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ABSTRACT
This project presents how to build still picture and meotion picture on VGA monitor using
FPGA (Field Programmable Gate Array) for circuit design. Using VHDL describe how it work. It can
active immediately while connect to monitor and it can show result in gray or color images. It can be
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- W5D1 (PROM: Programmable Read Only Memory)
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- fioate (PLA: Programmable Logic Array)
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2.11.2. Mask programmable
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ENTITY component_name IS

Input and output ports Physical and
other parameters
END [component_name];

U 2.11 uemaTasearalauia llveaniosmasonuuuiewia
1 -:f g 35 s . 1 o g o ] o o A = 3
dauilazTuAUAI0RY Entity wag IS serindmsgeuiiugmdimivseasjluuuiae
592U (component_name) dwmdumsdsrariudeuthuldaungnuaiveiniumdintiueg
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audod i hnuadoimauduazeenvesdioya (nput-output) TmismInlmoidugdauil
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Senirdiuim (entity headen) azfidifyAomiiumssonuuuoufinzdeallaiioded191 END

HAZINT AN BERINIALEND )

ENTITY mux IS
PORT (in0.,in1,se1 : IN BIT;
output : OUT BIT);

END mux;
. MUX
in0
in1 output _——
sel
;) ()
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) MuUX
in0
ENTITY mux IS :
GENERIC (tplh : TIME = 3 ns; int output =3
tplh : TIME := 5 ns); sel
PORT (in0,in1,se1 : IN BIT;
output : OUT BIT); i 1
END mux; tpih tplh
(¥) (@)
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An VHDL d1mSunaaaualsoufion (Test bench)

ENTITY test_bench
IS
END test_bench;

15 o ]

71/ 2.14 HIEMIDDNUVLIDUNAT LU UL I 3N DA EHDRN

2. vihemyeanuuuaniilenssu
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VRIHUIBNIFIRANY LA T IRBNT T U

ARCHITECTURE identifier OF
component_name IS

[declaration]

BEGIN

specification of the functionalffy of the
component in terms of is input lines and as
influenced bu by physical and other parameters
END [identiffer],

parameters

END fidentifier],

U 2.15 miemsesnuueufian ifimsfmuatoamsiinetumauon
dvemsiemssenuuuaoilaun susuALAI8f1 ARCHITECTURE iaza1aiday
d0 Gdentifien) fuRgoad muaasdun deiuanslififui ARCHITECTURE v 1435
HUBNTODALLILOUNRA 1A% (OT<cntity design unit>18) d'auﬁagjﬁwfiw ARCHITECTURE

3 1
nae BEGIN iluiiuiguilszmanilanmseanuuuaniilaenssuimua (architecture



declarative area) TiEuiusduioidon (option) Tuynafrunreldifoulssmasmunads
aiwaqﬁﬂ:ﬁ1‘11]16%':1w“luﬁm‘ﬂﬂﬂﬂssuﬁy’u"lﬁmﬁuﬁuﬂmﬂw(twe) @199 AIDEI1UFY bit,
bit_vector, FyRy184 (signal), K3AST (constant) Tsunsutes 14un fanction 1az procedure LAz
g1nsal(component) danitldussonnudmiussenedoyaf lnad uaz lnasenuesgi
mniEagaadifinualugadide PORT ) ﬁguﬁ]zgﬂm‘iﬂ1ﬂ“luu‘§'nmgﬁfaﬁs:wiwﬁ1d1 BEGIN
fiu END ﬂumwLi'aElmi'aammuﬁnﬁ]wﬂﬂisuuazuﬂﬂmﬂﬁy'uﬂ;ﬂﬁw“}'mﬂmé’qﬁeﬂiun?nmﬁ%
SugamiFanuum swnw (concurrent statement) i wiemseenuuuaeilaonssuszdes
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- ﬂ‘i&lﬂﬂﬂ'l‘iulﬁﬂ‘ilﬂﬂ‘ﬁfﬂi;jﬂ {(Dataftow description)

- UszinvmgAnIsu (Behavioral description)

- tlszan Insaa$19 (Structure description)

- 3zIANKEU (Mixed model description)

ARCHITECTURE dafa_flow OF mux IS
BEGIN

Output <= ((NOT se1)AND in0)OR(se1 AND
in1);

END data_flow;

=t f w oa d o o =)
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20317 2.17 Slumissmsesnunaarilasnssuveadadimdndusznn lasaaiaTaold

= { a r = ] o 1 a F o
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ARCHITECTURE strugc OF mux IS
COMPONENT inv

PORT (i1 : INBIT ; o1 ; OUT BIT),
COMPONENT and2

PORT (i1,i2: IN BIT ; o1 : OUT BIT);
COMPONENT ar2

PORT (i1,i2 : IN BIT ; o1 : QUT BIT);
END COMPONENT;

SIGNAL intQ,int1,int2: BIT;

BEGIN

g0 : inv PORT MAP(i1 =>se1,01 =>int0),
g1 :and2 PORT MAP(i1 =>in0,i2 ==int0,
ol =>int1);

g3 : or2 PORT MAF(i1 ==>in1,01 ==>int2, o1
=>output);

51/7 2.18 wihensvenuwuamilaunssuvaaiadmandalszinn Tnsaas

ARCHITECTURE behav OF mux IS
BEGIN
PROCESS (in0,in1,se1)
BEGIN
IF (se1 ="'0") THEN output <=in0:
ELSE output <=in1;
END IF;
END PROCESS
END behav;
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o 4 a s 1 A T ow a a a
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= = o a 1 =1
UssEeHTRveseenilTzneusss uAun&191nf191 BEGIN dhidu

ENTITY component_name 1S
Input and output ports
Physical and other parameters
END [component_name];

ARCHITETURE identifier OF component_name IS
[declartion]

BEGIN
specification of the functionality of the component
in terms of its input lines and as influenced
by physical andother parameters

END[identifier];

3191 2.20 msfmuamsFeudauazamilavns sy
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CLOCK
en———| APackaged |—»clk
component

ENTITY clock_component IS

PORT (en: IN BIT; ck :QUT
BIT)
END clock_name;
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ARCHITETURE behavicral OF clock_component IS

BEGIN
PROCESS
VARIABLE periodic : BIT :='0"
BEGIN
IF en="1' THEN
pericdic := Not periodic;
END IF;
ck <= periodic;
WAIT FOR 1 US;
END PROCESS
END behaviorat;

317 2.22 MIVTTWFINGANTTUDA clock_component
3. HUUMIBDALLLURNIAY
9 ' 1 a o o1 -
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2 I é T 1 ] 1
Avmon musaiu B lud uvesuiininadani1un 150 AUULA 199 UNUIIA1TOBNULL  entity
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fudeiiszmalilugmvssnslszme Entity Aogaiende nie wesailnihifoudeniylan

281

» T @ [ i
mevanaziiu Taoi lildudnmeausaa@un ld lae lusuiude slidwved uazdamunia

il Frunagliuuneuenidisulddmvilssmerila (Type) niodganar iridoifudu

&

L] o

.z:sy : Yo [ o r oo :: 3
Uﬂﬂllﬁﬂlﬂ%ﬁquﬂnﬂuﬁ)QQﬁ ﬁqum83ﬂ1iﬂigﬂ]ﬁllWﬂLﬂﬂLLﬂLEWﬂlﬂﬂuuﬂg uﬁ1u15ﬂu1ul‘]_!1‘]f%']ﬂ

giunvaula



24

PACKAGE package_name IS
Fackage_declartive_part
END package_name;

310 2.23Tasedre Taoiia llvasdumailsemmdining
- yafuTininY(Package body)
TnsandudalsznovdieidumdeildusroeflefumsiamvesTlsunsudesianat
$e¥ounslalsunsudoriiug Tagnuszmatuuds ludavesmsbemmdninaggaifiu 3 ludau

H 3 3 o I i 4 [ (3} o e y F2R) 1
aeuRAuRNNIN IS WIS vuamaafianss suldusainaingUszaiade neu Tudiuvoes

a

¥ = 3

< ? 1 ¥ dy < =5 Ta o 4
malszmsudnniazgniinuan ludiuveswefuinneds iduiludeall i ludruvesms
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MungINaAaag1lh 2.24

PACKAGE BODY package _name IS
declartive_part
END package name;

= » S a
Eﬂ“ﬂ 2.24 Iﬂﬁ'QﬁiTqmﬂqu@ﬂllWﬂ!ﬂﬂ
4, NI 08NN configuration
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CONFIGURATION identifier OF entity_name IS
configuration_declartive_part
END;
317 2.25 Tassadalaoia flvoansiomsoonuun Tas sy
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] P P a = = o) s
ao Inssadrevasmiauad 3U% 2.26 urasmsldInsdiwes wonlasudoyasiia 8 dadlumdmou

iwunagz 1l 2.27 weasns 1faddu Taoms el X duddssiiadaumumanszinluyadu

TYPE type IS ARRAY(7 DOWNTO 0) OF BIT;

PROCEDURE byte_to_integer (ib : IN bytejoi : OUT INTEGER) IS
VARIABLE result: INTEGER := 0;

BEGIN
FOR:INOTO7LOCP
IF ib(iy ="1' THEN
result := result + 2*;
END IF;
END LOOF;
oi = result;

END byte to_integer

su# 2.26 M3 19 InsFioad

FUNCTION f (a,b,c:BIT) RETURN BIT IS
VARIABLE x:BIT:
BEGIN
X :=((NOT 2)AND (NOT B)AND c);
END f:

717 2.27 n13 Ml afau

-Toulesismod
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= d ar o o ;
uazamaeaasuRefumpaonAuas i lidagali 2.28

LOGICAL OPERATORS : NOT AND OR NAND NOR XOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN

RELATIONAL OPERATORS : = /= < <= > >=
OPERAND TYPE : any type
RESULT TYPE : Boolean

ARITHMETIC OPERATORS : +-*/** MOD REM ABS
OPERAND TYPE : INTEGER REAL Physical
RESULT TYPE : INTEGER REAL Physical

CONCANTENATION OPERATOR : &
OPERAND TYPE : ARRAY cof any type
RESULT TYPE : array of any type
RESULT TYPE : array of any type

@ o

Ci. = A =}
311 2.28 drdutiums Tun e yauea
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output <= a AND b; a
T4

b

output <= a OR b; a
T

b

output <= a XOR b; a
T

output <= a NOT b;

output <= a input WHEN enb = *1” ELSE “ZZ” inpm—[t output
ENB
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WITH sel SELECT a
[op— output

Output <= a WHEN “00” ELSE

b WHEN “01" ELSE

<

¥
- feegduuums@suvaddasiliug
SIGNAL input, output: vibit_ld (3 DOWNTO 0);
SIGNAL clock, enable, reset: vlbit;

PROCESS BEGIN
WAIT UNTIL PRISING (clock);
Qutput <= input;
END PROCESS;

PROCESS BEGIN

WAIT UNTIL PRISING (clock) OR (reset="*1");
IF (reset = *1°) THEN output <= ‘00",

ELSE IF (enable = ‘1’} THEN output <- input;
END IF;

END PROCESS;

2.13.4 MSUSTUIUTINGANTIY

o a

o w = 9 g os o o o e
Aumsvsrnednvuzminlasutlanedoyaludanedty dmiumsdiuimnadnsi
- 4 g 3 o A A w ¥ 4
imavwiiosanmudisundasannzdeya W Tas lidilsfsdnvaz Tnssadiandoe
w e o < v = 1 o 9 & =3 = = 3/
anuduiusvesplnsaimoluhezdluatnls defiazyadinsussnsdamgdns suunumsls
Tugaariaud saudedeimuadg finasd

Ta)s\e (Process)

- ' PRI o o e ' |
Tiswaugiuuuiuguetiniiad lums fmualddudygia Tssazegluaaiush

[ ]

o ¥ @ @ o =

w3 v ¥oungiene uazezdfidddmdony Audumiddus togluamilaenssuvissamoaiu

dy = wa e & w Aaa = 4 o o oy o oo o
TasTdsarailezd fiamuideininlmgmsalifadusudyaraiodnedunevesfydnyal
fnuas tdyaa (=>) Tdsmasudud o149 PROCESS 1azauf1d3d20 END PROCESS
amgili 2.20 Tashidmalsznovves Tdsgmezliduvesnsdszmeadunlsuazduvo g

SIGMEERET
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PROCESS
declarative part

BEGIN
statement part

END PROCESS;

710 2.29 nmsdutlszneuvesmauss e T s
- msmruedduiiungmelu s
daduitumaneluTlsmed 3 iiafe dauds (Variable), 118 (File) LAZATAIT (Constant)
Saaduilumaite 3 1 windinsdsema )3 idsmala frsmnsald1dmme T e

5 o a 1w - ' s 19 3 & A Ay
Fmfumidadedussuennioszritsllsaavzaanson 14 Talddygmmionneainla

Uszmaliludauves ARCHITECTURE lugiii 2.30 uamsmstszmiadanszimelullsirmas

1
9 = a s

¥ e iy 4 o
miwn 14 Faazedizrindidi PROCESS nayd1da BEGIN uazansuduiigniimualiiud

9 4
c = i ar o g o g o 4 . . - 1 @ o= @)
audumneluTlsgaszgminnlyseusuauvoinsgiamoiniuasunniu aenuausuau
¥ ]
@ el o

¥ £l
fegnwlu TsunsusesszgminnldyanieniimaSenld TUsunsudoniug

PROCESS
FILE flush ; TEXT IS IN "filename.dat";
VARIABLE var : BIT;
CONSTANT n: INTEGER :=(;
BEGIN

END PROCESS:

U7 230 Mratunsdssmeadaduiums el Tdnamns smuamsiiauatoluTalsese
msnsgilag el TlsmavsiumsUgoRuuuidu (Sequence) e dignioluTlsima
awsa 19z TeadoulunTanisiidi 141 IF - THEN — ELSE, CASE - WHEN, FOR LOOP
1Az WHILE LOOP fadatagaldi 2.31
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ARCTHITECTURE dema OF partial_process 1S

BEGIN
PROCESS
BEGIN
;-<= |1'I.
IF x="1' THEN

perform action_2
END IF;

END PROCESS:
END demo;

310 2.31 Ren TymahamuTlsire
Ed
- manTzAuuarmsdudamamanes s
a . =y 3 a1 o L] l:’d.
msnsziineluTlngrssegluanizmisunion uaziimiiiuedgaasanainums

= o o g ¥ et of o 4 A o A o
nlasuntlasveamgmsainaiiu a1 lsdisndaisanssquuiadudamaihaumeiu Ty s

4 o ’ @ =y ¥ = sy A e fa 4w o
T3 Taumsfimuasiemsvesdaanuidednts 14 [lswadpidnuielmamssiifadunudygiu

it =

v ¥ T [
At mua Tt drumamaallan lilddvua 13ez bidanafamsiinunieTuldnive d
ar g 1 PT 4 ’ o ¥ -] ¥ o a P
wmsvesdaanuiliZondy Sensitivity List Lazazfrvua 13n1elurudundadids PROCESS 31U
2.32(%) uarmsdrotns Tuiaa uargUi 2,320 Wudsedamsusyors dauluzalii 2.33 uaasdams
usTnuRngansTumsmauvasdtvasil Tasiiglit 2,330 Wumslddnszdneuen
Tilsia uazgald 233 dumslddnsziounelulnra Taulinonsvesdamna (st set,

clk) Hudanszdumsmaumelu s

R
—iD Q |
54 ENTITY component_name IS
—p ct QP Input and output ports
S Physical and other parameters
] END pomponent_name;
() ()

51 2.32 TwmanWaUWael (D Flip-flop)

@

() apaded e Tumaawatanil

() Wudretamivsseengdnssuvesanaiinael
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ARCHITECTURE behavioral OF d_sr_flipfiop 1S
SIGNAL state ; BIT .='0"
BEGIN
dff : PROCESS (rst, set, clk)
BEGIN
IF set="1' THEN
state <="1' AFTER rq_delay,
ELSIF rst ='1" THEN
state <="0' AFTER cq_delay;
ELSIF clk = '"1" AND clk ' EVENT
THEN
state <= d AFTER cqg_delay,
END IF;
END PROCESS dff;
q <= state;
gb <= NOT state;
END behavicral;

()

ARCHITECTURE average_delay behavioral OF d_sr_flipflop 1S
BEGIN
dff : PROCESS (rst, set, clk)
VARIABLE state : BIT :='0';
BEGIN
IF set="1' THEN
state <='1";
ELSIF rst ='1" THEN
state <="'0";
ELSIF clk ="1' AND clk ' EVENT THEN
state <=d;
END IF;
q <= state AFTER {sq_delay + rq_delay + cq_delay)/3;
gb <= NOT state AFTER (sq_delay + rq_delay + cq_delay)/3;
END PROCESS dff;
END average_delay_behaviorat;

(®))
317 233 mavssewFmgdnssuvasaniilian
(@) hums l¥dnszhnouenTysisa
@) dumslFinisihauneluTluya
2.13.5 MSOBALULTINLUUAIAT
TumawmusesTasaenvine ngfitinnusudou foonuuuinazusmsosnuuuhd
aglugilvosvfanlaszunsudeuiimsinaizd IR s waziduade il Famudevdusariy
syanaldefuiouazIinszimstinuvesudazuion udansmsUdudansiiaunnnal
SnseiielfI&nsieuauigoms vennintfamnsomumnluneaz@ualundazduasu
14 Findnmsinemonndoaf NN 0BALAIIAYUAIANS (Top — Down Design) 1uiod ioifion
AT BTN TR (Bottom — Up Design) sz 1dhnsesnuunana st uuuezld
nmmssenuuuan fewinslumsaieesdaoginTalaie (Schematic capture) fitlsznoy

Wudlunsesideenmseenuuunsuta1T1¥ 1015813040151 HATATIVABUNIIAINIUANY
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3 ar

z =) = o o ' =] Yo 9
gnaed ﬂquuﬂ151%}ﬂ1'ﬂ1qlﬂ°ﬂﬂllﬂa ﬂlﬁ"fﬂﬂﬂ’]ﬁ@'ﬂﬂll‘U‘Ui]”lﬂﬂuﬂﬁﬂ"lqg%l]uﬂ'ﬁﬂﬂﬂﬂlﬂﬂ‘lJE:fﬂﬂﬂll'Uﬂ

@ 5 ] 4 @ i 1 ] = o
uazannsndanusudoulduntu uazfme ldaaaaza 14nelumsesnuunudndie

-1
System Specfication & Analy3|s

|
Modeling & Slmulat|on |
|
|

Loglc & Test Synthests

Physu:al Design & Analy5|s J

1

Pcst—Tlmlng Verification |

System Level Verification |
L =B

|
|
|
| Pre—Tlmlng Veriflcatlon
|
|
|

‘iﬂﬁ 2.34 ﬂuumumiaﬂmmumnuumma
kY

10319 2.34 LAAIHTUABLNTBBALLUIINUUAIE N ﬁaﬁﬁlumaﬂﬁﬁ'ﬁmﬂﬁ%’mmndw

o A o - g ad o = 1
’Nlaﬂﬂ)ﬂﬁl lugﬂzﬂ']ﬂ“ﬂuﬂﬂuﬂ'ﬁNﬁﬂﬁ"lli']iﬂ?l'lvlﬁﬂﬁ']ﬂﬁﬁ I TVUUADUNTIIDDNLUUBTINUUAIN T

a

q

Ze

=1
=l

1. w¥ndadiuavesnnudesnts uazinsedszvumemuninanazudnms luns

uitiamn
H 1 Ed

2. Wsuztivesszuniideams eusso1enganisumsiiam wiewiadaenis
o A e @ 3
vaN"lw.watﬂ’%’fmmﬂummgﬂﬂmmmaﬂmuﬂ

o Y w a AT 3/ 3 9 = 1 dy -
3. wam1ﬂ'n"lﬂwaﬂmsi.m::muﬂaummunmsmﬁaummgﬂmmLsm wdamari Tl
= o 3 = o = = 3 = ¢ &
ywazBon luiui 2 suaunsath hledatees931d anshesnuuuezgndimuaiuuazszuues
1 o 4 Ay w . - I a8 v o
Frweonuvudauasiziaesildnnglunundsniuldegluglvovesiidszneudogine
- = d M as o T 1 [ [ o ] g & (X~
diinnsolindniaisns luseduing uagmaifoureseniledusznitvesglnsalmaniuvie 1un
14 i o o o ar oA

og luziluasstums (Net list) Nenmns o Tuwdaniludaginsalon1d

o = o L o - 7 Y ¢ a ¥ o o a
4, ‘HENmﬂmi’ami"l:ﬂ’aﬂilsﬁlﬂﬂgrlui:ﬂumﬂﬁia Net list 1187 mﬂ“ﬁu@ﬂﬁ]giﬁﬂﬂ'Iﬁiﬂﬂ'lﬂﬂq

a

o

o 4 ¥ ) ¥ w0 A W 9
s luiseannugndeavesilandu wieuiuihayanmdoatunandinidizneums
= o = = v I = o = o g = ] T
WUIIHIA8 F3aulndnalgUlnieinadiannioundyn Uz A TMHIIY0INITURTATED Y
' o 2 =X ¥
(Propagation Delay Time) iy fausiinziflunaniosmnnluszdum udniitaw uddinwlu
4 PRI A -4 F o 4 &
1nilalsznevdisnavesilanduaien Wumiug matulyl namiifzasaunniiu und
it Idmshauenasruianan il wiolumusadhauludnmanvddygmuima
g 14

= = o 3 =y ¥ [ 4 =
5. HAAT90T999 TﬂEjﬂ"l‘ilﬂEllE]ﬂaljiﬁrﬂulﬂmﬂﬂ’!iﬁﬂLﬂiWHﬂﬂNﬁﬂ
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o o or o g A @ 1
6. Fm3nrnaoumItinmuazdualsmshaumad uaimeg iWeaNugnAInay
a ¥ o u‘: ] A g & = 3/ Y L
i ldhiugunseiFudug diamnduasuil 2aeshesnuuugiisezlizneudisyadaiuouna
4 e '
sazioine Fuilugededudyopuniovan
7. inassfiesnuuy Miszneudhginiaidun Whiluszuufiauyse udimamauns

e 22 4 . 2 s
Wnaudnaseieszun enruguuazliuilynunmosduanulng

2.14 M51T0NABYDINDIA Ps/2

kS
wosa PS2 Usznoudan 6 91 @Alderuud 4 vy Uszaeuludie ansad, alvibes

o o 3} o o F o ad s & = ad & o =
AlLBIA, ﬂﬂHﬁ‘VlﬁQ%']ﬂﬂﬂﬁﬂiﬂllaxﬁqﬂﬂa@ﬂﬂﬂuﬂiﬂ FITWNADNAGUDIA Lﬂulluu 2 NANW Uag

o ar

= = T o ) = o d;
Tanndazganiuguinoidusiaes uaivannsefezgaieny TassrutnouRumainis lunsdiil

) . A w9 = [ ad o gda‘ I'd ] <
flo FLEX chiptifsiudosmstiozngamsdedoyavinfiduesa ffdusiauazszuunouinaes

LT 1 w ) as 1 ] = 4
annsafiiumodoyald aodoyaiumaiteyaifissdudmdiminmsassgrnouiunes

a a

A Al = o o 0. % ¥ W o
AUADUDTA ﬂfﬂ.]f]5@]“@355‘3.|‘]Jﬁ111‘|5ﬂllﬂﬂlﬂﬁﬂuﬂ’]ﬁﬂﬂﬁ”lﬂ"]ﬂ’]ﬁ\ﬂlﬂzﬁl@ﬂ’ﬂu ﬂﬁﬁluﬁ'l'i'l\‘l‘ﬂ 2.1

A19199 2.1 MFaved PS/2 Keyboard tazain 1a

Ardade laldsfdueta Hex Value
ad ad o
FLH ALLUDIA FF
= o o ar ¥ s -
Adueiandulihilu AA, 00 vimnnaTeLAUDA
dationulni FE
¥
Nﬂ‘l‘lJiJ typematic (autorepeat) FB, XX
XX 1111 scan code t?m%’uiju
Ed
A9A11J1 make 1A break FC, XX
'
A911]1 make FD, XX
E
¢T~aﬂmnﬂn typematic, make L8% break FA
Py
AR ALY make F9
k1
#3IA19N1|Y make 1A break F8
ﬁﬂﬁ‘iﬂﬂ'ﬂiﬂ‘ﬂﬂ typematic (autorepeat) F7
Ed
Fanniluanlna F6
FyY
#4A1 typematic (autorepeat) rate LAY delay F3, XX

Bits 6 1Az § (AU delay ( 250 ms 84 1 sec )
Bits 4 19 0 15114 rate (A “0"1ilu -30x/sec Ha A 17

15l 2x/sec )

g1 Adusia ID F2

Aduasana FA, 83, AB
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£l
A9F1 YA scan code F0, XX

xx il o1, 02, 50 03

Echo EE

1 23

faA1 AfUeTa LED ED, XX
XX 134 00000 scroll, Num, Caps Lock bits
1134 LED il uag 015 LED Tla

gadeanylini FE
o &

gosvaanuds lunilan) FC

fAfuBsa Mds Acknowledge FA

T
@

1 a o o 1 &
e lnufduesanauans Tungid

ADUAUBIADA 1S Echo EE
AflaTAR LI NATBUALIDA AA
= o =

AduasA buffer uINAL 1 (overflow) 00

2.15 Keyboard scan codes
a4 8 ¥ w - s A . = o F ok
aduasaumsdisalnd Taemsadadag (Key switch) Tutiainusaunasanaui 49
« T2 = of o @ 9 a a4 o A
noumzasauliaiuaumsrnadwaaiiosIaedud1svirvosndueia (Keyboard encoder) 150
.W A 3 . ! U =i z:‘; 1
“aunu” idaniguiermatuaeuiimsnfanalaseajy fayanisfduesaiidniueyniw
ar = L = o a g4 ar 1 1 o o o = o dﬂy
fanoufunes mnaduaiavzlsmIrunusva udaztjuuufdvedalisHmmwizuuNugIUveY

= @ 4 | Wooat
wasnuaduazaeduiteauas o Nz IZYLjuNgNna

» 1 '
ANULANAIIHAIYY HLVYBan T aunuIan 1dTuedfurilavasddunianly psn

UG
] 1

4

= @ ' - I U | A A 3 A A
Keyboard Hya0371ia0g 2 ¥ Taugaiimsudunazgnaan1vasiinms 15am sndunsdnszuy

o LNy

- ) S AL A g sk A o o = = o T o ot o
rauiuneidemddsusaialFlunmadonydids dndnaui unefozdidida llishduaiaday

o_ ar

a ) wo oA w A oo @
ﬂ"laﬂﬁ"ﬁllﬁ%i]u‘ﬂxul‘ﬁ“liﬂﬂ’llﬁﬂﬂiﬂﬁ LWB%&ﬂizﬁ']uﬂﬂU@‘iﬂ

2,16 iﬁﬂﬂ%’”ﬂl!ﬁxiﬁﬁﬁqm {Make and Break Codes)

ar

AfueTarznsnnganiveasianiie (Make code) azIHanyn (Break code) SWHa 1902

L
T T .

gndaynnsaihjugana iiletugnilasssWangadszgnds luiud dmsudjunalasun sHavga

%
1 at

Suezdoyaiiaududosia Fo udamudaesiaadis dmfumsddudasadalifindadainion
sk Sl E faznatude T deuflvzaldesiuusniinaey Famsldnsdduwutl szuues
musaven’ldinulagnnaegnielildna uas lunsdifidnsaadunndmilajuiuezansed
Iadifuinugnilaesuds Fretraviaveansdiife iWenatly shit §1913 udanatu 3aasiiee

o ' i o o v | o = P @ EY
pouAuBINAMTIUM ' imuRazoamihi 3 Fuaaldh SnatuiaBeedmdimsduaaaiw
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]
~ o

1 ¥ A 1 o o=y . @ 3 1 & el ] w e
9613970110 9H 1 INAINAN (typematic rate) dUATRTjuiugniasy Fuilunauderiufuis
nyagna

2.17 naaedudayauuuoynsHEIUND N PS/2

w
o =y o

@ a 1 ' T 4 i = = 4 o
mImupuTIRangadunegsnatoanyaa: 11 dalumedeyadesfian evisddussa
= A1 R e Py 3 \ ' o
uaznauRunedian doamsfozdedoya modeyauazatu Clock szagluaniuzge (k)
w e g o g r 4 4 o & do 3
Adulugdh 1.1 mygsdeyavesijus nilmSeaesmdweosginiaidendn
145 uAu (Start bit) “0”
Fy = =1 ar ] 6 o =& n' . .
2. daya 8 Tanyiiavestulugdvesdidutiagilags (Low to high bit order)
L) 1 =) S A
3.4 Parity bit 061U Toya 8 TauanA parity bit upuiryvaKile
4. flanga(Stop bit) “17
' g v ' e s o
nszuaunsde liliidhuwgmsalseniunisdefidlasdduaia
o o 4 o A L | 1 3 . 3 19 . : £
1.aduaiasain Idui19791%3 Clock 1o data line agluaniuz 1aiha1u (inactive) Favzrusany

] ] Fy g L) 4 . = o 4 =) 1 . o Y . ]
Nogluaomsga diviagogludaius inactive Rdussaszima vuas start bit Taun15%114 data line ag

Tusaiue
¥
2. imiufduesaozilans 1R Clock line U low 1521181 35 us.
¥ (]
3. miuAduesaszaen Clock miveg 10 bits AvA31A13AI152010 70 us. ABATUIAINBA Clock
=N o o Qs 3 iy !
Tﬂﬂﬂﬂ‘!.lﬂiﬂ%‘lﬂ"lﬂ'liﬂiimﬂ data line ILEY clock line

) r @7 . é ) *
4. AN UNDIAB DA UDIAD Start bit uaz Suyadeya yadayn 8 bits dsaruAy parity bit ez Tlaie

o

-
= o

= i (] ¥ ol s o
A0 high stop bit MAdUeIARDININIEdTeyaw ARl duszdasaudan bit 7 12 siuRdailu
start bit
4 o kv A VA o o () T S L y
sYupvzimshd lisunidduesaseinsdetoyaaiodu N9ahl Data linetiaz colck
line 9 AAUAA TN high state (inactive) Tu31I 10.1 fdueiaiinisda scan code 104 16 A5y
1)1 “1” Azl 0 parity bit
A yey & o o Y o = 2 e ad 4 A ogw
islims 14 1Aa Beaniuszdonisniosdunianinanuidvesadueiaio It
Tannsziunisiyeiio 18R Fast logic 11 FLEX chip tifo 15Aa i electrical pulse gaaaliunme
1 2d A= .3 = LT = a 9 = - o my
anuimaniifaiuuumeszinalimamssuniu uaziina ldinemsaziounduningaduga
VB9 U9PS2 Aduofauazundinsariounduues pulse Uuaamiiafius woivgih 1dia
addition clock UU clock line
Fnildlumsudlymarsazounduvesiod Pulse 18 Tnomstiou dayamPs/2 clock
(1113) 1w 8 bit shife register Tav14 clock 25 MHz uag bit ¥94 shift register Whdeiu wazlsain la
110 AND gate WAumouny clock AMUMInsaaNnda Hezileatu noise uas ringing UU clock line

VINNAYDY clock ARNTUTEH I TUBEU serial TaiTlu parallet 11 FLEX chip
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e LML LU UL

(=]
Q
—-

/ 0 1 1 0 1 0

Start i
Bit=0 ’ 8 Data Bits in Low to High Order gfjrfopa"wg.g

Scan Code shown is 16H for a “1” character
which is keyboard key #2

319 2.35 guuums dadayaves Keyboard

< 8

auazundarutiosfisshaulavisiroindingss clock e Tasa gy

=¢
(]
-
e
=
zn
=h
i
=
2]
aft

s g ’ &

o 1 o as @ e o T 1
WElim MU A uAInT0¢ clock uazﬁm’mmwuﬁﬂumwm:‘Vma

=)
[l
=
)]
)
2
)
ES
=
pu
=

¥ ) '
H |
» '
i v
i .
|
*
i

/ 0 g 1 i

1 1 1 1

Systern Dala D o}
Ready 8 Data Bits in Low o High Order i B”*Yg;@i’
o Sendai) Command Code shown is F4H i 1

7117 2.36 JUluuumsdetoyavotszuy deiidse i ps/2 Aduada

v A d

Aanwiulugiil 2.36 JUuuumIdveyAvaITEUUABLNADT W3B FLEX chip defda il
o =N o
fia Ps/2 Rdueia
[ ¥
153 uUU$1 clock line 11U low Uszutn 60us ifadudanirdadoyannodisves Aduasa clock line

ol =
Auuy 2 Hemng
¥y [] 1
2. szunazdlfumisdoyaiiy low nazsrminszidos clock tine tlofudyguildoyadimiy

= L4
AdLBIA

4 d o 3/ o = o o o = -] . - o o
3. Adyasevzead gl U 1FuR clock Nvanuuih serial bits TUAIH
4. 521192897184 8 U0 muA parity bit 11 stop bit
5. n#da0n stop bit 9zgnfuilu high medoyagnilasy

wnniduaasfiduade Aduedazdedanno acknowledge (ACK), FA, f11fuld5u

'
o _ u

] 1 a r =1 a ey
Joyamuyrel 17201 li1don data tine, AdvoTRrziimsad1a clock Ao lilowado, fiuasiidalil

v w o w ] 9 , .. . £
msdsdaaudidaluy, FE u¥e FC, lafase11 parity error ¥3® missing stop bit DxarTadayayad

1
e

Mdaalu
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2.18 %0 scan code 1131 PS/2 Aduoin
ps/2 Atuniaianldnmonniididnusdsiuiigniuiasuuty nssuiuns2 du
ABUARDINTNBNY scan code TJuntotaugalHien scan code nanuiautuiidesmsdmiy

3 { o ar a4 < o
1514 scan code Hunanalugii 2.37 dwmsvfduasaniwidngy

BRBHRERAH

ABEASHEREEENEH 6 R EARE
e GG GGG G E)
BB BHAHABGHB G (e L
-“@“@@Il@[ ’5“ ] ()= Joe}=
] (=) CIEEEC A

4 . 4
51 237 nuwiavTjuU Keyboard 10&314 scan code

] U [l - ¥ 4 ] 4 Y i
usiazijuas make code (ol MInANAZIZ A break code (Hloilavstju uaziilaniaisg tfugn
AR make code M8 é’uﬁ%mﬁaﬁau break code

o el o o

ané mm"lﬂmﬂﬂummwaiwmm scan

.
o

ioRtuesaEulFTu sean code uﬂwﬂﬂﬂlmﬂum
code BN F1 PC vedaiidaGuns niiterlsuATuesali199m scan code Au

usé Lifimsansoiy pC nszuMn BT NoINN $9 scan code ﬂ;ﬂﬂﬂﬁﬁwﬂxgﬂi% Taui'li
duiludoadsdidalddedfosa tuluataed 2.2 dmTuga scan code UnAidhuuun typematic (Ao

a ¥
199 n15 83 make code 1 9 TudAdlalimsnatiuma)

A1713% 2.2 scan code 1Y PS/2 AfUaia

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

1 0E FO OE 3t 1C FO 1C 90 77 FO 77
2 16 FO16 32 1B FO 1B 9l 6C FO 6C
3 1E FO 1E 33 23 F023 92 6B F0 6B
4 26 FO 26 34 2B FO 2B 93 69 FO 69
5 25 F0 25 35 34 F0 34 96 75 F0 75
6 2E FO2E 36 33 F0 33 97 73 F0 73
7 26 F0 26 37 3B F0 3B 98 72 F0 72
8 2D F0 2D 38 42 FD 42 99 70 F0 70
9 2E FO 2E 39 4B Fo 4B 100 . IC Fo7C
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10 46 FO 46 40 4C Fo4aC 101 7D FO0 7D
11 45 F0 45 41 52 F0 52 102 74 FO 74
12 4E FO 4E 43 SA FO S5A 103 TA FO7A
13 55 FO 55 44 12 FO 12 104 71 FO 71
15 66 FO 66 46 1A FO 1A 105 7B FO0 7B
i6 oD FOOD 47 22 FO 22 106 79 FO 79
17 15 FO 15 48 21 FO2i 110 76 FO 76
18 ID Fo 1D 49 2A FO2ZA 112 05 FO 05
19 24 FO 24 50 32 F0 32 113 06 FO 06
20 2D F0 2D 51 31 F0 31 114 04 FO 04
21 2C FO 2C 52 3A FO3A 115 oC FO0C
22 35 FO 35 53 41 F04] 116 03 FG 03
23 C FO 3C 54 49 FO 49 117 0B F0 0B
24 43 Fo43 35 4A FO4A 118 83 FO 83
25 44 TF0 44 57 59 F0 59 119 0A FO 0A
26 4D F0 4D 58 14 F0 14 120 01 FO 01
27 54 b 54 60 11 FO 11 121 09 F0 09
28 5B F0 5B 61 29 F0 29 122 78 F0 78
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