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A S A IR o Il — o — L B T L T — SRR d 4k BB A &
I8 B i S D A% i B O A A I A i A R L 1 E A
SZRHIRE A

2. fEHAR

BT Bl R e A — A7 AL, ok BT

XU 5 3 Bl A% i mT LX) A i o (EL 55 2847 0 I o

XU 5 2 B A% i mT LU [R] B AT C— R g AR
JAE

3. BOBEEMUESIMEX

F BB, 5 O AT DL 43l RS232.RS422 RSA85 45, A% 22 {3 £ %
235 RS232 ML N A,

O — SR DBY #: 0, 1-1 Fros, B 1-1Ca) Ry H {BESk,
B 1-1(b)AEOAk,

(b) 2%

1-1 #= A DB9 #A
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DL 1-1() A SR O AR BB -5 1 5. 45 BN 5 S|, AT
M 6 S A TS A 9 S, T RESK A ST N A S A O, A Sk By
5B EESR ) 1B, A S 1 B BESL B 5 A, 2 Sk 6 AR BESL Y 9 A, Sk 9 AR BE Sk
6. Wk 1-1,

#z1-1 DBY 3| HIE X

50 My 5 [ 7 g M oE X
1 CDh s Al iRl
2 RXD PR CBE e . Ao B PO)
3 TXD KRB CBERm . PC 3% %)
4 DTR B L U £ I
> GND 55 2k
6 DSR B
7 RTS iR & ik
8 CTS T bR K %
9 RI Wil 44 5 7R 4%

Hr, Bw ANESZ% 8 RXD.TXD.GND, i fZ S ENBFES, AHE MW L
SR ER RO A

4. EOEGEIHREHHNEILERNE

2% ) FARE R 3R E F RO R AR T

PR RS232 32 10 (1 AR T4 I B 92 1) O k.

3 ot i VDL 3 7 56 B RS232 B2 11 08 & 3 A0 B2 180 I3 ek e 11 93 1 L 5
5k .
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e T B R L BT 5 R A B W SR 1030 ) 0 R T 2405

ST 2 8 3 R — 2 S SR L 3 T T RE 2 i A
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BAEAL(DATA) « IR 22 J5 il J2 2 A% i 00 B8 7 o 508 A — JBe R T 8 A2 g — A it
Bt BT AR A (LSB) ZE 1T » = A (MSB) 7E 5 .

I (PARITY) « A Ay — A 4R 5 00 B50H08 7 o FH SF A 0 422 e 1) 1) 5040 7 2 45 A i —
FBER: FH A (A 36 L i T e 3 B A

SERANL(STOP) « 24 8 i B 14 5 52 J7 Bk 45 sk A7 o FH — 1> 12 56 g o o 26 B A4 i 1y
S
Wit . DR 437 2] 5% o A7 £14) B[] ] B R A — o
BT AR B8 10 S A5 5 W 0R ) LA S 7 S B 1) P 1 8 A B B an A BD B A% 2% 9600
A kA 3 B e R R O 9600b/ s,
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AT AS KRBT DL o 4 AN it B e . TOUZE A B | 2 R o5 O A i L 2 Wi B R A 26 A6
Be. HrPTOUZ R B RMELL Al 3 D REBRAYSE R ANTA] 1-3 IR .
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1. TEER

TOUJZ A6 B2 H 11 25 0 0 R HE 28 (0 3 7 8 I B I A T RE R e o R 3R R 2 B L R A
B &k B

D 280

T2 4 RS 4 T

entity uart is
port(
clk : in std logic; —— 100MHz I 4
rst : in std_logic;
rx : in std_logic;
LEDRX: out std logic_vector(7 downto 0);  —— fEU rx %4 B/~ B 5% &
tx : out std_logic
)i
end entity;

BOES BT .
clk: RS AR 45 2% 100MHz,
rst: BNES.

rx: H RO O
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LEDRX: 42U B 19 8 47 & 18U o B A 4
tx: B RIS & 0%

2) PR kA 2

(D TR FRE

ARSI B R TR A 00T T AE R 2, 3 R ok RS & 115 200b/s. R G 4F 100MHz,

18 3 1 A0 B A 0 AR RO B BT B ER DR A R A
AT H 115 200 R R —8L A B E RN T,
100000000/115200 =867

signal cnt :integer range 0 to 867 : = 0;
signal uart clk :std logic;

signal ent: FISRIC R F GEME A J8 30> K, 2 g8 i B s 22 0 — S IE A S B0 ene 3%k
M1 Cent<"=-cnt+1) , 3155 2 5 70 55 Z2 BORH [R] 64 B A5, 33K i DU 55 22857 2 — A 4R =3 ik 4o

LT [ ent THEUEZ
signal uart_clk: fCF AR Rt 4h,
(2) HHEER R,
TS E AR 2 IOk Ak BRI H s SRS . TGS 8 A EOIR S

TR B 2 — A RGUIE B 8 b TR0 I A SR B T — A o R R

R ERETR 5 0. T B 0.

THECIRE : M — A RGP A L TR QSRS 2 R R EOIRAS W Bods A 8h

B,
THECRR RS N T
bps:process(rst, clk)
begin
if rst="0"'then
cnt<=0;
elsif (clk'event and clk='1") then —— B4t %ds
if cnt = 867 then
cnt<=0;
else

cnt<=cnt+1;
end if;
end if;
end process;
——————————————————————— W 1 0
process(clk, rst)
begin
if rst="0"'then
uart_clk<="'0";
elsif clk'event and clk='1"then
if (cnt =867) then

uart_clk<="'1"; - Wiﬁ‘%%@%
else
uart clk<="'0"; —— PR R AL

end if;



end if;

end process;

(3) WA g™ AR R

PR R TR 77 A R SR I el ) v T PSP AR A A AR A i H T AU L

2 DL FR GE I Al Sy B v 1 T RO (R 5 2 9 2R B B K uare_clk B P A5 U
AR

2. & OE R

X H3 RO AR IR ZS 7 A T

HS T 9 4 WA B R — A B AT KO0 A% AR O R AT B G AR . AR B BOE R
(AR A5 5D B G ad — A P e R b s 30 R GE 208 rx $2 W B 1 BOdis A7 A 5 A7 4%
WL A8 8 L EF A A A AR SRR A T — L2 R A5 I L Cox R i FELPD L R AG I B
HL P15 5 CRIVSE IR A0 o sl 4 W 3 19 8 o B a6 4 8 A KO A8 A A IO a2 75
EH .

N T FR BB BT A R A A4, #5 Z A I — DR R R R A R R B B e —
PR AP TR AT B AL L BT R B BT — B B R 0 By BE AR AR TR 46 15
7o 1~8 B Be ARSI rx A Bt . 9 [ BERTRAG I 75 g 452 1k A7

signal cnt2 : integer range 0 to 9; —— R T RS
signal rx8bit : std logic_vector(7 downto 0); —— FEWCEE Y T A AR

K H3 AT K dl 5 A o IR A B A AR AR A

process(rst, clk)
begin
if rst="0"'then
rx8bit <= (others=>'1");
elsif vart_clk'event and uart_clk = 'l'then
case cnt2 is
when 0 => if rx='0"' then
cnt2<=cnt2+1;
end if;
when 1 => rx8bit(0)< = rx;
cnt2<=cnt2 +1;
when 2 => rx8bit(1)< = rx;
cnt2<=cnt2+1;
when 3 => rx8bit(2)< = rx;
cnt2<=cnt2 +1;
when 4 => rx8bit(3)< = rx;
cnt2<=cnt2 +1;
when 5 => rx8bit(4)< = rx;
cnt2<=cnt2 +1;
when 6 => rx8bit(5)<=rx;
cnt2<=cnt2 +1;
when 7 => rx8bit(6)< = rx;
cnt2<=cnt2 +1;
when 8 => rx8bit(7)< = rx;
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cnt2<=cnt2 +1;

when 9 => if rx="1"then
LEDRX < = rx8bit;
end if;
cnt2<=0;
when others => cnt2<=0;
end case;
end if;

end process;

3. BOAXRIEER

D RSB

H T R AU T R ACRE Bea8 A1 A ] B R o DA Wi i i 28 3 R 9 O A RO
e R AT B A 38 2 SR R T RO B A 0 A

J 3 Vi it B AR 10 AEAE S R R — A 52 R A HR RN W 7 25 PRDIR S I ox 3 11 0 3% —
ELOREE e RS 2 e W O F i e BB 3k i T IR AR B e TR A — A R AR
BRI o 1) S0 Rk — AR A S AR TR R A i BRSO . SR A s WO G A7 R Y 8 i KR
P53 0 8 AP AR I B R AL Fr 25 ox S 10, 24 8 (LB K 1K g B IS AR 2 — AN R AR
BRI R o R R T AR SRR R R A

00 1) S0 Sk BERE B R AT AR 5 5 0 AT A 5 i R R ARG R — L R B L —
A THEAR Cont D) 7R AR Y 38 B B D RE 5 o e — 2.

AP B RS A F

process(rst, clk)
begin
if rst="0"'then
cntl <=0;
elsif vart_clk'event and uvart_clk = 'l'then
if cntl =9 then
cntl <=0;
else
cntl <=cntl +1;
end if;
end if;

end process;
B T AT B i A s oy AT 0 p e AU R

process(rst, clk)
begin
if rst="'0" then
tx<="'0";
elsif clk'event and clk = '1' then
case cntl is
when 0 =>tx<="'0"; —— RN, K IEAL A
when 1 => tx <= tx8bit(0);
when 2 =>tx <= tx8bit(1);
when 3 => tx <= tx8bit(2);



when 4 => tx <= tx8bit(3);
when 5 => tx <= tx8bit(4);
when 6 => tx< = tx8bit(5);
when 7 => tx< = tx8bit(6);
when 8 => tx <= tx8bit(7);
when 9 =>tx<='1"; —— 15 IR A, R 3% v T
when others => tx<="0";
end case;
end if;
end process;

R TAE TSR K R A S G 25 R AR AR R L R B 100000007 R AF ) K 3%
BEHTH AR (x8bit v, SR 5 & o 1 238 — #E 61 %X 10000000 & 3% ] 53 H WS L A% 75 #E 6l
8RR 80, LK HR 1 W AL 28 1) 45 L B AT B8 00

F, 5 T A B A S,

2) SER IR

AIAE Bl R TR BY TR E A O A LI A5 R R DR R E O 115 200b/s, BX B 7 8 £,
TCAEIGA A5 1A 1 A7, AT DA ER B ECHE BT O P AN B2 0 R 11 ex 2 ik I Bl L X 5 ik
TF—38, tx i &R B W 1-4 PR . R B7E 88 0 T L Bl &k s T g 6
FNHER Y 44, B) Z#EHH9 01000100, WAL S5 A b1 LED AT & 5 & % i EUE — 2 &
L, 0 AR EL P s rx ity F B2 08 8 A 800 n 1&T 1-5 BT .
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CHAPTER 2

Q2.1 HREFA
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1. PS/2 BT ERR

B AR — A B0 A I B N R S A T O [ B g AR
AT B4 il 4 o PR 0 A T 28 670 7 MO0 B A 42 5 ok 9 T A kR i [ s
OGS ek A R N R R RIS 2%, 2t RIS 2 Rl i PS/2 0 K
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1]
(a) BEk (b) 23k
& 2-1 6 ) mini-DIN & £ 28

Fz2-1 PS/2 6 BIERESESIBENX

gl e X
B 1 (Keyboard data)
HE AR B (Reserved)
1 (GND)
HLYR (5VDO)
B 4h (Keyboard Clock)
R AR B (Reserved)

IR PS/2 B EA 6 AT R ECIE I A d A R R 4 A o B
MRS PC #EAT B AT A% fay B0H0e 00 M B S M2, s 0N 5V HEER i b o [ 20 4 5 5

gl

do

| O WD =

4. PS2 ZEOMEXHRABEBH

(D) IR PS/2 O Ry EE Eh i 3,
(2) 33 PR 2% 3 S8 A PS/2 Bl £ 42 O R B 5831,
(3) SELEE A PS/2 42 11 3 T & ARG 5005 4 s o 4 A

Q2.2 KR

AF R b TRl X B — SR A A B R B L R B RS R
WE NI

1. PS/2 #iEmIH &K

E 2-2 i AP iie R E .,
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START DATAl DATA2 DATA3 DATA4 DATAS5S DATA6 DATA7 DATA8 PARITY STOP

e BdE o Bdle o HdE HdE Bds Bds BdE BdlE A Fikb
fir Ibit  1bit 1bit lbit  1bit 1bit 1bit 1bit fedy I

CLOCK | I | | | | I | | | I | I | I | | | I |
DATA

START
DATAO
DATALI
DATA2
DATA3
DATA4
DATAS
DATA6
DATA7
PARITY
STOP

E 2-2 @&

3
73|

2. Mt AR

(1) &R AR — WUEHE & 2% 09 16 br d5 07, 25 4% I 28 46 47 B, A4 25 iF 47 B8
i .

(2) B0 1~8 . FRFRAL M A SCEE BRI 7 2 A 8

(3) A MACER - FIWT & % I 80P 2 75 A R, A SR A rh 1 A A RO B R 6 A7 gl
Ly AR AL 1 AN BUR ARG IR 0. — ELERHE A 15 I T e A

(D 1AL AR — W S5 5, U B A5 5 IS R R

Mg TR R DR R s A — A SR Y B R A 1 B B R R 2 e R
W — 11 2 A%, 12 S B Bk A L A, 24 i B RS I TR R S 7 A — AL G b R S S B A WS . T
BRI A AT 1 T AL A 2 L R AR B R 2 HT A Fo,

BN, 4N F g 30 R A 2 e IR T A =X AR A — 2 K8

EIRNL: 03

B AL (8bit) : 0010(2) 1011(B) 5

AR A : 0

RN 15

F 81y 16 JE @5 E Y 2B;

F 8y 16 S WS B Fo2B,

Q2.3 bk

AR YR T2 1 S e B A b R B A 1Y 16 R TR PN A SR TE S R AR L
PS/2 HEE4E Fe it al Loy 3 A it A e . TR A B | B 5 5030 Ak JHASE B | i A A
B, KBS 2-3 Frs.

1. TE&ER

TUZBEHE PS/2 AL 1 A B AHESE , B35 T PS/2 R4 11 0 A9 0 Ak HHA B
JCEBIAL Ko T ORIERE s 1 735 B 3E A5 ST F Ak AR R P AS 7 BEEORS A
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2-3 PS/2 BEBEOEITED

ToU 2 45 AR AT

entity top is

port(
datain: in std_logic;
clkin: in std_logic; ——11.0592M
fclk: in std_logic; ——100M

rst_in: in std_logic;
seg0: out std logic vector(6 downto 0);
segl: out std logic vector(6 downto 0)
e )
EOESUHBmT .,
datain: H& BB AR O,
clkin: PS/2 [A] i g 11,
felk: FRGEMIHP,
rst_in: ZREGEAN .,
seg0: BG4 .
segl. BUALE

2. BEMFELIERER

ABEIE PS/2 2 1155 H A BE AT 508 Ak TR A A% O BB, 7R A BB N T BN LA G HEAE
HEAT AL PR AL T R B 7 0 R AR AT A L L4 R
Bt 5 M Al Ak PR R AR AN TS

entity Keyboard is

port (
datain, clkin : in std logic;
fclk, rst : in std_logic;
scancode : out std logic_ vector(7 downto 0)

);

end Keyboard;

HAFESUIIT .

datain. fEEEIRM AT D,

clk: SEL[E) 2D I P AdE 0,

fClk: %\2]_‘5{]‘%‘[']0

rst: RGEEANL,

scancode: HMEES



F2E PS2EBEOMER

1) v 25 i b T B i %) 4 1

PRI Ay 0L 52 ) A s A I T 190 EsF 220 et 5000 08 47 SR AR S T DA 2 6 28 ) 2 i o 08 £l S
F VB, LA 22 500 SR R s I 0 T 2R 0 B A0 5 T [ 2D s A L T DA R A X SR
B AT A5 5 SR A 2 S SR W 1 B T 1 ) T S 3 A1 A SR B0 — AN SR S i T
BF AN SRAE AT AR LT S DU 4 X B A AT OR A

FAEE S clk,clkl.clk2,

clkl: FHRIRAEEE — A RAEERL.

clk2: FHRPRAEEE A RFES .

clk: 4 clkl ARAEEE B 1, clk2 YRR RS 0 B, I B[R] 20 B b B9 B3 9, X
BlE e AT SRR IR clk WA 1. B, BE2Y clk= "1 I O U6 X A S A B AT

2) B ot i) SR B Ak B

S 1) — TR S B 11 A bie 2, AT 0 5 B i BRSOHRE ot 1 A kT 50 S R O AT R
BE . 3 HUR AR PLBET 8 1 B3 13 ANk 258 37 B i B i) 4 — > 5 7

type state type is (delay, start, d0, d1, d2, d3, d4, d5, d6, d7, parity, stop, finish) ;

Horpr, delay fRRBIRRES s stare ARG WA TT 46 07, d0~d7 ALK 5 M ELHE L parity 1R
%%ﬂ%&fﬁ\h sstop fAFRAF 1L, finish AAUREIE 5 56 R A R 26 s £ BB
XHE LA code (55 1ER 8 AR AL I AF , AT B 1AL B Be i) L 48 code 75
Kk 4 scancode, LA PRIE YR B9 52 4
HRRGHA delay IR, start FERH T — AR He k2 HE Wb & — L1 (5 5 A
W o 75 start PR ORI 46 07 A7 H0 W7, 25 B A S O B0 TR — AR, 75 0 1] 24 b
R . MRS HE AT B — L 10 H 1B
3) A EAL g A 0 b B
R T ORUEEHE FE U TE A T S SRR Y 8 AL AT AT A TR A —ME
R ARAF (B Y 4

signal odd : std_logic;

AT A B A3

B 5 1 A 1 A £ 6 U A A 7t T A 8 ke P A 7 M i A R A
XF 8 L ECHE FEAT RS, B TR DA e T X L R GRS L 5 odd 7 Y R, G 2R WS A
B o7 45 SR AN R] U S3h LB A, 7 U3 (] 80 400 e B B

B A PR AR T

case state is
when delay =>
state <= start;
when start =>
if clk = '1' then
if data = 'O' then
state <= dO;
else
state <= delay;
end if;
end if;

15
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when d0 =>
if clk = '1' then
code(0) <= data;
state <= di;

WHEN parity =>
IF clk = '1'then
if (data xor odd) = '1'then
state <= stop,
else
state <= delay;
end if;
END IF;
WHEN stop =>
IF clk = '1'then
if data = '1' then
state <= finish;
else
state <= delay;
end if;
END IF;

3. AR EELR

AR PR B T H AT R A L ) I AT RO A AT OT WOR B 7 BOER AR b SR B,

SO A A S PR A% AT RS O A 7 BOBORS A R CHh — AN B AR 1 5t
1o A4 LR, 53— A B A XK DU AL AT 1 L PR T B — A ) | PRIt A T2 A B [
19114 195 A~ B A8 e

entity seg7 is

port (

code: in std logic_vector(3 downto 0);

seg_out : out std_logic_vector(6 downto 0)

——

ZOFES R,

code: BT LU .

seg_out: IR IFEM G MRS

Z L PS/2 452 1R 4R AT 4 58 B, R G X L A A AT 6k IR 2 6 Tk 52 56 1Y O
Bk .

Q2.4 H®TMBE

(T AR EIP R UNTVE (G S el A V2 U o0 Pl o U RO A B w e < = g )
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entity ps2 mouse is
port( clk_in : in std logic;

reset_in : in std logic;
ps2_clk : inout std logic;
ps2_data : inout std logic;
left button : out std logic;
right button : out std_logic;
middle button : out std_logic;
mousex: buffer std logic vector(9 downto 0);
mousey: buffer std logic_vector(9 downto 0);
error_no_ack : out std logic );

end ps2 mouse;
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constant x_max:integer: = 800;

constant y_max:integer: = 600;

constant total_bits: integer: = 33; —— number of bits in one full packet

constant watchdog: integer: =100, —— number of sys_clks for 400usec

constant debounce timer : integer: =2; —— number of sys clks for debounce:2

signal ml_state, ml_next state : mlstatetype; —— the two states

signal m2_state, m2_next state : m2statetype;

signal watchdog timer done, debounce timer done : std_logic; —— signals of command from host to
—— mouse

signal q : std_logic_vector(total bits— 1 downto 0); —— bit sequence

signal bitcount : std logic vector(5 downto 0); ——bit count

signal watchdog timer count : std_logic_vector(8 downto 0); —- wait time

signal debounce timer count : std logic vector(1l downto 0); —- debounce time

signal ps2_clk_hi z : std_logic; —— without keyboard, high z equals 1 due to pullups

signal ps2_data_hi_z : std_logic; —— without keyboard, high z equals 1 due to pullups

signal clean clk : std logic; —— debounced output from m1, follows ps2 clk

signal rise,n rise : std logic; —— output from ml state machine

signal fall,n fall : std logic; —— output from ml state machine

signal output strobe : std_logic; —— latches data into the output registers (% i Jik i)

signal packet good : std_logic; —— check whether the data is valid

signal clk, reset : std_logic;
signal count : std logic vector(20 downto 0);
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case m2_state is
when m2 reset => —— after reset, send command to mouse.
m2_next_state <= m2_hold_clk_1;

when m2_wait =>
if (fall='1") then
m2_next state <= m2_gather;
else
m2_next_state <= m2_wait;
end if;

when m2 gather =>
if watchdog timer done = 'l'and bitcount = total_bits then
m2_next_state <= m2_use;
else



