'| Design Examples

PS/2, UART

T 1. PS/2 Interface
ol

B PS/2 interface
= IBMPS/2 712 ZHEE| 2] keyboard?} mouse HZAEO =2 7jut=l
QIE{ 0] A

H pin B 0|2

Pin Name Description
s 5 1 Data Key Data
2 N/C Not Connect
* : 3 GND Ground
2 1 4 vCcC +5V DC
5 CLK Clock
& N/C Not Connect
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™E PS/2 4IO|E] &
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B idle 2E}j
= clock=1, data=1 AEj QX|
B Device to Host M & S Xt
= deviceOj| M clockil}l dataZE 22

= clockO] high7} & O data?} HRH
clockO] low7} 2! I{0f| = datal= QA Bk(valid)
- host0j| A clock?] negative edge0f|A] dataZ sampling0t™H =l

e idle parity bit
/ s stabit / /— stopbit
data (ps2d) / ; :
clock (ps2c) £ | 1 1 1 1 1 l l | 1 | 1 1 |
start bit=0 odd parity  stop bit=1
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T Scan Code
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B Scan code

» J|REE J|HES 5 DHQF 2 M0l 712] 21X Y E QI scan codeE

host2 F&

(o 7I1RE A
L= EH
1C
(make code)

« UM A|ZF O] 4
A A

= hostO| A &
HIZIOIT}.
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Lz
13t scan co

H EH
FO 1C
(break code)

21 QO™ make codeZt H&UA T&E
deE Xt 20|, scan codeE ASCIIAE=E

UHICIEHWZEHA| 6
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ESC F1 F2 F3 Fa F5 F& F7 F& FO F10 F11 F12
11 112 113 114 115 116 117 & 113 120 121 122 122
~ " il 2)[#2]|%4)[%5] “6||&F7 el alfy af-_|f=+ EBackspace
1 2 2 4 5 [3 7 & 9 10 i1 12 13 i5
Tab a w E R T ¥ u | a P L if1 [
18 17 18 19 20 ki 2 23 M 25 26 " 28 23
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TR Scan Code H(1)
wl

Key# Make Break Key# Make Break
Code Code Code Code

1 0OE FO OE 31 1C FO1C
2 16 FO 16 32 1B FO 1B
3 1E FO 1E 33 23 FO 23
4 26 FO 26 34 2B FO 2B
5 25 FO 25 B35 34 FO 34
6 2E FO 2E 36 33 FO 33
7 36 FO 36 37 3B FO 3B
8 3D FO 3D 38 42 FO 42
9 3E FO 3E 39 4B FO 4B
10 46 FO 46 40 4C FO 4C
11 45 FO 45 41 52 FO 52
12 4E FO 4E 43 SA FO 5A
13 55 FO 55 44 12 FO 12
15 66 FO 66 46 1A FO 1A
16e nM En nn AT a7 En 97
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" Scan code H(2)
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2®3] [Make Code | Break Code 2™7] |Make Code | Break Code B PS/2 read module
1 16 FO16 H 33 F033 8-bit scancode= Q1 O{ A{ shift registeroj] &=
2 1E FOIE I 43 F043 - HOIA gisteroll X3
3 26 FO 26 J 3B FO 3B
a 25 FO 25 K 42 FO42
5 2E FO 2E L 48 F0 4B ps2clk — — scancode (8)
6 36 FO 36 M 3A FO3A ps2data — PS/2 — error
7 3D FE ?SD g 31 Fg;ﬂ read module |— done (data ready = scancode valid)
8 3E FO 3E 44 FO44 o1 111 K1
9 46 FO 46 P 4D FO4D «— read (dataZ ¢{017)
0 45 FO45 a 15 FO15 1
- 4E FO 4E R 2D FO2D
= 55 FO55 5 1B FO1B clk reset
A 1C FO1C T 2C FO2C
B 32 FO 32 u ac FO3C AEHE .
[ 21 FO21 v 2A FO2A - SH shift enable
D 23 FO23 W 1D FO1D _ _ _
E 24 FO 24 X 22 F022 idle > data > parity - stop - done - idle
F 28 FO 28 Y 35 F035 NN
G 34 FO 34 2 A FOTA
Enter 5A FO5A start bit@l®  8-bit QI done read
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] 3 ]
B scancode converter
= readyZ} 10| E|™ scancode A%}
= L . 7-segment
= make code7} Y E O Z2 7159t 2X10|™H Y E| &= asci(E= =5
bcd)AEE £ PS2CLK —f  PS/2 | fzia e
= make codeZ7} Y= 0| Z2 make code = break code7t Q=] pPS2Data —* 2IE{I{|0] &
K] SO ™ errordd
» break codeZt YE S0jl= LI make code Y& 7Hs x1h():1D7| . text LCD
scancode(8) — — valid .
error ] scancode — bcd E = ascii
ready —y K& | m g otm ezt JHE
read «|COMVEMET handshaking® 213
T T LCD F = LEDE =3
clk reset
ZEJE: idle > make > FO = break = idle
E(0) HAICH Sl % O M| CH St
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™E PS/2 read RE A
1

module ps2 recv(clk, reset, ps2_clk, ps2_data, read, done, error, data);
input clk, reset;
input ps2_clk, ps2 data;
input read;
output done;
cutput reg error;
ocutput [7:8] data;
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B ps2 clocki} data| 7|8}
- 0] ADEL lineg EUIM MAEIDE ZHS0| YOLM ALIE ALOL7]
g
= AAE cklf 57|90 S0l ALY
/! synchronize ps2_clk and ps2_data to host clock
always [@(posedge clk) begin
ps2c <= ps2_clk;
ps2d <= ps2_data;
end
B ps2 clockQ] falling edge detection
= S7]|9HE ps2 clock 2 ¥ (ps2c) = F2 AlZHSQE 0,10] HHE0H0] HO}
= bouncingO] 2HHSE &~ QICt > ps2cQ| negative edgeE A2 0=
712 HHZIEOLR| QILL
= ps2c7t H S AL 1(E = 0)Y W) ps2 clockO] 1(E = 0)
Ql Ao & TEHSE > shift register0]] AL A QI ps2c ZHE KMET 20
Ol #4S0l 25 1 = B OUX] HAE
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lll always @(posedge clk or posedge reset) begin

if (reset)
ps2c_reg <= 3'b11111111;
else // shift reg for filtered clock

ps2c_reg <= {ps2c, ps2c_reg[7:1]};
end

// filtered clock
always @(posedge clk or posedge reset)
if (reset) begin
clk_filter prew <= 1'bl;
clk_filter <= 1'bl;
end
else begin
clk_filter_prev <= clk_filter;
if(ps2c_reg == 8'boeoaeoaa)
clk_filter <= 1'b@;
else if (ps2c_reg == 8'b11111111)
clk filter <= 1'bl1;
end

assign falling_edge = clk _filter_prev & ~clk filter;
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// state machine
always [@(posedge clk or posedge reset)
if (reset) begin
state <= 58;
count <= 8;
data <= 8'b11111111;

end
else
case (state)
s@: if (falling edge) begin // start bit
data <= 8'bl@1l21@16;
parity <= 1'b@;
if (~ps2d) state <= S1;
else state <= S_ERR;
end
51: if (falling_edge) begin // 8-bit data
data <= {ps2d, data[7:1]}; // shift right
parity <= parity * psad;
if (count < 7) count <= count + 1'bl;
else begin count <= @; state <= 52; end
end
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52: if (falling_edge) begin // parity bit
if (parity * ps2d) state <= 53;
else state <= S_ERR;

end

53: if (falling_edge) begin // stop bit
if (ps2d) begin state <= S4; end
else state <= 5 _ERR;

end

54: if (read) state <= 58;

S_ERR: begin
error <= 1'hl;
if (read) state <= 58;

end

default: state <= 58;

endcase

assign done = (state==54);
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map 2 UART EA|
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B UART (Universal Asynchronous Receiver and Transmitter)
= RS232C HIS7] S41E2 /AT AEMIO] A HI017]
= 25-pin DB EE &= 9-pin DB connector AF2010] ]E} HZA
« DH HOo] 2P handshaking 212 &= X YHE]

—c
—+c10
——02]
—1<1
I T
- 25)
—1<13
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™ RS232C H|=7]| E4I
]

data
RXD—> |ine ——» [—————»
TXD «—driver| | UART host
interface
I o2 Ho7 452 M&
clock (baud rate)
Mark — 10V
St O | 1 (23| 4| 5| 6|7 |stup
Space — +10V
Logle '1' — +5V
Sart) 0 | 1(2|3|4|5) 6|7 |swp
- ] PN
datai= 8-bit parity bit7}  stop bitk=
EE 7-bit AHE =718l 2 Q2 F7HE £ U8
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e 2D
|
B baud rate clock HH:H7]

= RxDOJ|A] start AT 7} E0{ 2™ baud rate £E92] clock2 g2HHA|7{ A
441 dataQ] sampling0]] AF2%t

« ML THI0l= baud rate £E 9| clock0]] S7|A17 A bit &
» baud ratei= ZIX|AE0 22 RIEY £ AEE O] 27 7Is®

T eEalinlinlinlninininlinl
RxD ] start

baudcLk L, L

0] X|&0|A sampling
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B data receiver
= baud rate clock0]] S7]|A|Z4A] RxD Z}E shift register0f] A Zat
» dataE B E £ A10MH status register0f] EA|S Ofil
host0]] 22X 0{A £41E dataE AESF S

B data transmitter
= baud rate clock0j| S 7|Al7{A] shift register®j] A ZHEl == data
o] BF bit&! shift A]Z|HA TxDE LjHM™
» dataZE R 5T £4101H status register®f] EA|S Otil
hostOfl Y FO0{A MER datag & & YE o
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s
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™E UART AlY 2tZ49] of

|
e PC
(167H) |
M2|7]| |UART
7-segmen/ C> copy con com1:
LED
B = HEYH2 UART &4
| =
= = UART4 41 data= LED &3
(167H) T =
SR -> HE YS JUHY
7-segmen/ LEDZ == ot
LED
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