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0. SLHWERAIR

1. HAEEEMAIR
g E 3.1 s

a b cde f g h
//%ﬂ %/ # %//%// %// %//
Lonp f'?'b
(a) FLEAMRTBIE S é
Pt
—. h

a b cde f g h
%ﬂ/ %// %// %// %// %// %// %//
BRE2
(b) SR BRI
Bl3.1 g R
HOR A S5 7 R AU R R N R B S T A R R R BT, SRR O A

FLHIRSAE IR 3.1 oo Heb, “17 AQSRA RN 0 51 B e T, RIS AR B BUAE
“O” ARFRAH B T B AR T, RIS RS A N B

* 3.1 HARKEENNHNEE

BR a b c d e f g dp(h)
0 1 1 1 1 1 1 0 0
1 0 1 1 0 0 0 0 0
2 1 1 0 1 1 0 1 0
3 1 1 1 1 0 0 1 0
4 0 1 1 0 0 1 1 0
5 1 0 1 1 0 1 1 0
6 1 0 1 1 1 1 1 0
7 1 1 1 0 0 0 0 0
8 1 1 1 1 1 1 1 0
9 1 1 1 1 0 1 1 0
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2. WEEHITIEEE

S B T RO, SRR 4 ARG, 4R T i
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h. XWHR

(1) 4 MEASE BBt A LT 3 M
@© HfHpER,

@ wittEk.

® TR,

BRI P I .

/74 CLESE [ 1P A%

module smg_ip_model(clk,data,sm_wei,sm_duan);
input clk;

input [15:0] data;

output [3:0] sm_wei;

output [7:0] sm_duan;

/1535

integer clk_cnt;

reg clk_400Hz;

always @(posedge clk)

if(clk_cnt==32'd100000)

begin clk_cnt <= 1'b@; clk_400Hz <= ~clk_400Hz;end
else

clk_cnt <= clk_cnt + 1'b1;

/1L

reg [3:0]Jwei_ctrl=4'b1110;
always @(posedge clk_400Hz)
wei_ctrl <= {wei_ctrl[2:0],wei_ctrl[3]1};
/1B Az

reg [3:0]duan_ctrl;

always @(wei_ctrl)
case(wei_ctrl)
4'b1110:duan_ctrl=datal[3:0];
4'b1101:duan_ctrl=datal7:4];
4'b1011:duan_ctrl=datal[11:8];
4'b0111:duan_ctrl=datal15:12];
default:duan_ctrl=4'hf;

« B2
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endcase

//fRAD A B

reg [7:0]duan;

always @(duan_ctrl)
case(duan_ctrl)
4'h0:duan=8'b0011_1111;//0
4'h1:duan=8'b0000_0110;//1
4'h2:duan=8'b0101_1011;//2
4'h3:duan=8'b0100_1111;//3
4'h4:duan=8'b0110_0110;//4
4'h5:duan=8'b0110_1101;//5
4'h6:duan=8'b0111_1101;//6
4'h7:duan=8'b0000_0111;//7
4'h8:duan=8'b0111_1111;//8
4'h9:duan=8'b0110_1111;//9
4'ha:duan=8'b0111_0111;//a
4'hb:duan=8'b0111_1100;//b
4'hc:duan=8'b0011_1001;//c
4'hd:duan=8'b0101_1110;//d
4'he:duan=8'b0111_1000;//e
4'hf:duan=8'b0111_0001;//f
default : duan = 8'b0011_1111;//0

endcase

assign sm_wei =~wei_ctrl;
assign sm_duan = duan;

endmodule

BRI RE P 4R o

/1R 4 ALBRSE ) TP 1%
module test(clk,data);
input clk;

output [15:0]data;

/14555 1Hz

reg clk_1Hz;

integer clk_1Hz_cnt;
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always @(posedge clk)
if(clk_1Hz_cnt==32'd25000000-1)

begin clk_1Hz_cnt <= 1'b0@; clk_1Hz <= ~clk_1Hz;end
else

clk_THz_cnt <= clk_1Hz_cnt + 1'b1;

/ITEFR BTN 0~9

reg [39:0]disp=40'h1234567890;
reg [15:0]data;

always @(posedge clk_1Hz)

begin

disp <= {disp[35:0],disp[39:3613};
data <= disp[39:24];

end

endmodule

TR R RE P U0 .

/1 TRZ REER

module smg_ip(clk,sm_wei,sm_duan);
input clk;

output [3:0]sm_wei;

output [7:0]sm_duan;

wire [15:0]data;
wire [3:0]sm_wei;

wire [7:0]sm_duan;

test U0 (.clk(clk),.data(data));
smg_ip_model U1 (.clk(clk),.data(data),.sm_wei(sm_wei),.sm_duan(sm_duan));

endmodule

(2) 4 M ERLE B A B R B i 3.3 Fioso

" Ul sm_duan[7:0]_OBUF _inst
oIkl 0 |E| L 0 sm_duan[7:0]
|§| clk sm duan[7:0]
clk data[15:0] data[15:0] sm wei[3:0] OBUF
- sm_wei[3:0]_OBUF _inst
test smg_ip _model 1 o .
sm_wei[3:0]
OBUF

K33 4 A7 5 2h 2 S om i Hi i
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AT ) Bt

NV
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SR A G AR SR

AL HAREL BB
22 4 L BHYAE 1Y BoR 1

(1) g 5 (el hIRE Y, JF BRI SS@ AT S i i, SEBLAR 5 1A /Rg b 1R A 22

THEOF S S AT R

(2) A FHAZEAT SRR LA s 5 i A T g, L4 2k il Kl iy (80 T ik A

SR, W= EIT IR AR

=. EWEX

(1) WE I T 7 L= AT I = 1A
(2) BT H SRS H SRR 3.2 fix.
+# 3.2 WBATIEHIRARSE TR

FEME E=Rldp
239 AT AR 239) AT 4IXT
1 0 0 0 0 1
0 1 0 0 1 0
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(1) NTHE S M HLE EIEME R+t H 5, TEEIT A RE, WHEEFS%
2w TR 3 AN EISE IR . BUSE BRI K 3.4 s

Ul

CLK sm_duan[7:0]

data[15:0] sm_wei[3:0]

smg_ip_model

Kl 3.4 b Rosiisk

(2) FREFMEH case BH), WRIEAE Stage HIMEMNE MBIRE, FHInLARAT .
B DIREw .
Stage=2'b00 FI/xF LA ST mis
Stage=2’bo1 KINARIE T ML mise
Stage=2’b10 FKINFFIL Ty [ SRKT 46 20 4T HA IR (54T 5%
Stage=2"b11 IR A P 7 [ G4 AT 5 4047 18] i 35 4T 552

Horp, T SRR AN 20s; AT AL AIETTEN 10s.
(3) FEFWT.

module test(clk,data,out_LED3_NS,out_LED3_WE);
input clk;

output [15:0]data;

output [2:0] out_LED3_NS,out_LED3_WE;

/15740 1Hz

reg clk_1Hz;

integer clk_1Hz_cnt;

always @(posedge clk)
if(clk_1Hz_cnt==32'd25000000-1)

begin clk_1Hz_cnt <= 1'b@; clk_1Hz <= ~clk_1Hz;end
else

clk_1Hz_cnt <= clk_1Hz_cnt + 1'b1;

* 66



% 3% FPGA TR %4 %1k d







% 3% FPGA TR %4 %1k d




P FPGA 5 & % S5 # A2

Time_10<=4'd2;

Time_1<=4'd0o;
end

endcase

end

endmodule

(4) TZXHIRF T

module smg(clk,sm_wei,sm_duan,out_LED3_NS,out_LED3_WE);
input clk;

output [3:0]sm_wei;
output [7:0]sm_duan;
output [2:0] out_LED3_NS,out_LED3_WE;

wire [15:0]data;
wire [3:0]sm_wei;
wire [7:0]sm_duan;

wire [2:0] out_LED3_NS,out_LED3_WE;

test U0 (.clk(clk),.data(data),.out_LED3_NS(out_LED3_NS),.out_LED3_WE(out_
LED3_WE));
smg_ip_model U1l (.clk(clk),.data(data), .sm_wei(sm_wei),.sm_duan(sm_duan));

endmodule

(5) RVASZEAT L i 3.5 s .

out LED3_NS[2:0] OBUF _inst

Uo I o [ out_LED3_NS[2:0]
data[15:0]
- y OBUF
ST LS out LED3 NS[20] out_LED3_WE[2:0] OBUF_inst
out LED3 WE[20] I~__0 out LED3 WE[2:0]
test - B
Ul OBUF
sm_duan[7:0]_OBUF _inst
ok [+ sm_duan[7:0] IINT_ o [Osm_duan[7:0]
data[15:0] sm_wei[3:0] - '
smg_ip_model OBUF

I sm_wei[3:0]_OBUF _inst
0

[>sm_wei[3:0]
OBUF

K 3.5 SRACEAT B
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BRBERIIREF S AT LR NP 4 CBRSE IR, EAEER.
TH A ARE P IR .

module time_counter(clk,keyl,rst,data);
input clk;
input keyl;
input rst;
output [15:0] data;
reg [15:0] data;
reg clk_1Hz;
integer clk_1Hz_cnt;
always @(posedge clk)
if(clk_1Hz_cnt==32'd25000000-1)
begin clk_1Hz_cnt <= 1'b0;
clk_1Hz <= ~clk_1Hz;
end
else
clk_1Hz_cnt <= clk_1Hz_cnt + 1'b1;
reg[3:0] time_1=0,time_10=0,time_100=0,time_1000=0;
always@(posedge clk_1Hz)
begin
if(rst)
begin
time_1<=0;
time_10<=0;
time_100<=0;
time_1000<=0;
data[15:0] <={time_1000,time_100,time_10,time_1};
end
else
begin
if(key1==0)
begin
if(time_1 < 4'b1001)
begin
time_1 <= time_1+1'b1;
data[15:0] <={time_1000,time_100,time_10,time_1};

end
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else if(time_10 < 4'b1001)
begin
time_10 <= time_10+1'b1;
time_1 <= 4'b0000;
data[15:0] <={time_1000,time_100,time_10,time_1};
end
else if(time_100 < 4'b1001)
begin
time_100 <= time_100+1'b1;
time_10 <= 4'b0000;
time_1 <= 4'b0000;
data[15:0] <={time_1000,time_100,time_10,time_1};
end
else if(time_1000 < 4'b1001)
begin
time_1000 <= time_1000+1'b1;
time_100 <= 4'b000o;
time_10<= 4'b0000;
time_1 <= 4'b0000;
data[15:0] <={time_1000,time_100,time_10,time_1}%};
end
else
begin
time_1000 <= 4'b0000;
time_100 <= 4'b000o;
time_10<= 4'b0000;
time_1 <= 4'b0000;
data[15:0] <={time_1000,time_100,time_10,time_13%};
end
end
else
begin
time_1000 <= time_1000;
time_100 <= time_100;
time_10 <= time_10;
time_1 <= time_1;
data[15:0] <={time_1000,time_100,time_10,time_1};

end
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end
end

endmodule

TR R RE P U0 .

module mb(clk,keyl,rst,sm_wei,sm_duan);
input clk;

input keyl;

input rst;

output [3:0]sm_wei;

output [7:0]sm_duan;

wire [15:0]data;
wire [3:0]sm_wei;

wire [7:0]sm_duan;

time_counter U@ (.clk(clk),.rst(rst),.keyl(keyl),.data(data));
smg_ip_model U1l (.clk(clk),.data(data), .sm_wei(sm_wei),.sm_duan(sm_duan));

endmodule

(2) PR SRV EWE 3.6 frx.

Ul sm_duan[7:0]_OBUF _inst
1 0
+ duan[7:0
dk [ clk sm_duan[7:0] sm_duan[7:0]
Uo data[15:0] sm_wei[3:0] OBUF
smg_ip_model | sm_wel[(?:O]_OBUF_mst
clk sm_wei[3:0]
data[15:0
keyl [>—kev! ataf 15:0] OBUF
mt[}»——lﬁ—

time_counter

Kl 3.6 PR HHEE

h. LWER

(1) 905 e BNRE Y, MeEd)s, 2o, )5 f R EHXER, &
JlR B

(2) HEF TRILEAR L, EE R RA TR, % TIFR keyl Ja,
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BEDRZGEILTN, L TIFK key2 Ja, EEMRETREIIN . HARRIE R K
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BB IE .

KN : RERESLW
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. SERER
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* 3.3 ZTRIMEFER

1] SRZEIHz =] SRZR/Hz =) S IHz
K& 1 261.6 1 523.3 mE 1 1046.5
iK& 2 293.7 HhE 2 587.3 2 1174.7
K& 3 329.6 3 659.3 HE 3 1318.5
%54 349.2 i 4 698.5 w4 1396.9
K& s 392 HE S5 784 S S 1568
K& 6 440 H 6 880 mi 6 1760
K& 7 493.9 7 987.8 w7 1975.5

AIEPUEAR, Ml T MRS, A& R RRERR; HEH s, W
HARZE WA, BEHERE K. GZal EWANKERBE, E5F SMHz (FARH.
HI TSI AR 34T SMHz (IS BRI, DAL 06 2505 70 B15 21 7 2L 405

(RO 1&F o L5 7 E E & 3.4 Fros.
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'b000000000110:
'b000000000111:
'b000000010000:
'b000000100000:
'b000000110000:
'b000001010000:
'b000001100000:
'b000100000000:
'b000000000000:

endcase

end

origin=10701;
origin=11321;
origin=6826;

origin=12126;
origin=12591;
origin=13194;
origin=13542;
origin=13994;
origin=16383;

always @(posedge clk_4HZ)

begin

if (counter==63) counter=0;

else counter=counter+1;

case(counter)

0:{high,med,low}='b000000000011;
1:{high,med, low}='b000000000011;
:{high,med, low}='b000000000011;
:{high,med, low}='b000000000011;
:{high,med, low}='b000000000101;
:{high,med, low}='b000000000101;
:{high,med, low}='b000000000101;
:{high,med, low}='b000000000110;
:{high,med, low}='b000000010000;
9:{high, med,low}="'b000000010000;
10:{high,med, low}='b000000010000;
11:{high,med, low}="'b000000100000;
12:{high,med, low}='b000000000110;
13:{high,med, low}="'b000000010000;
14:{high,med, low}='b000000000101;
15:{high,med, low}="'b000000000101 ;
16:{high,med, low}='b000001010000;
17:{high,med, low}="'b000001010000;
18:{high,med, low}='b000001010000;
19:{high,med, low}="'b000 100000000 ;
20:{high,med, low}='b000001100000;
21:{high,med, low}='b000001010000;

0 N oo o b~ w N

¢« 79
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«80 -

22:
23:
24:
25:
26:

27
28

31

40

41

46

51
52

57
58
59

{high,med,low}='b000000110000;
{high,med,low}="'b000001010000;
{high,med,low}='b000000100000;
{high,med, low}='b000000100000;
{high,med,low}='b000000100000;

:{high,med, low}="'b000000100000;
:{high,med, low}="'b000000100000;
29:
30:

{high,med, low}='b000000100000;
{high,med, low}='b000000100000;

:{high,med, low}="'b000000100000;
32:
BEE
34:
35:
36:
37:
38:
39:
:{high,med, low}="'b000000000101;
:{high,med, low}="'b000000000101;
42:
43:
44:
45:
:{high,med, low}="'b000000100000;
47:
48:
49:
50:

{high,med,low}='b000000100000;
{high,med, low}="'b000000100000;
{high,med,low}='b000000100000;
{high,med, low}='b000000110000;
{high,med,low}='b000000000111;
{high,med, low}='b000000000111;
{high,med,low}='b000000000110;
{high,med, low}="'b000000000110;

{high,med,low}='b000000000101;
{high,med,low}='b000000000110;
{high,med,low}='b000000010000;
{high,med, low}="'b000000010000;

{high,med, low}="'b000000100000;
{high,med,low}='b000000000011;
{high,med, low}='b000000000011;
{high,med,low}='b000000010000;

:{high,med, low}="'b000000010000;
:{high,med, low}="'b000000000110;
53¢
54:
55F
56:
:{high,med, low}="'b000000000101;
:{high,med, low}="'b000000000101;
:{high,med, low}="'b000000000101;

{high,med,low}="'b000000000101;
{high,med,low}='b000000000110;
{high,med, low}="'b000000010000;
{high,med,low}='b000000000101;
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60:{high,med, low}='b000000000101;
61:{high,med, low}='b000000000101;
62:{high,med, low}='b000000000101;
63:{high,med, low}='b000000000101;

endcase

end endmodule

(1) ¥ Ry, s, RsI I, 2RJE IR B AR P R A
EET?QZI#O
(2) RFEFF TR SIS b, 38 5 R B4 P 4 O Hh I 7S o R 1 IR

/

S+ VGA

. LB

(1) T fi# VGA SR A L ER AN S L T7 1%
(2) % 2x{fif] Verilog HDL & 5 %5 VGA Box M ORT .

(1) E3E VGA 1815 192 A Ji #3725
(2) #f# VGA £ D7 B9S2 By v 7 vk .

=. ZRBRXK

HEROAHmE TN VGA F7, WRIELGIRMEEE WS VGA BIRflfE.
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fO0. LWESFIR

1. VGA B#L&

VGA (Video Graphic Array, FBIEITEES]) SCRETE 640x480 MIH 7> HE% R IA]
WK 16 ek 256 FHKRE, JFHAE 320x240 7R Rl LAER 7R 256 R
o NIRRT B M BURR RS i T ke, BT ARG 29 F R UK 1 R FE TR K
WARIEMT . 8. T VGA B RIFMMERE, RILHMERHEER T Z, FK #e
ZyE VGA Ak Enbly7e, Wk BFIREE IMB K X FFEEMS PR (W
800x600 BY 1024x768), XLy 78I KN VESA (Video Electronics Standards
Association, MAHFFRET2) 1 Super VGA B, fijFK SVGA. BITERIE R AL
INERHESSCFE SVGA 150, il VGA i&7& SVGA, I AR 15 IR IS
%, HTAEHBIE S

2. VGAREORES

BT, REZHCOHENSG MBS & SR VGA i HERW, tHEL
PR LA 7 O AR R s R AE B, R R TR SRR (D/A) B gs N R
G. B =R OE THT/REE S, K8E Tl g ema BoRks . Ak,
VGA AR 15 80, BA SANEINES, VGA EIE 5 WK 3.5 Fin.

%35 VGAEOES

=S ESEX
HS ITRBES
Vs WAL ES
(ARERER=S
[ ERERS
PERGRERE

3. (TRILFAEL

N T SR 3% v BRI s B A% e TR RO B, R I i 5 B I (1 A 6 2R D
() A2 ik ot o AR e TR BE U B kv o AR I B bR A, AT R ik o A A e
N 15.625kHz, TN 64ps. & UL 64ps TENRTII AL, FFH H R, H
1H=64ps. 3 [FD Rk K S0Hz, % /E 0y 20ms, B 312.5H. AT [R5 Bk o6 5
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4.7us Feti, 3 [ED Bk e R 160~192ps, Bl 2.5H~3H.

h. XWHR

FREFHA 4 MaANESH 5 MERES, KPR WmANRmAE S5 H8 clock A
switch. clock &I #1155, swnuﬁnﬂzﬁii#ﬁ%iﬁ1nﬂﬁ, Gan PN S NP
AR, MEESENHOENAd T, KEAHKR,

VGA EREFIT .

module vga( clock, switch, disp_RGB, hsync, vsync );
input clock; //&RSHi N %N 100MHz
input [1:0]switch;

output [2:0]disp_RGB; //VGA ¥#f
output hsync; //VGA {T[FP {55 output
vsync; //VGA 3 [EIN{ES

reg [9:0] hcount; //VGA 1Tt 2%
reg [9:0] vcount; //VGAZHHiiTEiss
reg [2:0] data;

reg [2:0] h_dat;

reg [2:0] v_dat;

reg flag;

reg [1:0]cnt;

wire hcount_ov;

wire vcount_ov;

wire dat_act;

wire hsync;

wire vsync;

reg vga_clk;

/INGA AT /AR 5 S 8K

parameter hsync_end = 10'd95,
hdat_begin = 10'd143,

hdat_end = 10'd783,

hpixel_end = 10'd799,

vsync_end = 10'd1,

vdat_begin = 10'd34,

vdat_end = 10'd514,

vline_end = 10'd524;
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&& ((vcount >= vdat_begin) && (vcount < vdat_end));
assign hsync = (hcount > hsync_end);
assign vsync = (vcount > vsync_end);

assign disp_RGB = (dat_act) ? data : 3'heo;

[/ *Kkxkxk i 5 71 BUHE AL T 4 o xk ke ke k ok kokkk Rk Ak Ak kkkxkk kX kkk / /
always @(posedge vga_clk)
begin
case(switch[1:0])
2'de: data <= h_dat; //EFBEK
2'd1: data <= v_dat; //i%FBEEE
2'd2: data <= (v_dat * h_dat); //7F=AERAEHE
2'd3: data <= (v_dat ~* h_dat); ///°/EMLEHE
endcase
end
always @(posedge vga_clk) //F=AIE %
begin
if (hcount < 223)
v_dat <= 3'h7; //HA
else if(hcount < 303)
v_dat <= 3'h6; //3
else if(hcount < 383)
v_dat <= 3'h5; //FH
else if(hcount < 463)
v_dat <= 3'h4; //%
else if(hcount < 543)
v_dat <= 3'h3; //%
else if(hcount < 623)
v_dat <= 3'h2; //4L
else if(hcount < 703)
v_dat <= 3'h1; //¥&
else
v_dat <= 3'he; //H

end
always @(posedge vga_clk) //;/=4RKER 2
begin

if(vcount < 94)
h_dat <= 3'h7; //H

else if(vcount < 154)
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h_dat <= 3'h6; //%
else if(vcount < 214)
h_dat <= 3'h5; //7
else if(vcount < 274)
h_dat <= 3'h4; //%%
else if(vcount < 334)
h_dat <= 3'h3; //%
else if(vcount < 394)
h_dat <= 3'h2; //4L
else if(vcount < 454)
h_dat <= 3'h1; //#
else
h_dat <= 3'he; //%
end

endmodu

—

IS A=
\. *—H,D%

N~

(D FWFCLMEEFENER, Wikl )a, 2B, K5 R FMCRE
Feo FFAERCT 8O0
(2) ¥ MBI b, #47 VGA 4, WERRN

|

¥

o

SI+—: PS/2 #FEOTH

—. XWBEs

(1) T PS/2 B TAEJEEE
(2) 22§ Verilog HDL 15 5 49w 'S5 PS/2 £ L[ HIFET

(1) iid Verilog HDL Zwf% S8 ILAE SEEGAR Ex PS/2 B # D42, il s
EiONSZILGE LED TR (32 F W EElF, LED AT RAMRK S, %N X i,
LED /T ) AR IR S, 1% K Ctrl S A4 77 1) &8 e B 38D
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(2) B PS/2 #5111 % i F8 7 i SE BT ¥R AE I T i

= IRBR

PR O A 5151 PS/2 F2 7, MRIESLIG B H 3495 PS/2 48 LCD 5(# VAG

) & 7= B

0. LWERAIR

1. PS/2 #EWY TN

(1) PS/2 #5147 XL [ 84T WM. BOBOHE 46 b4 % — Ao 8, 3F HL7E
PRk B RIE AN o BT DUR SRR B AL, i AL AT DR % KA
BB HENERIE DL EARA, & n] DATEAT R B 21406k B 8 1EMsE .

RS B H — SR SLIL PS/2 #: I THEM Verilog HDL F2J% . BT E T #
PS/2 B M55 51 I Th e e S, a3k 3.6 FToR.

% 3.6 PS/2EOLMESIBIIEEE X

N iS25 6-pin Mini-DIN (PS/2) 6 B Mini-DIN (PS/2)
1-Data 1—% ¥
2-Not Implemented 22—, RE
3-Ground 3—HLE
4-+5V 4—HJE+5V
i 5-Clock 5— Il
(Plug) ik (Socket) i i

6-Not Implemented

6— ARSI, TR

H# 3.6 LA, PS2 RA—ANEE T, 5 8H A X —ANEE 1ok #E 2 Mg
SR T T — P ORI A PR T VR . A b 3 A B AR K T ] SR PR e
R I B % N B R, WSS S B RIERIFEN L. PS2 B FKE

WK 3.8 .

Y PS/2 BT EALIBER, &7E PS/2 WHEF (CLOCK) HI%E—AN T B A%
PS/2 # 4k (DATA), FRox—1i PS/2 HlfLtmmiITin . He et 8 MRt (FEAE
BB R BRI A RO, REERmEEREAL, EAERE IS GRBT) . FHERIK
SRS, BRI 1) AT B R AT R, X2 PS/2 B T
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CLOCK
DATA

LIVIS
ovivda
Ivivd
vivda
£viIvd
yvivda
svivd
Ivivd
LV1Vd
ALV
dOLS

K 3.8 PS/2IFE

(2) PS/2 BRI 3 WM AFE KA @S (Make Code) FIWiHY (Break
Code). i% FZEEEURFELIL NHcb iy, TR & RIK LI BE D T 4 — AR
N,%ﬁ%ﬁk@ﬁ&%ﬁ@oﬁﬁ%ﬁrﬁﬁﬁmmﬁﬁ ALK ARy LR 3 2K,

O K. @i 1 779, Wik oxFoHE L. W A 8, FHIEN
0x1C, Wrig’y 0xFO 0x1C.

@ T RdgdE. SN 2 5, HIBIUN 0xE0+H0xXX, Wiy 0xE0+0xFO+
0xXX HIJEN. 4 Cerl 88, @Sy 0xEO 0x14, WitS>A 0xEO 0xFO 0x14.

@ =AUk . Z LA WS, B Print Screen ##, @SN 0xE0 0x12
0xEO0 0x7C, W% A 0xE0 0xFO 0x7C 0xE0 0xFO 0x12; Pause ##, HiE#% A4 0xEl 0x14
0x77 0xE1 0xF0 0x14 0xF0 0x77, Wiid A=t

AN TR 0T B B IS/ TR 2 R T A AL AR, B 3.9 AL TR B ORES  i
UESEHTER

ESC FI F2 F3 F4 F5 F() F7 F8 F9 FlO Fll F12 1
76 05 06 04 OO 03 OB 83 OA Ol 09 78 07 E075
1 ! 2@ 3# 4$ % 6A 7& 8* 9( *+ BackSpace
OE 16 lE 26 25 2E 36 3D 3E 46 45 4E 55 - 66 E
TAB [1 } \|
OD 15 lD 24 2D 2C 35 3C 43 44 4D 54 B SD E06B|
CapsLock Enter
58 1C 1B 23 2B 34 33 3B 42 4B 4C 52 4-' SA
Shift /? Shift
S AR GNOHNHBNEE

L) e Jlot ) (e

SIRICH = a1 P 8 I ERE TR

g 21
N 4>

(3) fE 5l @A PS2 OB AL . Ho, msRAsHE L m
IR B o, A PIE AACAE R T, T DU Bt . VB A RE B ALY
BRSPS 5 BN BN CHR BN RPN AT B, B A 2 g —Fh
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WA 11 MREBEATI, RIS —A R RIGAL, HE N “07;, k2 8 M
A, HEFIG R ARSI &, G T2 AR I AL, o g5 RO, ZAaRA&N “17,
2. PS/2 BEMALIELR
PS/2 ‘B 5 FH A Ny AL a1 3.10 B

— KPS/ 2%l e e
KR

PRSI

ol

i}

S Wi ?

RILHRLE AR S

IREZ S

K 3.10  PS/2 G4 A N AR

MA IR, PS/2 AR B S t B R A, KR — EAEF IR AT
H ARG WY, SEr U A A R, IR BT ERIE, K
BB HOy ASCILY, JFP A — M RIE S, SRR,

FEFF W3 ML 4 M,
(1) PS2 H OB T T,

module keyboard(
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input wire clk_25MHz,
input wire clr,
input wire PS2C,
input wire PS2D,
output wire[15:0]xkey
)
reg PS2Cf, PS2Df;
reg [7: @lps2c_filter, ps2d_filter;
reg[10:0]1shift1,shift2;
assign xkey = {shift2[8:1],shift1[8:1]};
//filter for PS2 clock and data
always @(posedge clk_25MHz or posedge clr)
begin
if(clr== 0)
begin
ps2c_filter<=0;
ps2d_filter<=0;
PS2Cf<=1;
PS2Df<= 1;
end
else
begin
ps2c_filter[7]1<=PS2C;
ps2c_filter[6: @]<=ps2c_filter[7: 1];
ps2d_filter[7]<=PS2D;
ps2d_filter[6: @] <=ps2d_filter[ 7: 1];
if(ps2c_filter ==8'b11111111)
PS2Cf<=1;
else if(ps2c_filter ==8'b00000000)
PS2Cf<=0;
if(ps2d_filter ==8'b11111111)
PS2Df<=1;
else if(ps2d_filter ==8'b00000000)
PS2Df<=0;
end
end
//Shift register used to clock in scan codes from PS2

always @(negedge PS2Cf or posedge clr)
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g<=qg+t1;
end
assign clk_25MHz=q[1];

endmodule

}

I\, EWE

(D wmERSHGNET, wmikddE, S5, R HREFHECET, E&
R

(2) W27 FEBILIeMR b, iy ER: PS2 Hi04k, &N W, X 8@
5 Ctrl A LED 1 Mo KN (T aaERisl, RS aii— ik
B, LED TP RSN o

KE+Z: RE P ZAVEH

—. WO

Vivado FHRZ IP o] LLEBEMA, wH2#EH (DSP. ikt BRiEHE. 17
MR FLAREED %Dkﬂ(HTlﬁTIms%>1P&%Uﬁ$¢%@ﬁﬁ(@0
BE T printfORED, FTRLEEFA, KRR 7 RERE, A5k H K25
SRR AP KA.

|
}
i

—. XWAT

<

LIRS IP TR

. EREXK

CASReE 25 (1 TP A% A8 F 9], BAEREEAR R 48 1P IR AT
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1. B IP#%

PL—A i B R SR 28 1 TP AZ A8 F N, FIF Verilog HDL M IP #%. &%, #r
AT, REHE demo.v TR,
(1) Hifi “Flow Navigator” ZIZRHEH ] “IP Catalog” LI, WKIKEF “Math

Functions” — “Multipliers” — “Multiplier” iEIji, BIIfeikss, FHOd BRAs A,
Kl 3.11 it

Project Summary x| IP Catalog  x 280
Cores | Interfaces
Q = 3 ¥ 0 4 @ o, o
Search: |
Name A1 Status License VLNV
N
Math Functions
Adders & Subtracters
Conversions
CORDIC
Dividers
Floating Point
Mutipliers
# Complex Multiplier AXi4-Stream Production  Included  xiinx.com:ip:cmpy-6.0
 Muttiplier Production  Included  xiinx.com:ip:mult_gen:12.0
Square Root
Trig Functions
Memories & Storage Elements o
Details
N
Name: Multiplier
Version 120 (Rev. 15)
Description:  Multiplication is a fundamental DSP operation. This core allows parallel and constant-coefficient multipliers to be generated. The user can specify if DSP48 Slices, LUTS or a combination of resources should be utiized.
Status: Production
License: Included
Change Log: View Change Log N

B 3.1 “aEBEIRERS T S

(2) #H “Customize IP” %M. /2 EMP “Documentation” %41, 2 1%
IP #Z AT M. 7£ “Input Options” TAEX T EHEKMAG S A MHIANES B 1Y
WHEN 4 MRS REYE, Hasmd nENkE, REHRd “OK” %4,
Kl 3.12 FioR .

(3) #RJE#H “Generate Output Products” % [, H.i7 “Out of context per IP”
WAL, RS “Generate” %41, 1 3.13 Fis.
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Az

« 06

# Customize IP

Multiplier (12.0)

/| Show disabled ports

CLK
A[3:0]
B[3:0]

@ Documentation IP Location (' Switch to Defaults

IP Symbol  Information Component Name  mull_gen_0

Basic  Ouiput and Control

Multiplier Type

= Parallel Muttipiier Constant Coefficient Multiplier

input Options
F= A * B
Data Type | Unsigned ~  Unsigned v
Width 4 4
e Range 1.64 Range: 164
Wultiplier Construction | Use LUTS ~

Optimization Options | Speed Optimized ~ +

Area:The multiplier will be optimized to reduce slice logic and averall area
Speed The mulfiplier will be optimized for performance

3.12 “Customize IP” % M

¢ Generate Qutput Products S|
The following output products will be generated ‘
Preview

| ~ 30 mult_gen_0xci (00C per IP) fee
' 1 Instantiation Template
| [ Synthesized Checkpoint (.dcp)

i Structural Simulation

U Phanan | an

Synthesis Options
Global

® Qut of context per IP

Run Settings

Number of jobs: | 2 i

©

B 3.13 “Generate Output Products” i I




K

% 3

=z

=

FPGA T X %46 5% <

2. AH IP %

& “Sources” TAEX A, B “mult_ gen 0”7 LI,

T “mult_gen 0.veo” 3

i, TSRO SO anE 3.14 o, 55 56 ATAURS B2 6 ] Verilog HDL 5 5

W% 1P A% B A .

PROJECT MANAGER - Lab1

s 4+ @

o[ muit_gen_0 (14)

Instantiation Template (2)
mult_gen_0.vho
mult_gen_0.veo

Synthesis (3)
Simulation (3)
Change Log (1)
/- mult_gen_0.dcp
® mult_gen_0_sim_netlistvhdi

@ mult_gen_0_sim_netlistv

©® mult_gen_0_stub.vhdl

® mult_gen_0_stub.y

Hierarchy IP Sources  Libraries Compile Order

3. TEWIE

2 x
Project Summary x| IP Catalog  x |mult_gen_Oveo x 280
d:/List_Vivado/2019_1/Lab1/Lab1.srcs/sources_1/ip/mult_gen_0/mult_gen_0.veo x
Q B m o Read-only &
50 | // 1P Revision: 15 Al

1t_gen 0

- CLK(CLK),

vi
< 2
o - N
K 3.14  IP BB RERR SO

R GRS = 1 £ demo.v SCAFH,  JFXS AT W M2

module demo(
)3
reg clk = 0;

always #10 clk = ~clk;

wire [3:0] a 7;
wire [3:0] b = 8;
wire [7:0] p;

mult_gen_0 mul (

.CLK(clk), //input wire CLK

.A(a),
.B(b),
-P(p)
);

endmodule

// input wire [3 :
//output wire [7 :

// input wire [3 : QJA

01B
o] P

¢« Q7
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Hr, BT SHE 4 28 E a M b, 20RYIME 7 f1 8, FEENFEAMLTH: &
ol 8 s p, AITIRAITES R, ck 2N 20ns 1B 51(F 5

mult_gen 0 mul(...)i&A)SEHIL T mult_gen 0 RTFIBIHGT % mul, FHKF clk. a. b

p tENZHfE N

h. XRER

PL demo ATHZEMHE, [T AR, BIRffHHEE. WE a. by p BRANLR
Sk wE R AR A L “Radix-Unsigned Decimal” i&50) . @ik 3.15 fiw,
" LLVER] a=7,b=8, FH—HE EAWE p=axb=156.

nnnnnn

B 3.15 Tk IP 07 KT

KE+=: FHEFTREXR

—. XWBEs

(1) ZAZ& UART & I H# FH J7i35.
(2) T fi#RiE M Verilog HDL iE 5 T KW 4 8 L 7 Ko
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(1) @i Verilog HDL #mfR7ESCERMR T s 0, &3CRFIES 4.0 FIFHLS
SR bR Y R, I BB Tl App KiEAA, AR I SIS AR
BEE AR5

(2) FRARIE A B 1R IR 5 1) S2 90 5 VR R 7 72

=. EWEX

ASE T, A SRR BB B 5 AN SCRFECE 4.0 ARERI B (LD
BEATAS Ho AW T SR ERIAC B vilid 5 05 FPGA #EATIEME, R BAUT ki
FHIRR PG bRHE, R FHZ M UART & LB BSOR AP AGE 5 # 8 eE RO

}

0. LHPR

WA E R MEREEE L& —. AL LL TI A
BLE-CC41-A W7 4.0 #E B, iZfE B 256KB fid & %516, #8515 4 BLE 4.0 t3
. BLE-CC41-A %7 4.0 Fide s i & 3.16 fras.

:

4]

i BT_TX UART_TX PO_O
BT_RX UART_RX PO_1
—{uART CTS PO_2
—=1 UART RTS P0_3
BT 3V3 Sl P4
—NC P05 3
A o P06 {3%
—{P21 PO_7
T’ P 5]
[4] BT_RESET# 1 ; RESETB P12 B
BT 3V3 vCce P13
@D GND
Q g d Q
5522288
:Ie effel2Rls
4] BT_SDA
M BT_SCL |

K 3.16 BLE-CC41-A ¥ 7F 4.0 Fbk e B &

.99 .
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G5 uart_top BEERIGFESS, ZAHURME T IUZ 0, QX AN R o A
tx~ BT HCE A AN BN .
(D TR .
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assign bt_sw = sw_pin[3];

sw_pin[4];

assign bt_pw_on

endmodule

(2) & OREFRIFEF T .

module uart_tx(

input [7:0]data_o,

output reg txd,

input clk,

//input rst,

input receive_ack

D5

/7R OURGEIRE L 4 MRS R, RBEIAL. KIEEIE . Ri%5E R

localparam IDLE = 0,
SEND_START = 1,
SEND_DATA = 2,
SEND_END = 3;

reg [3:0] cur_st,nxt_st;

reg [4:0] count;

reg [7:0] data_o_tmp;

always @(posedge clk)
begin
cur_st <= nxt_st;
end
always @(x)
begin
nxt_st = cur_st;
case(cur_st)
IDLE: if(receive_ack) nxt_st = SEND_START;
SEND_START: nxt_st = SEND_DATA;
SEND_DATA: if(count == 7) nxt_st = SEND_END;
SEND_END: if(receive_ack) nxt_st = SEND_START;
default: nxt_st = IDLE;

endcase

end

always @(posedge clk)
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(4) BB AR T .

module clk_div(
input clk,
output reg clk_out
)3
localparam Baud_Rate=9600;
localparam div_num='d100000000/Baud_Rate;
reg [15:0] num;

always @ (posedge clk)
begin
if (num == div_num)
begin
num<=0;
clk_out<=1;
end
else
begin
num<=num+1;
clk_out<=0;
end

end

endmodule

h. XRER

(D R SHMET, mikldfE, 2o, R HREEMECET, Ek
ST

(2) FREFF PSR b, ERERIR B B O, RIEES SRS RE
HEA . AsLid, AR ESD K sw pin[0]. sw_pin[1] AKX HE-F, sw_pin[2]-
sw_pin[3]. sw_pin[4] A P EEEE A # O GE, 0 LUE B IEEERE 1 R 45 R .
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