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ECG Monitor with VGA
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Education Year 2002

Abstract

Nowadays, the process about designing the circuits with FPGA is going to be useful and
more popular. So the FPGA and the behavior description language via VHDL are used to design
an ECG Monitor in this project. This has a benefit in decreasing the demand of import ECG
Monitor. By using the VGA Monitor the cost of product is very low. Howeve the designing of

this project should have the performance for operating.
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ueralaena 113 2 dszinn Aeuashenomuypiuounu(visible rays) sozuaINaiga
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FHundaoumeaduwitdn Wi ualianudinSeanuenatuendniusenly diuves
& ] =4 St a a . P d" <A 1 & [
aduuiman i fitiaulveswusiinos(monito) Nuaateeniiil AfodILYDIRRULY
o & 24 4
wman i fuyydaunsovsariulddsiianuenatulszina 380 wluwaswuds 780 W
1 =1 dy o N -
Tuwas uasiveuduilvziifaweanpdldnnuddn 2 dsznsfo 1 anwidniwersd
' 9/ = A N 9 a . =Y
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3.3 MSHaNIAEN SN
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a o z 12 5 § o a =K .3 aa a
Yo 99ouDIADI Y 92l umsHer U F(primary color) oM MRauaadA eIy Gndluwid
dyw P= 4 ] a a ¢§ o a a v 0 =\
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14
1. Fune 2. 810102 3. 08U

Cyan + Magenta
{color ig blue})

(color is black)

agenta + Yellow
(color is red)

Cyan + Yellow
(colorig green)

Reflective colars ar the colors of inks.
Primaries are Oyan, Magenta, and Yellow and
allthreetogetheradd up to black.

5107 3.1 MSWANFUUY Subtractive Mixer

Blue + Green
{colar ig cyan)

Red + Green
{color is yellow)

Red + Blue
(color is magenta)

Tranemission caolore or the colors of light.
Prirraries are Red, Blue, and Green and all
three together add uptowhite.

5% 32 MIHENTUUY Additive Mixer
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[s v [ ]
wasiifannuldveaud 1eimsnaassanueaduiuiueu Budinnane
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9
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9 ]
(Monochrome) 1ag99d (Color Monitor) Vugtiusenmaideniuliiluiteuldiy
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ApuTiuass mneedlmanizauRn ooty dauntoyldifesed Teoutieldsmiu

3 9f52inn AB9eEIUO (VGA = Video Graphics Array) LL@_‘:%G?’( Super VGA (SVGA = Super
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Video Graphics Array ) #a¢9® LCD (Liquid Crystal Display) f?iaﬂszmwﬁﬁaﬁﬁswmuwamﬂ
son i 18uanuiloniudlegiufose svGa seannfistanliuwanmin uazmingdu
Application ﬁaaﬂmm“lﬁﬁmmmmimmmmwmv’?{ﬂ ‘uﬂﬂmﬂf{ Application szinn
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#1dviaend
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a o Qg o ' o a o
Voltage) nounszdulididnaseunelunasaninuands Bianasoudsnanezildifiad
uersdianasoulinsedunindeaiasaninueguunasanin eveanesagnszquan

ad a 3 A
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Anode
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Deflection
Yoke

Phosphor

Cathode Coating

1 Light

Etecton
Beam

fMonochrome CRT
514133 Tns903199039%09A Cathode Ray Tube

woanudlalumsdufiafaiunin dudvusnsideudilenszurumsadienmunin

NaDANHADY TUANUATMVGA (VGA video signal) Hdiuisenovvesdyauidify S
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doanm il 2 dyorandlussaudyanauuy TTL Logic Udynia Horizontal sync

s

v
(Hor sync) uagdfuaial Vertical sync (Ver sync) faygiaia 2 9zgnldlumsididanazvesnm

[aeY]
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sunuuTaea lusese VGA szimualdvuiauiasigiuuesdiuiu Picture Element w50
Pixel Huuaiiu 480 x 640 Pixel TavlAu191nd1uanuervesuuIvou(Horizontal Row) aaifiy

Y
o L o & & -~ o d'
PIUIUNANVBAULUIAI(Vertical Column) "Nﬁ'lil'liﬂﬂﬁ‘lj'\ﬂﬂﬁiﬂ‘n 35

479

41 o - a -4
Zﬂ’ﬂ 3.5 WA UIUYDY Pixel YU 480x640 YDIDUBULIADT

v .
Tumsnnadyanauaa Pixel 1 dygia RGB seulfsuavihlhifedlundas Pixel e
dnfuiioussguilsziiaiiumuwosnun
¥ . v
mInnadayaumwadu Horizontal AIuAnGnd 0 9uds nanhl 640 szvinldifn
s o 4 (- a Jd o s [ o
Fyau Hor Syne $niau 1 dudieflunisdedygnuldseueiimesinsazdanduyesd
SidnaseulUSufidwumus o Ins uaslumsSuduunrlnimediy Vertical Huunan 1 1oy
Asaetandurisymsanamuinussiiaunsenednus  (Horizontal, Vertical) U
v v ]
(480, 640) ud19ouotineszdedldsudyana Ver Sync 1 a3e udmunmsaziaeesui
o ] v 0 4 C% S . 4 ] [~
f1umi0,0) Inglusenedinsaziavziidaain Blanking e lieenwiialailiimudu
a ' ; a ‘é ] a =14 a o a q’/’ ]
vifauaziiusuil lounadunn Swdaz 1 3uH 90Up1HINDS VGA 9LNANIH 60 ATIAD
. t4 T
S1u(Refresh rate) waz Wins@INN 30 aseIuitiosnndesmsilimuesauuesli
(=1 a 1 & a a « R A
Wumsnsensulu udaz nw(frame) Femunan ¥ lumsifaudag Pixel fio
sy 1 Frame 92 1881194 Pixel = 480x640

= 307200 Pixel
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lu 1 JurfiogiRaFrame Hanua = 307200x60
= 1843200 Pixel
Fotilu 1 pixel 921 lumsie = 1/(1843200)
=54.253nS

' 1~ P Aa
uasladszanalgnainaniu 40 ns Feve 1danudnldseuranadiy 25 MHz

0,0 < 640 Pixels in a row > 639.0

480 Pixels in

a column

v
0,479 639,479

/

A
vavvvvﬁv YVYYYVYYYVYVYYV

511 3.6 JUBBUMINIANIN

Y
wasgveana lumsaedygunadygan Ver syne 1oz daye) s Hor syncozising

[

131N 3.8
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480 Horizontal Refresh Cycle

el T N
I TIITOVOTOTOIm0. ]
—HM b=

Vertical Sync Signal Timming

) pmm—y P ;11 > 25 1TuS ————Pfe—— 03508 —>
— |
3.77uS

< 31.77uS >

Horizontal Sync Signal Timming

51/ 3.7 muna luntsadiedayayins Ver Sync wag Hor Sync
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4.1 mAluladASIC
] ' a [ ('191 s‘d‘ [ J [ Puy
Tuganeund3Iy 1970 gaaMnssuiiaouannes agniqnnaudmiurainnm
= a A S v o < o’: = =1 A
finmsszaviaeessamie ledmusndiSe TugausminleBvuatnnie SSI (Small-Scale
Integration) szneyldrunnataeadninuliinmin Wszunm 1 89 10 &) dewnldiing
. 9y
MulSuavsunnasaesanasiefsunieasinlduniusudiu MSI (Medium-Scale
) v ey A I
Integration) M3t ot ledereiiivssuiniiayaves LSI (Large-Scale Integration) &9
v b 4
Gugaifimsadielulas lsemmesAausniu oz uilagiuilugnues VLSI (Very Large-
2 e
Scale Integration) dunalulndlunsadledzambsuausaadiclulaslswmaes
VUM 64 D@ TEnuteauSuastumilsdauneatiamaasveslidndwenl
. - o ! 2 A % 4 d' -7 P=1
(Floating-Point Arithmetic Units) saagmuludafii uazitiosnnnmsdivijamalnladves
g/ p=" Ao ' ' A o 9 A P . ad
nssUIumMsad s e ainwetisso o IvnavemIuSaeesnussgegneluled
g A Ao Yo 5 A
yuadnas oo suuau lanmnie lugijulei1n ULSI (Ultralarge Scale Integration) (WO
¥ onseauveslodluilegiu udaudivnndaintisnGonigaud VLSI
samstsngdves VLS lusranmassy 1980 iliamnsGuiinesnuuylod
9 v & 9/ a A 9/ = p=1 (]
aunudemisvesgnas sy nuiz ssusnmiioninms 1 lednasgudissedng
a = . dyd o * . - r A . & o v
fen Taoledmaliineeisenan ASIC ¢ Application-Specific Integrated Circuit FIAIDYINYDY
AsiC Burswloanlddmiuanmuouaunald aafien uazdniimeluussedaolulns

Y r'd a 4
Nswaes fiuglnsainaaingun

4.2 UszaAnved ASIC

ASIC mjaﬁ‘]u 3 ‘ﬂﬁzm‘mﬂﬂj"] Ao Full-custom, Semi-custom {9¢ Programmable ﬁ%gﬂ%’dl 4.1

4.2.1. Full-custom
<y

o a 1 o o A 1=
ASIC ﬂs:m‘anﬂm‘o:ﬁ‘lué'aammmmaaamﬂ (IFU HDUALNN BBINTT UDALNAN

Jd a < [ @ o @ Pt < LY ) o
YD T LLﬁS’NaU‘V‘Ia’E’]U) Ltagaﬂﬂmi’,ﬂ'ﬁ%ﬂ’JNQﬂﬂimﬂuﬂ’ﬂﬂ“ﬁi'J'i.lﬂ\‘iﬁu'lﬂ"lﬂﬁ'lﬁiﬂﬂ’!ﬂﬂu
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1% [] Y
s ionaratiesums (Mask) meq AlFummledies dniumldnelunsesnuuuung

AMIHARIZIUNA

Y

Full-Custom

| Programmable L

17 4.1 1lsznnyes ASIC

4.2.2. Semi-custom
= Jd a " 9/ =
ASIC ﬂszmwumaaaaﬁm%zQﬂaammmaﬂ’mammﬂugﬂLm‘mm"lamwsu,az
9/ 9 ] (v 1 =3 dy 9 1
ﬁﬂﬂ'li}&‘ﬂu@@’é)ﬂwﬂﬁ Mask @189 B3 mamwm%cﬂﬂizmwu'lmm Standard-Cell-Based

«u

ASIC 1ta Masked Gate-Array—Based ASIC

4.2.2.1 Standard-Cell-Based ASIC
I c:’ dt!:’ A o [ d a & Yy g
Yoddsenni e iiuRd i uSanuwadasinaTugagreenuuue ILd? Ty
& < 3 -iy ° @ 'i‘j A Lo 3
yansawadas g srgminndssneufuihuyailivinalugyuieni Megacell
Y )

ﬁm%”‘umsaamm‘uﬂuéaammuﬂzﬁnﬁmuﬂﬁ"muﬂéiumuwmmaﬁmmgmt,mzmsn,%an
] ' 4 o « g 4 1 Y oo ' 3y ¥
somsluredazmadyiy udeselshawadaen marausanidumislaq Al

1 aa v o 3 q’/’ @
uuuwumwla%nanau UUANUWANUNYU Mask ‘I]SQﬂ"ﬂﬂ'ﬂ\?ﬁ’]ﬂﬂ'ﬂ“&laﬁﬂWiﬁl@Qé@@ﬂu‘UU

4.2.2.2 Masked Gate-Array-Based ASIC
t4
a A =t a J @ aa ]
oayiianorinsuamaoinionngnaiannludnyuzvesezisdao slify Y
aa 0 & ¥ o [} 1 g
nlesFanen uazdeanuyuiziimsvenuuy Mask wolddmSufimuanisAoyouYd

NIUTAAD AT AL
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4.2.3. Programmable
3 I3 a v L o - vo‘:
ASIC Uszinilvadasinizgnesnuuy 1 IReuEHRINY Semi-Custom UATHYD
' b d
Mask 2 liamnsan)asuutlas ldmuanudesnsvesdoonuuy  ledlszaniidauisenn

2 vilnde Programmable Logic Device (PLD) llag Field-Programmable Gate Array (FPGA)

4.2.3.1 Programmable Logic Device (PLD)

= 9 2(’ 9 a [ 0 ﬂ &~ o,ll a

Hlaserdemelwiunesiiugumeduaetnaenuegilungualinessaouiing
3 i - = S u o o =~ = g ¢ P=1
14 (Combination) UaLHAMFYA (Sequential) FMIumA T TaB¥D 19959 190319 PLD 921
14 1 4
#13 TTL, ECL uag CMOS auauiming auveuaazseuy 1od PLD nnwilalindanmsiu
guvoatsmelufimiouiu Tasiaesnoudimduiidiunagusiuuin (Sum of product)

4 ) Y o 0
Usznovlddegaueaupudinndaiufuaadian uas lums Tusunsuezdiunsidiand
a v u a i : o b ao
sunnmeluvessudnniudygadunnlatehzdesdedeiu Felinsnnameuenuay
o [ v a 1A o [
dugnadeundunnevinnawlues wu MirededuynystessinniuENNDLBUA
9
- a [ v a v C4 Y] v v

nEaaee  dwmsums lsunsumemeaiiuaurnas 1ogunsal nAdIIzgRderIY

@ T @ P [ o =3 Y o e‘/‘ Qy °
Hadiddundedagm Fed lidesmslddyanalanezdaradaniuge dliaunss

9y
o a a a k4 o

Tdsunsul@ifomsufes lod LD vwwiialdueansmugamesunuiidiliamsa

Tsunsy Taeldnszualvth wazaunsaavudallsuasudnldlnidldaa dwmsuladlu

Aszna PLD 18uA PROM, PAL, PLA 40 EPLD

4.2.3.1.1 PROM (Programmable Read Only Memory)
1 o & s T i) a Aé té
PROM fontiseanuiinlszinn RoM daiuduiiule® PLD wiiantiedansesnioiy
) o s o o o v %
199 PROM 152001 11a002150989401Ua1AZBBSIAN (ARd - Or Array) HOONTNVIAIAUDIN
wnannsauaas 18 uaunsve s FuragusamuIn (Sum of product) Yo nNMBUNNY

YULDALA T T
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I3 I, Ty Io

o 0 o 0

r * 4 ¢ Programmable OR

Array
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)
= 17 N
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Fixed AND Array

03 02 01 Op
~ o =1 = ‘
31N 4.3 anyuLyes PROM dioulSsuiouiiuneeslugdmagasivuon

~ @ Y 3 s 4 a
s 4.3 uﬁmgaaﬂ‘gmzmsL%‘mau@uﬂLﬂmmza@‘smwum PROM 9411 16x4 YA WNITNW

a

'Q I~4 ¢d' o
Sudhoougailiueudinnezlinagn (Product) veansdinBuwmiu 0000 ueudnniiogin
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asmituraguussnsaifiouwndu 0001, 0010, ... wdsdrdsgaRonagulunsANBUYY
& o o Ado a o a1 A Py o " o n
Sy 1111 Fedmsy PROM Aildmaudunm n drezfidduynidulyidimuawiny 2
b 4
" a A\l Qs A\l 1 A 1] 1 1
wazABuRNIMATirgaianeeg ludruezisdues AND Felimusaudlvla udludauves
oA Yo Y A Sy =
oR wwdudanfioyanalishms Tdsunsuld waziiesnnnishiaiu AND 409 PROM Hims
a [ a d' slu‘" [ o,/l 9/ < to £ -3
apudnduvounnidulyidimua duiudesnuuuteliduudesiimaagdues
<o a g T ga o 1 d” o ya o = et
Hedgunednfivenuuy iy udehalsiamsnsziuguiionsihiifaduauesit luiiyse

a a o v A 9
AnsnmiunnuuaIdn la

4.2.3.1.2 PLA (Programmable Logic Array)
o ' 2 A Cwye Y
Snavazieuvee PLA deansa lsunsumstiyeuds 1dnmedu AND wagau OR
o q Ya A ' ] o day o A d Y W A
i iianutangulumsFumn udeds sadedenmiu ldedndauyes PLA Aoany
0 wva a { 4 [ A .
geonniumsadis unzqaauiamedhuanus Wasauiiosnndyuezdecisdiueziss

Y83 AND tiag OR

o Xt o X2 X3

0}4

O

]
%

e
-—T

3.2 .

l

AND Plane

v 14
51/ 4.4 2993AUg U0 IUYDI PLA

4.2.3.1.3 PAL (Programmable Array Logic)
PAL Tianwae lassadrenlndifosny PROM uag PLA w10 uan1s 11s5unsy PAL 92

) Y A 3/ . 5
151 IAeeA I AND 1
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AND Plane

1 v
511 45 2eesnugIuneluves PAL

4.2.3.1.4 EPLD (Erasable Programmable Logic Device)
gl o 9y e’/’ P o [ o
EPLD iffuginseifanniasiims Ilsunsuldnatenssdanmgdmiumsiiees
Aunuy dmSumaluladnldlumsadisezmilonsy cMos EPROM doldusa
a ¢ A 1 1 o a o cial 9/ o a o Y
NI UTAADSIFDUADIL NIy IMBURNN AR IMSENUNIS [ duu L@y v
ansaldsunsumsdedsssmelugdnsaidroms e dihawsnandmuald wezould

TaelFasdandr i lomnmierugsaninA19nI L aNVBIAITN

4.2.3.2 Field-Programmable Gate Amay (FPGA)
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VHDL 911910f171 VHSIC Hardwarc Description Language (VHSIC : Very High
Speed Integrated Circuit) Lﬂumyﬂﬂmﬂsmzﬁuqa (High Level Language) Alddmsuns
pRNUUUEISAIS Tz UUATABD AaveIn I T LITaUsSBERgAnssumsthanugilves
o w 0.’/' P 9/ 4 d"d -] b4
AUFU (Hierarchy) wazanunsadieu lavansgluuy Aemaraiiseinliam vapL dlu
4 a4 daw g d a 4 g 2 g =
nosiion [geenuuUALEYUARNUNER AD taanufanszudilym adldiazdusddy
Y a v o g Y o o o
ADUYBINTTAI W NITITY uazdmunda lemalidemns lARannuaz Sassmsinuyes
S o U o o ty o X! =K P = as
stupulendumsimauvesiesesdul TastlidesiiilsteswaziBoamnetulas
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?(%H\?'J\i"ﬂi%?ﬂ usnAYU VHDL mﬁ‘lumymaunﬁuuanymzmaq VBT UUATABA

5.1 83A1/52NOUTUFINYDI VHDL
9y ]
sduunnugwnlslumsyssooiesalseasuves VDL zilszaoylidedau
AMuANSEBUAD (Interface) Loz dIUAMUARNHAULIFI01TAONT U (Architecture) AIUTAS
a & ' 159053355152 D) P v y A ¢
Tugdh 5.1 Taslumsussonoms Fenaosdu AuAef1d1 ENTITY udamudiosovesess

J o ¢ @ =1 J a [
ﬂszﬂaumﬂuumuﬁwmﬂ IS L!,ﬁﬁ‘,i’lﬂ‘iJ'l%ZLﬂuﬂTiUiiﬂ?ﬂﬂdWﬂi% N1IAAAD

ENTITY component_name IS
Input and output ports
Physical and other parameters

END [component_name] :

ARCHITECTURE identifier OF comporent _rname IS
[declartion]

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

END [identifier]:

< . 4
U7 5.1 mstmuamaieunsuaraniilasnssy
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BEGIN iludu'ly

5.1.1 M3AINUANISITONED
o A N 13 v dys/ o
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4 o 1 a 1w 4 4 v o ¢ = £ =3
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Yoy T LI UNNUTBID RN wag BIT JumMsuaatiaue19oya

CLOCK
en —p=  APackaged ———m clk
Component

ENTITY clock_compaonent 1s
PORT {en :IN BIT.ck : OUT EIT)

END clock_nare;

1% 5.2 ven lavzunsuasMs VS SENENSEENABYBY clock _ component

5.1.2 Msmmuagduuunisussey
FY= ° % 1 s &
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dmdumsusseneluFmganssy wozmeluluswaimuald periodic Hudunlshtisrisy
Fuiihu »or Srdayana en Taudlu 1 szshlE s periodic gnaBUNALLYT (complement)

T Yo 2 (% '8 o v o o o 9
uazdem iy ok Fududoanmeniyn wazdmiumds WAIT sediumsimuald

[ I

doyonadiaunawiny 1 lulasui

ARCHITECTURE behaviord OF clack_cormponent IS

BEGIN
PEOCESS
‘YARLABLE periodic : BIT = ‘0%
BEGIN
IFen='1' THEN
periodic := Not pericdic;
END IF;
ck<= periadic;
WALTFOR 1US,
END PROCESS;
EMDbehaviord]

51171 5.3 115U VTN ANTTUVBA clock _ component

5.1.3 Mi8M5eRAULULRALAT
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szuvasaoa csany 13l douvesufinmne FanensesnuuudaIeg Wy vilensesn
[ (] =1 4
WU Entity Hiasmseanuuuaaaonssumie nilosmsoenuuuiinnedug aunsaisen
9/ U ; vy ¥ Q‘I‘ a AQ o o A o v ]
Foyamari lWlF1d uennmivasiswvhfiuinnaenmtigluuy nasguang wu
' g I {
gunsalnasgu sy ledaszaa 74xx Wudw) vunuliluglveswminng Annauaunsa
= < [ ! <
Whaeld awdnauduRamneszuteeenidly 2 d@ufe msdszmeuinng ( Package
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5.1.3.1 PACKAGE DECLARATION
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PACKAGE package_name IS
Prckage_decfarative _part
END package_name:

717 5.4 Taseasreim llvesdaumsalsemsuiinng

5.1.3.2 PACKAGE BODY
‘& Q % Q Q" H % o .
Tassadedetlsenoudioiauniden l9us soreRadsumsiauyes Wsunsudey
3 é 4 0 : T =1
Wanane eyeveallsunsudeniug lagmlszmaludrludruvesmsiszmaunning ez
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PACKAGE BODY package_name IS
declarative part
END package_name;
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5.1.4 ¥HI8N1500AULY Configuration
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COMFIGURTRION identifier QF entiry_name IS

Contiquretion_declarative_pard
END ;
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TYPE byte IS ARRAY (7 bDOWNTO o OF BIT;

PROCEDURE byte_to_integer (ib : IM byte: oi + OUT INTESER) IS
VARIABLE result: INTEGER =0
BEGIN
FORIINO TO 7LOOP
IFib(i)= 'l' THEN

result = result + 2°%;

END IF
END LOOP:
oi := result;

END byte_to_inteqer

51041 5.7 M3 19 IwsFroes

FUNCTION f (o b, c:BIT) RETURN BIT I$
VARIABLE x:BIT:

BEGIN
x = (NOT a) AND (NOT b} AND ¢}:
RETURN x:

END f;

s/ 5.8 My ldendu

5.1.6 ToloSi5im03
AMIUTINEFanganssuluniy VADL fiddutunisvie lewlesismesnisansn

a . o s do o {
wazAtiaMmaas Aol NunaeHaAina ludegiy 5.9



LOGICAL OPERATORS : NOT AND QR NAND NORXOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN

RELATIONAL OPERATORG : = /=< <=>x
OPERAND TYPE: awtype
RESULT TYPE: Boolen

ARITHMETIC QPERATORS ¢ + - ™/ ™ MOD REM ABS
OPERAND TYPE : INTEGER REAL Physicadl
RESULT TYPE : INTEGER REAL Physicadl

CONCANTENATION QPERATOR : &
OPERAND TYPE : ARRAY of oy type
RESULT TYPE : arrayof any hype
RESULT TYPE : array of anyhype

51J#15.9 AR WHuNI9 11 VHDL
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PROCESS

declarative part

BEGIN

statement part

END PROCESS;
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PROCESS
FILE flush : TEXT IS IN “filename.dat™
VARIABLE var : BIT:
CONSTANT n « INTEGER =0

BEGIN

END PROCESS;
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ARCHITECTURE demo OF partial_process IS
BEGIN
PROCESS

au

BEGIN

et =il &
IFx="'1'"THEN
perform action_1
ELSE
perfaorm action_2
END IFE

END PROCESS:
EHD demo:

37 5.2 v lamansgirlu Ty see

ARCHITECTURE demo OF partial_process IS

BEGIN
PROCESS
BEGIN

x«=a AFTER 10 NS
y<=b AFTER 6 NS ;

END PROCESS:
END demo:

317 5.13 waaamsnsei lu Ty s

sazezimua Bamslurudimdsdids PROCESS 3101 5.14 (a) namsdinieluea uazgili
5.14 (b) WUAIDHNMIVTITENIFOUABYDS D-Flip Flop dIu3UN 5.15 uradeamsuT IO

IFINANIITNYDY D-Flip Flop TasTugu 5.15 (2) Wuns iddnszimounn T swe uazgal
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[
~

 5.15 (b) Wumslddnseimoluldswe Tasiissmsvesdannn (st set, clk) i

nszdumsdjianumelulyswe

—

™ K Q ENTITY component_name 1&
Input and output ports
_ Physical and other parameters
—p Qp— END component_name;
S
(a) (b)

917 5.14 (a) A20679 Tasa D-Flip Flop

(b) MSUSTYIBNI5FOUABUDI D-Flip Flop

ARCHITECTURE behavioral OF d_sr_flipflop IS
SIGNAL state : BIT = '0%
BEGIN
dff : PEOCESS (rst. set. clk)
BEGIN
IFset= '1' THEN
state <= '1' AFTER sq_delay
ELSIF rst = '1' THEN
state <= '0' AFTER rq_delay:
ELSIFclk = '1" AND clk ' EVENT THEN
state <= d AFTER cq_delay;
END IF
END PROCESS dff:
q <= state;
gb <= NOT state:
END behavioral:

(a)

JUN 5.15 M3UITNWFINGANTINYDI D-FlipFlop

(a) N ATz RIMeuen T s
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ARCHITECTURE average_dalay_ behavioral OF d_sr_flipflop IS
BEGIN
dff : PEOCESS (rst. set, clk)
VARIABLE state : BIT = '0';
BEGIN
IFset="'1' THEN
state <= '1%
ELSIF ret = 'I' THEN
state < '0';
ELSIF clk = '1' AND clk ' EVENT THEN
state <= d;
END IF
q <= state AFTER (sq_delay + rq_delay + eq_delay)/3:
gb <= NOT state AFTER(sq_delay « rq_delay + cq_delay)/3:
END PROCESS dff;
END behavioral;

(b)

JUN 5.15 MIUITHIFINGANT IUUDI D-FlipFlop
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I I

System Specification & Analysis

~ Modeling & Sitnuiticer
Logic & Test Synthesis
Pre-Timing Yerification

Physical Design & Aralysis

\  post-Timing Yerification /
o
System Level Yeritioation
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] y
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library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;
entity bufferdata is
port( d0:in std_logic;
dl:in std_logic;
d2:in std_logic;
d3:in std_logic;
d4:in std_logic;
dS:in std_logic;
db6:in std_logic;
d7:in std_logic;
data:out std_logic_vector(7 downto 0));
end bufferdata;
architecture buffer_behav of bufferdata is
begin
data(0) <= d0;
data(l) <= dl;
data(2) <= d2;
data(3) <= d3;
data(4) <= d4;
data(5) <= d5;
data(6) <= d6;
data(7) <= d7;

end buffer_behav;

library icee;
use ieee.std_logic_1164.all;
use ieee.std logic_arith.all;
use ieee.std_logic_unsigned.all;
entity rgb_out_400 is
port(ri,gi ,bi :in std_logic;
pixel_row :instd logic_vector(9 downto 0);
pixel_col :instd logic vector(9 downto 0);

data in  :instd logic vector(7 downto 0);



red_out,green_out,blue_out :out std_logic
);
end rgb_out_400;

architecture color of rigb_out_400 is
begin
process
variable sum  :std_logic_vector(9 downto 0);
begin
sum := pixel_row + data_in;
if sum=367 and pixel _col<=512 then
red_out <='0";
green_out <="1';

blue out <='0";

else
red out <=ri;
green_out <= gi ;
blue_out <=bi;
end if;
end process ;

end color;

library iece;
use ieec.std_logic_arith.all;
use ieee.std_logic 1164.all;

use ieee.std_logic unsigned.all;

entity clock_400 is

port (clock 25MHz :in std_logic;
clock 400 :outstd logic;
in_freez :instd_logic;
clk sam :outstd logic);

end clock_400 ;

architecture clock of clock 400 is



begin
process(clock_25MHz)
variable count : integer range 0 to 85000 ;
begin
wait until clock_25MHz'event and clock 25MHz="1";
if in_freez ='1" then
if count= 62500 then
clock_400 <='1";

count:=0;
else
clock_400 <='0";

count :=count+1;
if count > 62400 and count < 62500 then
clk_sam <=0
else
clk_sam <='l";
end if;
end if;
end if;
end process;

end clock;

library icee;
use ieee.std_logic_1164.all;
usc ieee.std logic_arith.all;

use ieee.std_logic_unsigned.all;

entity v_sync is

port(clock_25MHz : in std_logic;

h_count :in std_logic vector(9 downto 0);

v_sync_out :out std_logic ;

v_count :out std_logic_vector(9 downto 0));
end v_sync;

architecture ver of v_sync is

signal ver_count ; std_logic_vector(9 downto 0);



begin
process
begin
wait until clock_25MHz'event and clock_25MHz='1";
if ver_count>523 and h_count>698 then
ver_count<="0000000000";
elsif(h_count=699) then
ver_count<=ver_count+1;

end if;

if ver_count<495 and ver_count>492 then
v_sync_out<="{)";
clse
v_sync_out<='l";
end if}
v_count<=ver_count;
end process;

end ver;

-—--hor_sync-—-—--- /
library ieee;

Library Work;

usc ieee.std_logic_1164.all;
usc ieec.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

entity h_sync_test is
port(clock 25MHz : in std_logic;
h_sync_out : out std_logic;
h_count :outstd logic vector(9 downto 0));

end h_sync_test;

architecture hor of h_sync_testis
signal hor_count : std_logic_vector(9 downto 0);
begin

process



begin
wait until clock_25MHz'event and clock 25MHz='1";
if hor_count=799 then
hor_count<= "0000000000";
else
hor_count<=hor_count+l;

end if;

if hor_count<756 and hor_count>658 then
h sync_out<='0";
else
h_sync_out<='l';
end if;
h_count<=hor_count;
end process;

end hor;

library IEEE;
use IEEE.std_logic_arith.all;
use IEEE.std logic_1164.all;
use IEEE.std_logic_unsigned.all;
library WORK;
entity write_meoedu320vl is
port( clock 1kHz :instd_logic;
recent_address:out std_logic vector(8 downto 0));
end write_modu320vl;
architecture write_modu_behav of write_modu320vl is
begin
process(clock_1kHz)
variable clock_conat 'std_lagic_vectad® downto 0);
begin
if (clock_1kHz ='1") then
clock_count :=clock count+l;
recent_address<=clock_count;
end if}

end process;



end write_modu_behav;

library icec;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
use icee.std_logic_unsigned.all;
entity pixel_row is
port(v_count :in std_logic_vector(9 downto 0);
video_on v  :outstd_logic;
pixel_row :out std_logic_vector(9 downto 0));

end pixel_row;

architecture p_row of pixel_row is
begin
process
begin
if{lv_count<480) then
video_on_v<='l";
pixel_row<=v_count;
else
video_on_v<='0';
end if;
end process;

end p_row;

library icee;

use ieee.std_logic 1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

entity pixel_col is

port(h_count : in std_logic_vector(9 downto 0);
video_on_h : out std_logic;
pixel_column: out std_logic_vector(9 downto 0));

end pixel col;

architecture p_col of pixel_col is

begin



process
begin
if(h_count<640) then
video_on_h<='l";
pixel_column<=h_count;
else
video_on_h<='0;
| end if}
end process;

end p_col;

library IEEE;
usc [EEE.std_logic_unsigned.all;
use [EEE.std_logic_1164.all;

entity read_module_edit3 is

port( pixel col :in std logic vector(9 downto 0);
recent_address:in std_logic_vector(8 downto 0);
read_address :outstd logic vector(§ downto 0));

end read_module_edit3;

architecture read modu_behav of read module_edit3 is
begin
process
variable read_add :std_logic vector{ 9 downto 0) ;
begin
read add := pixel_col + recent_address +1;
if read_add <512 then
read _address <=read_add ;
else
read_address <= read_add-512;
end if}
end process;

end read_modu_behav;



ibrary IEEE;

use IEEE.std logic_1164.all;
use IEEE.std_logic_unsigned.all;
use [EEE.std_logic_arith.all;

library work;

_entity wr_rd_contrl_edit2 is
port( clock 1kHz :instd logic ;
writc_address:in std_logic_vector(8 downto 0);
read_address :in std_logic_vector(8 downto 0);
address  :out std_logic_vector(8 downto 0));
end wr_rd_contrl_edit2;
architecture wr_rd_contrl_behav of wr_rd_contrl edi(2 is
begin
process
begin
if clock_1KHz ="'l' then
address <= write_address;
else
address <= read_address ;
end if;
end process;

end wr_rd_contrl_behav;

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;

use [EEE.std_logic_unsigned.all;

library work;

entity cal_heart is

port( data  :in std_logic_vector(7 downto 0);
en :in std_logic;

trigd  :out std_logic);

end cal_heart ;



architecture cal_heart_behav of cal_heart is
begin
process(en)
variable buff :std_logic;
begin
if en'event and en ='0' then
if data <200 then
buff :='0"
else
buff:="1";
end if;
end if;
trig0 <= bufl;
end process;

end cal_heart_behav ;

library IEEE;
use IEEE.std_logic_arith.all;
use IEEE.std_logic 1164.all;

use IEEE.std logic unsigned.all;

entity set is
port( incount :in std_logic;
setclk  :instd_logic;
en :out std_logic;
data_cal :out std_logic_vector(7 downto 0));

end set;

architecture set_be of set is
begin
process(incount,setclk)
variable count :integer;
variable enbuf :std_logic;
begin
if setclk ='1" then

count :=0;



elsif incount'event and incount ='1' then
count := count+l;
end if;

if count = 1 then

enbuf :="1";
else

enbuf :="0';
end if}

en <= enbuf;
data_cal <= conv_std_logic_vector((count-1)*20,8);
end process;

end set_be;

library IEEE;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_1164.all;

use IEEE.std logic_unsigned.all;

entity trig is

port( trigl :in std_logic;
trig0 :in std_logic;
en :outstd logic);

end trig;

architecture trig_be of trig is
begin
process(trigl)
variable count :std_logic;
begin
if trig]="1" and trig0="1" then
en<="'l"}
else
en <=0}
endif;;
end process;

end trig_be;
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library IEEE;
use IEEE.std_logic_1164.ali;
use IEEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

entity sec3 is

port (clk_25Mhz :in std_logic;
en :in std_logic;
preset :out std_logic;
set  :outstd logic);

end sec3;

architecture sec3_be of sec3 is

begin

process(clk_25Mhz,en)
variable ¢ :integer;
begin

if (clk_25Mhz'event and clk_25Mhz ='1") then
ci=c+1;

end if;

ifen ="1" then
c:=0;

end if;

if en ="0' then

if ¢ = 74995 then

preset <="'1";
clse

preset <="0";
end if;

if ¢ =75000 then

set <="1";
else
set <='0'";

end if;

11



end if}
end process;

end sec3_be;

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;
entity dataff is
port( data:in std_logic_vector(7 downto 0);
preset :in std_logic;
q:out std_logic_vector(7 downto 0));
end dataff;
architecture dataff behav of dataff is
begin
process (preset)
begin
IF (preset="1") THEN
if data < 200 then
q <= data;
end if}
end if}
END PROCESS ;
end dataff behav;

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.all;

USE IEEE.STD _LOGIC_ARITH.all;
USE IEEE.STD_LOGIC_UNSIGNED.all;

ENTITY count_xy IS
PORT(
Clock
countX,countY
H Sync_out,V_Sync_out

END count_xy;

12

1IN std_logic;
: OUT STD_LOGIC_VECTOR(9 DOWNTO 0);
: OUT STD_LOGIC);
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ARCHITECTURE behavior OF count_xy IS
SIGNAL Hor_count,Ver_count : STD_LOGIC VECTOR(9 DOWNTO 0);
BEGIN
countX <=Hor_count;
countY <=Ver count;
PROCESS
BEGIN
WAIT UNTIL(Clock'Event) AND (Clock='1");
--H_count counts pixels (640 + extra time for sync signals)

-- <-Clock out RGB Pixel Row Data > <-H Sync->

-0 640 659 755 799

IF (Hor_count>=799) THEN

Hor count <="0000000000";
ELSE

Hor _count <= Hor_count +'1";

END IF;

-—-Generate Horizontal Sync Signal
IF (Hor_count <=755) AND (Hor_count >= 659) THEN
H_Sync_out <='0";
ELSE
H Sync_out <='l";
END IF;

-V _count counts rows of pixels (480 + extra time for sync signals)

-~ <—- 480 Horizontal Syncs (pixel rows) --> ->V Sync<-

-0 480 493-494 524

IF (Ver_count >= 524) AND (Hor_count >= 699) THEN
Ver_count <= "0000000000";
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ELSE IF (Hor count = 699) THEN
Ver_count <= Ver_count +'l';

END IF;

-- Generate Vertical Sync Signal
IF (Ver_count <= 494) AND (Ver_count >=493) THEN

V_Sync_out <='0
ELSE
V_Sync_out <="1%
END IF;
END IF;
END PROCESS;
END behavior;
LIBRARY IEEE;

USE IEEE.STD _LOGIC_1164.all;
USE IEEE.STD _LOGIC_ARITH.all;
USE IEEE.STD_LOGIC_UNSIGNED.all;

LIBRARY lpm;

USE Ipm.lpm_components.ALL;

ENTITY messages IS

PORT
(
clock :IN STD_LOGIC;
digit_in :IN STD_LOGIC_VECTOR(S
DOWNTO 0); ,
countX,countY :IN STD_LOGIC_VECTOR(9
DOWNTO 0);
vga red, vga_green, vga_blue : OUT BOOLEAN;
col_addr_out,row_addr_out : OUT STD_LOGIC_VECTOR(5 DOWNTO 0)

);
END messages;
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ARCHITECTURE behavior OF messages IS
SIGNAL red_data,green_data, blue_data

boolean;

SIGNAL in_screen, in_screen_vertical, in_screen_horizontal

SIGNAL rom_mux_output
2 std_logic;
SIGNAL rom_address
: std_logic_vector(8 DOWNTO 0);
SIGNAL rom_data
:std_logic vector(7 DOWNTO 0);
SIGNAL col_address, row_address, con_row, con_col
DOWNTO 0);
SIGNAL pixel_col_count, pixel _row_count
std_logic_vector(5 DOWNTO 0);
SIGNAL format_address
: std_logic_vector{7 DOWNTO 0);
SIGNAL format_data
s std_logic vector(5 DOWNTO 0);
BEGIN

char_gen_rom: Ipm_rom

GENERIC MAP (
Ipm_widthad S,
Ipm_numwords == Sid)
Ipm_outdata => "UNREGISTERED",

Ipm_address_control => "UNREGISTERED",
Ipm_file => "CHAR_SET.MIF",
Ipm_width = 8)

PORT MAP ( address => rom_address, ¢ => rom_data);

format_rom: lpm_rom

GENERIC MAP (
Ipm_widthad =>38,
Ipm_numwords => 256,
Ipm_outdata =>"UNREGISTERED",

Ipm_address_control => "UNREGISTERED",
Ipm_file =>"MESSAGES.MIF",

: boolean;

- std_logic_vector(5
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Ipm_width =>6)
PORT MAP ( address => format_address, ¢ => format_data);

output : PROCESS(clock)
BEGIN
IF clock'EVENT AND clock="1' THEN

red_data <= (rom_mux_output ="'1");
Green_data <= (rom_mux_output ='1");
Blue data <= (rom_mux_output ="'1");
vga Red <=red_data AND in_screen;
vga_Green <= green_data AND in_screen;
vga_Blue <=blue data AND in_screen;
in_screen <= in_screen_horizontal AND

in_screen_vertical;
rom_address(2 DOWNTO 0) <= pixel_row_count(3 DOWNTO 1);
rom_mux_output <=rom_data ( (CONV_INTEGER(NOT
pixel_col_count(3 DOWNTO 1))));
END IF;
END PROCESS output;

video_display: PROCESS(clock)
BEGIN
IF clock'event AND clock ='1' THEN

col_address <= countX(9 DOWNTO 4);

row_address <= countY(9 DOWNTO 4);

col_addr_out <= col address;

row_addr_out <= row_address;

pixel_col_count <= countX(3 DOWNTO 0);

pixel_row_count <= countY(3 DOWNTO 0);

in_screen_vertical <= row_address >= "000000" AND row_address <="011101";
in_screen_horizontal <= col_address >= "000000" AND col_address <="100111";

END IF;

END PROCESS video_display;

format address(3 DOWNTO 0) <= con_col(3 DOWNTO 0);
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format_address(7 DOWNTO 4) <= con_row(3 DOWNTO 0);

VIDEO DISPLAY DATA: PROCESS(clock)
BEGIN
IF clock EVENT AND clock ='1' THEN
-- displaying "PERSON 1"
IF col_address >= "000010" AND col_address <= "001001" AND row_address = "000011"
THEN
con_col <= col_address - "000010";
con_row <= "000000";
rom_address(8 DOWNTO 3) <= format_data;

-- displaying "HEART RATE"
ELSIF col_address >= "010100" AND col_address <="011101" AND row_address =
"000011" THEN
con_col <=col_address - "010100";
con_row <="000001";

rom_address(8 DOWNTO 3) <= format_data;

-- displaying "ECG MONITOR"
ELSIF col_address >= "001101" AND col_address <= "010111" AND row_address =
"011010" THEN
con_col <= col address - "001101";
con_row <= "000010";

rom_address(8 DOWNTO 3) <= format_data;

- displaying "RATE(NUM)"
ELSIF col_address >= "100000" AND col_address <= "100010" AND row_address =

"000011" THEN
rom_address(8 DOWNTO 3) <= digit_in;

-- displaying "HEART"
ELSIF (col_address = "100011" OR col_address ="100110") AND row_address =

"001011" THEN
rom_address(8 DOWNTO 3) <="111111";
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ELSIF col_address >= "100010" AND col_address <="100111" AND row_address =
"001100" THEN
rom_address(8 DOWNTO 3) <="111111";

ELSIF col_address >= "100010" AND col_address <="100111" AND row_address =
"001101" THEN
rom_address(8 DOWNTO 3) <="111111";

ELSIF col_address >= "100011" AND col_address <= "100110" AND row_address =
"001110" THEN
rom_address(8 DOWNTO 3) <="111111";

ELSIF (col_address = "100100" OR col_address ="100101") AND row_address =
"001111" THEN
rom_address(8 DOWNTO 3) <="111111";

- displaying "KMITL."
ELSIF col_address >= "100010" AND col_address <="100111" AND row_address =

"010001" THEN
con_col <= col_address - "100010";
con_row <="000011";
rom_address(8 DOWNTO 3) <= format_data;
ELSE  rom address(8 DOWNTO 3) <= "100000";
END IF;
END IF;

END PROCESS VIDEO DISPLAY DATA,;
END behavior;

LIBRARY IEEE;
USE IEEE.STD LOGIC_1164.all;

USE IEEE.STD LOGIC_ARITH.all;
USE IEEE.STD LOGIC_UNSIGNED.all;
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ENTITY bin_te_bed IS

PORT
(
clock :IN STD_LOGIC;
col_addr_in,row_addr in :IN STD_LOGIC_VECTOR(5 DOWNTO
0);
binary_in 1IN STD_LOGIC_VECTOR(7
DOWNTO 0);
digit_out : OUT STD_LOGIC_VECTOR(S
DOWNTO 0)

x
END bin_to_bed;

ARCHITECTURE behavior OF bin_to_bcd IS

SIGNAL digit2 : STD LOGIC_VECTOR(1
DOWNTO 0);

SIGNAL digit1,digit0 : STD LOGIC_VECTOR(3 DOWNTO 0);

SIGNAL digit_2,digit 1,digit 0 : STD_LOGIC_VECTOR(5S DOWNTO 0);

BEGIN
bin_to_bed: PROCESS(clock)
VARIABLE digit :STD_LOGIC_VECTOR(17
DOWNTO 0);
BEGIN
IF clock'event AND clock ='1' THEN
digit(17 DOWNTO 8) :="0000000000";
digit(7 DOWNTO 0) := binary _in;

FORITIN 1 TO 8 LOOP
IF digit(11 DOWNTO 8) >=5 THEN
digit(11 DOWNTO 8) := digit(11 DOWNTO 8) + "0011";

END IF;

IF digit(15 DOWNTO 12) >= 5 THEN
digit(15 DOWNTO 12) := digit(15 DOWNTO 12) +"0011";
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END IF;

digit := digit + digit;
END LOOP;
digit2 <= digit(17 DOWNTO 16);
digitl <= digit(15 DOWNTO 12);
digit0 <= digit(11 DOWNTO 8);

END IF;
END PROCESS bin_to_bed;

encoder: PROCESS(clock)
BEGIN
IF clock'event AND clock ="1' THEN
IF digit2 = "00" THEN digit_2 <="100000";
ELSIF digit2 = "01" THEN digit 2 <="101110";
ELSIF digit2 = "10" THEN digit 2 <="101111";
END IF;

IF digitl = "0000" AND digit2 /="00" THEN digit 1 <="101101";
ELSIF digitl = "0000" AND digit2 = "00" THEN digit_1 <="100000";
ELSIF digit! ="0001" THEN digit 1 <="101110";

ELSIF digitl = "0010" THEN digit_1 <= "101111";

ELSIF digitl = "0011" THEN digit 1 <="110000";

ELSIF digitl ="0100" THEN digit 1 <="110001";

ELSIF digit! = "0101" THEN digit 1 <= "110010";

ELSIF digit! = "0110" THEN digit_1 <= "110011";

ELSIF digitl = "0111" THEN digit 1 <="110100";

ELSIF digitl = "1000" THEN digit_1 <="110101";

ELSIF digitl = "1001" THEN digit 1 <="110110";

END IF;

IF digit0 = "0000" THEN digit_0 <="101101";
ELSIF digit0 = "0001" THEN digit_0 <="101110";
ELSIF digit) = "0010" THEN digit_0 <="101111";
ELSIF digit0 = "0011" THEN digit_0 <= "110000";
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ELSIF digit0 = "0100" THEN digit_0 <="110001";
ELSIF digit0 = "0101" THEN digit_0 <="110010";
ELSIF digit0 = "0110" THEN digit_0 <="110011";
ELSIF digit0 ="0111" THEN digit_0 <="110100";
ELSIF digit0 = "1000" THEN digit_0 <="110101";
ELSIF digit0 = "1001" THEN digit_0 <="110110";
END IF;
END IF;
END PROCESS encoder;

switch: PROCESS

BEGIN
IF  col addr_in= "100000" AND row_addr_in ="000011" THEN digit_out <= digit_2;
ELSIF col_addr in="100001" AND row_addr_in = "000011" THEN digit_out <= digit_1;
ELSTF col_addr in ="100010" AND row_addr_in = "000011" THEN digit_out <= digit_0;
END IF;

END PROCESS switch;

END behavior;
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