + 2+ 33) 75 525 (525 — (10 4+ 2 + 33) = 480)
D], PHERETH Y ZOM rgb 2 FBEEITIG U TR I EH
WdSILIZBD. VGA DRRIZIEZ 2 THAYT 2 & DS



2, SRREY X, bk, €7 VEOMAEENAEIN
TW5.

41 SERORE

HBAOOEEARRTE/ZOT, WIXHEEIZ 4 DOKE %2 £KR
T5. 9, BELK (vx, vy) 2EHTS. M7iEToT0
TI3LTHD. ZOTOTITLERDOR 6B S vga_top
module WIZELE T AKX K\, BRI D £ E 2 FH S (0,0)
EUTHABIZ B, THBEIZyiE2s. £72, ZOREEE
BOER S IARIAME rgb 2 0 12T 2 RERH Y, TOMIEIZ
fif 2 CTHER/R S High (272 2 2% disp_on 2K 6 NIZE
XT3,

wire [12:0] vx, vy; wire xon, yon;

assign xon = ((hcount >= (16+96+48)) && (hcount < 800));
assign yon = ((vcount >= (10+2+33)) && (vcount < 525));
assign vx = xon ? (hcount - (16+96+48)) : 0;

assign vy = yon ? (vcount - (10+2+33)) : 0;

[ N N N

7 X,y coordinates

8134 DDMERZ2H 7RIS LTHS. 6D 4017H
IO/ MIBIMZLZ I TEETS. ZoSns s
LEBEEIEZL TOMEEA A —IUNK I THD.

wire [11:0] sq_a, sq_b, sq_c, sq_d, o_rgb;
assign sq_a = ((vx >= 120) && (vy >= 40) && (vx <= 280) &&
(vy <= 200)) ? 12'b0000_1111_0000 :
12'0000_0000_0000;
assign sq_b = ((vx >= 200) && (vy >= 120) && (vx <= 360) &&
(vy <= 280)) ? 12'b1111_0000_0000 :
12'0000_0000_0000;
assign sq_c = ((vx >= 280) && (vy >= 200) && (vx <= 440) &&
9 (vy <= 360)) ? 12'b0000_0000_1111 :
10 12'b0000_0000_0000;
11 | assign sq_d = ((vx >= 360) & (vy >= 280) && (vx <= 520) &&
12 (vy <= 440)) ? 12'b0000_1111_0000 :
13 12'0000_0000_0000;

[ I e R N S N

15 | assign rgb = (disp_on) ? sq_alsq_blsq_clsq_d :
16 12'b0000_0000_0000;

8 Display of Rectangles

9 Rectangles on VGA

KOMEand &I, HENELDIMYTENEDL> T
5. Zhid rgb OFFRIZEWTHEROAEREML TV 2D
Thb. ek, ke, HFLROBHUNENTN, ¥, <
YUR, VTVIEOTWBILNyhd. RETIEIFHAL
TOE Y FRBEUIDWTHESR.

72, WILOEEZ KR LB ICBBI 2 Iz k) B
NERIND. ZOLE, [ ORRULI L BB LA

EHARZEEEMAL 5O 28, ZNEENHT D ZHIZL TV
N 77 REDFENRHD L &ER,
42 vzal—v3v

VGA O hZEH (£-1370Y 7 4) THATES. L
MU, EBEOMEE %1525 £ TIZIE Verilog 2 &1 - ¥ - &7
YO—RETDZRBRENDY, BFEIPNDE. F/z, #E/ —NE
fER T 256, MOEGEERTIHELHD. TI T VGA
DOHSIMES (hsync, vsync, rgb) % ¥ I al—YavVHEY a—
NVTEZIFT, ERIZERTD. K10 IZZ0EART O 2% R
T, VIial—vavHEY2—I)VEMO Dsim TRy 7%
Ve MEEDERETD. DX IV TDLMEED RGB
HE 16 T7 74 IVIZHNTS. YIalb—Yavgizin
% BMP 2 X DR 7 1 WIZEWHT 5.

sk, BAHEEEZATCHELZ 7 — RNy 2L, Wify
TRMEEZRELBFDZIENTES. MAT, ®WE7 710l
THRZHELERMLT 2 23 TE5. M9 PRBICHTL 3
EEOBIE, ZOVIal—3nb5HALAEEDTHS.

clk
st [—
module b module
vga_top sync Dsim
vsync
rgb
<]
z
10  VGA simulation
43 T#vhk

1 | wire [11:0] blockO;

2 | assign block0 = ((vx >= 300)&&(vx <= 330)&&

3 (vy >=200)&&(vy <= 220)&&(disp_on)) 7 12!
b0000_0000_1111 : 12'b0000_0000_0000;

4 |reg [7:0] font [0:11%8-1]; wire fontO_on;

5 | wire [11:0] £fO_rgb;

6 | initial $readmemh("font.mem", font);

7 | wire fontl_on; reg [26:0] cnt32; reg [3:0] dcnt;

8 | always @(posedge clk) begin

9 cnt32 <= cnt32 + 1;

0

1 dent <= (cnt32 == 0) ? ((dent >= 9) 7 0 : dent + 1) :
dcnt;

11 | end

12 | assign fontl_ on = !((vx >= 310)&&(vx < 318)&&

13 (vy >=205)&&(vy < 213)&&(disp_on)) 7 O :

14 ((font [(dent<<3)+(vy - 205)]1<<(vx - 310)) & 8'

b1000_0000) ? 1 : O;
15 | assign rgb = (fonti_on) 7 12'b0000_0000_0000

: blockO;

11 Display of numbers

WX FRRRTENLT TV r—> a v OaAfgErER & v
JEAS. KL, BF 7 4> b aRMIAA, o R
ZETHR ONSL9 WUV b7y TRRL, INEKEYIKRT. =
DT T I 5% VGADTOT T (H6) ITANDZLIZ&Y
VGA IZXXFMNHRRIND.

K initial $readmemh XELFIDHHLTHD. Zhidx>
ab—VavUNORBMAEKRTHEENTH Y KEI WS %
AL 72 JiTffiz s, HU, ZHIRERRIKFE TS 72
b, FREREICEOEHEHAEICEREZETS.



ZZTHEELTWE DI, Ev hw T T74Y NTHY,
TOMEHER 12 1RT. BT S5 Oy by 75
VRARINT WS, ZOLMNC, #8 ¥y NTAY 7L
% MSB(Most Significant Bit) & ULz faff Sl w
NE—=VMN 16 #ETRRINT WS, initial $readmemh D
FIBUZH D font.mem IZEY YW T NRE—2 DT 7 LIV TH
Y, RO&>R MWD 16 B THE LT R I NG, BHIE
B font X Z DEIZHIE LI ND.

Yy by 7 x v ME, FEOLESTESIVYE—2Y b
ETREAINAZEDONH Y fHEIZ EGLD & D5 72 16 I E
LTHIHTZZNTES.

BETREY MY Y T 74V b OB ZHML, F¥
TURIBRIZBIDF Y I XT 2 x L —RDMHAZE R
T5.
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40
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78
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04
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12 8x8 Bitmap Font Structure

44 ER774ILDORT

B EFOMAL R EEICHE T 7 1 VIEFEEIZE 5T
HEBRGFEL R >T WD, HEEEFECTHRY L 2B OE &N
VGA IZRRIND L, HMADBLREAIET.

B 13 WEGE 77 A V% VGA IR RZTE. 207875 A
ZVGADTATS5A(K6)IZANDZLIZEY VGA 124
T7ANVNBERINSG. TEBZLIFRIVEGEZ LB~ 2
DEFEMAETIV N INF oy 7 Uzk 25 BASYS3 Tl
391 X 128x128 (RGBI12bit) BSRAD L > THB. HL, Z
DY A AT, HBICHHT 2 EGLED 710 7F A% BASYS3
DAEV A —=N—D7ORHEKIZIFHE TS A7

1 |reg [11:0] 1128 [0:128%128-1];

2

3 | initial $readmemh("i128.mem", i128);

4

5 | wire [11:0] i1128_image;

6 | wire i128_image_on;

7 | assign 1128_image_on = (vy >= 100)&&(vy <= 100+127)&&
8 (vx >= 300)&&(vx <= 300+127)&&disp_on;
9 | assign i128_image = (i128_image_on) 7

10 i1128[(vx-300)+(127-(vy-100))*128] :
11 12'0000_0000_0000;

12 | assign rgb = i128_image ;

13 Display of a Image File

14 ZBMP 7 71 )V [5] TH S i128.bmp(128 x 128, 24bit
HT—=) RO 13 DT OIS A THBT S 1128 . mem IZE
132 CEEDTO I L%2EHKTE. Zo/arsshkay

NANUZFAFT 74 )VE i128.bmp DH DT 1 L7 NV TH
fEX, REHEHAIZ 1128 . mem ZEETHIEEHINS.
BMP 7 7 A WV THETARE SUIEMRATHS. BMP DJEHE
RIEER D FAE A (0,0) 8%, —H, VGA I EAE
K (0,0) ZDT, y HBEEE#MTLIHENHS. ZITIE, X
13 WTEH ((127-(vy-100)) OIAL) LTV 3.

1 | #include <stdio.h>

2 | int main()

3 14

4 unsigned char header([54]; int w, h, cw; int i, j;
5 unsigned int rgb; unsigned char dummy, c, r, g, b;
6 FILE *f = fopen("i128.bmp", "r");

7 fread(header, 54, 1, f);

8 for (i=0;i<128%128;i++) {

9 fread(&b, 1, 1, f); fread(&g, 1, 1, £);

10 fread(&r, 1, 1, f); rgb = 0;

11 rgb |= ((unsigned int) (r>>4))<<8;

12 rgb |= ((unsigned int) (g>>4))<<4;

13 rgb |= ((unsigned int) (b>>4));

14 printf ("%03x.//u%d,%d,%d\n", rgb, i/128, i%128);
15 }

16 fclose(f);

17 |}

14 C code to convert bmp file to Verilog memory image

45 ERLE
EEFRNTENUL, TNEY TV A NTHEBGLELL 72\,
WL OPDIES % H 5 Z & THEGMABLOFIH & F.58.

wire mos_image_on;
assign mos_image_on = (vy >= 100)&&(vy <= 100+127)&&
(vx >= 300)&&(vx <= 300+127)&&disp_on;
assign rgb = (i128_image_on) 7
1128 [((vx-300)&10'b1111111100)+
(127-((vy-100)&10'b1111111100) ) *128] :
12'0000_0000_0000;

I = Y N N

B 15 Pixelization

16 Pixelized Picture

15137 2L (dx4 2AMIZT D) BiRO 0T 5 A,
16Xz ABITHS. I NVidEETDIEZRILD
RO EOROBIZERE®RY) D3, TOME, HEHEIEL
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#& 2 Convolution Matrix

£00 | £10 | £20
f01 | f11 | £21
£02 | £f12 | £22

function [3:0] to_gray;
input [9:0] x, y;
reg [11:0] a;
begin

a = i128[x+y*128];

to_gray = (al11:8] + a[7:4] + a[3:0])/3;
end
endfunction

9 | wire iproc_on;
10 | assign iproc_on = (vy >= 100+1)&&(vy <= 100+127-1)&&
11 (vx >= 300+1)&&(vx <= 300+127-1)&&disp_on;
12 | wire [7:0] £00, £10, £20, £01, f11, f21, £02, £12, £22;
13 | assign £00 = iproc_on ?
14 to_gray(vx-300-1,127-(vy-100)+1) : 4'b0;
15 | assign £10 = iproc_on 7
16 to_gray(vx-300,127-(vy-100)+1) : 4'b0;
17 | assign £20 = iproc_on 7
18 to_gray(vx-300+1,127-(vy-100)+1) : 4'b0;
19 | assign £01 = iproc_on ?
20 to_gray(vx-300-1,127-(vy-100)) : 4'DbO;
21 | assign f11 = iproc_on 7
22 to_gray(vx-300,127-(vy-100)) : 4'b0;
23 | assign f21 = iproc_on ?
24 to_gray (vx-300+1,127-(vy-100)) : 4'b0;
25 | assign £02 = iproc_on 7
26 to_gray(vx-300-1,127-(vy-100)-1) : 4'b0;
27 | assign £12 = iproc_on ?
28 to_gray(vx-300,127-(vy-100)-1) : 4'b0;
29 | assign £22 = iproc_on ?
30 to_gray(vx-300+1,127-(vy-100)-1) : 4'b0;
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17 Convolution Matrix Elements

wire [7:0] norm; //normalize (c)

assign norm = (£f00+f10+f20+f01+f11+£21+£02+£12+£22)/9;

wire [7:0] shrp_p; //sharp (d)

wire [7:0] shrp;

assign shrp_p = (5*f11<f10+f01+f21+£f12) ? 0 :
5xf11-£f10-f01-£f21-£12;

assign shrp = (shrp_p & 8'b11110000) ? 4'b1111 :

wire [7:0] prewitt_p; // Prewitt(e)

9 | wire [7:0] prewitt;

10 | assign prewitt_p = (f00+f10+f20<f02+f12+£22) ? O :

shrp_p;

[ e Y R N P R S R

11 f00+£10+£20-£02-£12-£22;
12 | assign prewitt = (prewitt_p & 8'b11110000) ? 4'biiil :
prewitt_p;

13 | wire [7:0] sobel_p; //Sobel (f)

14 | wire [7:0] sobel;

15 | assign sobel_p = (£00+2%f10+f20<f02+2*f12+£f22) 7 0 :
16 £00+2*£10+£20-£02-2%x£12-£22;

17 | assign sobel = (sobel_p & 8'b11110000) ? 4'b1111 :
18 | wire [7:0] lap_p; // Laplacian (g)

19 | wire [7:0] lap;

20 | assign lap_p = (4*f11<f10+f01+f21+£f12) 7 O :

21 4x£11-£f10-f01-£21-£12;

22 | assign lap = (lap_p & 8'b11110000) ? 4'bi111l : lap_p;
23 | wire [7:0] emb_p; // Emboss (h)

24 | wire [7:0] emb;

25 | assign emb_p = (£00 < £22) 7 0 :

26 £00 - £22;

27 | assign emb = emb_p;

sobel_p;

[ 18 Image Processing
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19 Image Processing
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PS/2 mouse DN—RA V&7 z—AFRAMPHEDO 7O Y 743
SR T RO 2ATHD. TD2AKEEL THAIBIED
TEDZN— REMIPAEENTND., 2FY, IUANLERR
VDI VI TREEDEE IV - RIZHSE R I TR
, AVEaA—EMOLIYVAILAR Y R2 (DL TES.
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O, IVANLIVEa—ZAO@EIFENZ. 220, &2
2B RIS EF<LEHEL R\, PS/2 mouse IXE LD
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5.

“timescale ins / 1ps
module ps2mouse (
input rst,
input PS2Data, input PS2Clk,
output reg signed [10:0] cur_mx, cur_my,
output reg [2:0] mbtn
);
reg [5:0] bitcnt;
9 | wire [5:0] next_bitcnt;
10 | reg [44:0] bit_image;
11 reg [44:0] frame;
12 | wire good_frame, framechk;
13 | reg signed [10:0] m_x, m_y;
14 | wire [8:0] x_delta, y_delta;
15 | parameter X_MAX = 640-1, Y_MAX = 480-1;
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17 | assign x_delta = (bitcnt != 43) 7
18 0 : (good_frame) 7 {frame[5],frame[19:12]} : O;
19 | assign y_delta = (bitcnt != 43) 7

20 0 : (good_frame) ? {framel[6],frame[30:23]} : 0;
21 | always @(*) begin

22 cur_mx = m_x + $signed(x_delta);

23 cur_my = m_y - $signed(y_delta);

24 if (cur_mx > X_MAX) cur_mx = X_MAX;

25 if (cur_mx < 0) cur_mx = 0;

26 if (cur_my > Y_MAX) cur_my = Y_MAX;

27 if (cur_my < 0) cur_my = 0;

28 | end

29 | always @(*) begin

30 if (next_bitcnt == 0) mbtn = frame([3:1];
31 |end

32 | always @(negedge PS2Clk or posedge rst) begin
33 if (rst) begin

34 bitcnt <= 0; m_x <= 0; m_y <= 0;

35 end else begin

36 bitcnt <= next_bitcnt; bit_image[bitcnt] <= PS2Data;
37 m_xX <= cur_mx; m_y <= cur_my;

38 end

39 |end

40 | assign next_bitcnt = (bitcnt >= 43) ? 0 : bitent + 1;

41 | always @(*) frame = (next_bitcnt == 0) ? bit_image : frame;

42 | assign framechk = (“frame[0])&&(frame[10])&&
43 (“frame[11])&&(frame[21])&&(~frame [22] ) && (frame [32])&&
44 (“frame [33])&& (frame [43])&&("frame[8:1]=="frame[9])&&

45 (“frame[19:12]=="frame[20])&&
46 (“frame[30:23]=="frame[31])&&
47 (“frame[41:34]=="frame[42]);

48 | assign good_frame = framechk;
49 | endmodule

20 Serial Communication for Mouse

20 {2 PS/2mouse D) 7IViBEE %Y. D module I,
PS/2 mouse D/N— R+ V&7 = —ATdhs PS2C1lk, PSData
XD VY TIEERITY, ¥UALNEL ZONIESNDEE

B 5 B (640x480) LD 7 ARA > X DEEFE cur mx,
curmy, &, REXYDA V77 mbtn 2T 5.

0 XY TAMBELND 45 NEMHT B, 131 b
7Y, JEEHIT start bit (Low) £ 5 2 odd parity bit & stop bit
(High) 28F < DT, 2N b¥720 11 € hORRL & 820 £ET
44y NEZIFET S, bitent IFINV—TEHE LT, 0025 43
F T PS2C1k (ZABIL THMT 5. K% bit_image |2 bitcnt
AT & LT PSData 2 bl U2 N DEIRKEHIS 7
T <. start bit, odd parity bit, stop bit IFZ2%{ framechk (Z
FOTHREINSG.

Y UADFBIZE > T, EOENDEBEXDNA NEANERZS.
AKld, avEa—&filno vy AFEEOMEGENHY, T
DIBBFIIG U TN M ZbIEs. S0, Jv¥a—4
MOYIANDIXY Y REFZITDBEVDT, i (DF Y,
REELEXDNA "L 7A=Y M) DEHIDY T A% #EAT
BfEL TV 5.

51 IIURARAVHIDRT

wire m_on, m_paint;
wire [1:0] m_ctype;
assign m_on = (vx >= mx)&&(vx <= mx+15)&&
(vy >=my)&&(vy <= my+15)&&(disp_on);

assign m_ctype = (m_on) ?

(get_arrow(vy-my)>>((15-vx+mx)*2))&2'b11l : 2'bll;
assign m_paint = m_on && ((m_ctype == 2'b00) ||
(m_ctype == 2'b01));
assign rgb = ("m_paint) ? b_rgb :

(m_ctype == 2'b00) ? 12'b0000_0000_0000 :
12'p1111_1111_ 1111
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B 21 Serial Communication
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BASYS3 IZIXE#HAY - A —%2 282X 7 2IFAEIN
TV, %\_'C“, A Y — A — B I AN O FAR (Pmod
AMP2 by Digilent Inc.) 2 &L %Z. ZHiZ&>T, 1EY b

@ Digital Output DA VAT WA YRV Vv VJRHTAL—

—IEDB.

FOERELT, £7, SBO A DF (HAFERATT D)
%u%%*&. A FOEHEFH L 440Hz[8] THD. 7R —T

EHANTB01, Z0EE AL EERELTD. 1 AT E—

7L0)E IL A5, TOFIFAZRE LS.

M2IFAd0EFE2HETTIOT I ALATHS. MY 7 module
I audio TH Y, FTDHNE T noteA W1 VARV A{INT
5. CLK10OMHZ, sw, btnC, LED, JBiZZEHhZh, HHY

ow2, A4 RAAwF, FTvy¥aRky, LED 7V 7, 4
ERIELEM A > B 7 = — AZE ) 1 51d. Pmod AMP2 1%
BASYS3 O¥ERY » JB Ik I NS, TDA VAT —AT
»3 JBL0], JB[2], JBI3] ikZhEh, AY—HIADEEAS
VA7, dB i, A —HA~OEFA VA 7 (High THEGE) 12
O eN.

BASYS3 OW#EZ 1w 71k 100MHz TH 5.
438 U T 440Hz %1351
100x10°/880, AT A D v & fH) Bl H ™ >

ZHEEIN -
1Z1&, 100MHz @ posedge % 113636(=
NTBITLILES

beep DA VAT EKIEL, TOEFER2AE—A—ITH5R 5.

1 | module noteA(

2 input clk,

3 output reg beep

4 1);

5 | reg [24:0] counter;

6 | always @(posedge clk) begin

7 if (counter == 0) counter <= 113636; else counter <=
counter - 1;

8 if (counter == 0) beep <= “beep;

9 |end

10 | endmodule

11 | module audio(

12 | CLK10OMHZ, sw, btnC, LED, JB );
13 | input CLK10OMHZ; input [15:0] sw;
14 | input btnC; output [15:0] LED; output [3:0] JB;
15 | wire beep;

16 | noteA fn(CLK100MHZ, beep);

17 | assign LED[0] = beep;

18 | assign JB[0] = beep;

19 | assign JB[1] = btnC;

20 | assign JB[3] = sw[0];

21 | endmodule

22 Sound of Music Note A4

6.1 HpE

K23 D707 T AEERERTD. K22 LEKIZ, audio
W fullnotes 21 VARV AL LU TCEIMET S, 1 AV X —
T EDGEGIIIHREEE 24555, £/, 1 A28 —TF
12 EHROTEE EOE2E5 IIFEEME ¥/2(~1.059463)
B35, /oT, HlzE, C4D1 A2 X2 —TETHS C5 Ik
ATV REM 191112/2 = 95556 L 5. 7z, A4 D¥F L
A#4 137777V RAEAS 113636/1.059463 = 107258 &£ 74 5.
23 DBF# get freq iF C4 5 C5 ETORY VA fEZIRT.

1 | module fullnotes(

2 input clk, output reg beep=0);
3 | function [24:0] get_freq;

4 | input [7:0] key;

5 | begin

6 case (key)

7 0: get_freq = 191112; //C4:

8 1: get_freq = 180386; // C#4

9 2: get_freq = 170262; //D4;

10 3: get_freq = 160706; // D#4
11 4: get_freq = 151686; //E4;

12 5: get_freq = 143172; //F4;

13 6: get_freq = 135137; //F#4:
14 7: get_freq = 127552; //G4;

15 8: get_freq = 120393; // G#4:
16 9: get_freq = 113636; //A4:

17 10: get_freq = 107268; //A#4:

18 11: get_freq 101238; //B4:

19 12: get_freq = 95556; //C5:

20 default: get_freq = 0;

21 endcase

22 | end

23 | endfunction

24 |reg [24:0] counter=0; reg [24:0] bpcnt=0, nbpcnt=0;
25 |reg [11:0] t1000=0, nt1000=0; reg [24:0] timer=0, ntimer=0;
26 | parameter MLEN = 434;

27 |reg [7:0] music[0:MLEN-1]; reg [16:0] mptr=0, nmptr=0;
28 | initial $readmemh("mozart2.mem", music);

29

30 | always @(posedge clk) begin

31 timer <= ntimer; mptr <= nmptr;
32 £1000 <= nt1000; bpcnt <= nbpcnt;
33 |end

34 | always @(*) begin

35 ntimer = timer; nmptr = mptr;

36 nt1000 = t1000; nbpcnt = bpcnt;
37 if (timer == 0) begin

38 nbpent = get_bpent(

39 ((music[mptr])&(8'b1111_0000))>>4,

40 (music[mptr])&(8'b0000_1111));

41 ntimer = 12_500 * music[mptr+1]; nt1000 = 1000;
42 nmptr = mptr + 2; if (amptr >= MLEN) nmptr = 0;
43 end else begin

44 if (t1000 > 0) nt1000 = t1000 - 1;

45 else begin

46 nt1000 = 1000; ntimer = timer - 1;

47 end

48 end

49 | end

50

51 | function [24:0] get_bpcnt;
52 |input [7:0] tone; input [3:0] oct; reg [24:0] cnt;

53 | begin

54 cnt = get_freq(tone);

55 if (oct > 4) begin

56 get_bpent = cnt >> (oct - 4);

57 end else if (oct < 4) begin

58 get_bpent = cnt << (4 - oct);

59 end else get_bpcnt = cnt;

60 | end

61 | endfunction

62

63 | always @(posedge clk) begin

64 if (counter == 0) counter <= bpcnt;
65 else counter <= counter - 1;

66 if ((counter == 0)&&(bpcnt !'= 0)&&(timer>150))
67 beep <= ~“beep;

68 | end

69 | endmodule

23 Music Player
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24 Application of Piano Keyboard
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25 Design of Piano Keyboard
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The Trial Lecture for Chemistry introducing Microscale Chemistry Experiment

Yuki KUBOKI

Abstract: [ tried to give the lectures using microscale chemistry experiment to promote understanding of the

chemistry. The microscale experiments were used for the redox reaction experiment using Isodine and soft drink

with plenty of vitamin C as an antioxidant. This trial is assessed by questionnaire survey of students. The analysis of

understanding and satisfaction degrees of the students were reported.
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