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Abstract

This thesis presents the VGA monitor is used to display waveform via VGA using
microcontroller with any data received to display for any information. The information is registered in
RAM.

To VGA standard display visual information on a screen correctly — whether it is a CRT
monitor. The monitor need to convert the information to a sequence to electrical signals and send the
signals in and orderly and timed way to the display device. There is usually one sequence each for
RED, GREEN, BLUE and H.SYNC, V.SYNC intensity. The screen mode settings are general targeted
for three bit modes.

This project by using microcontroller PIC 16F877 number for interfacing information and

generated H.SYNC with V.SYNC signal pulses.
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Naﬂ'JG]‘l“]f!.ﬂalw@ﬁ51Qﬁiyiy’lmu@@'Lacﬁucﬂ1\‘1?1'J”IﬂJﬂ'J”N%@QWﬁﬁ‘Hi@V]LﬁUﬂ'N PWM Iﬂﬂ‘ﬂﬂﬁ‘mam

U
E4 4 T
% 1 =

= Y @ 4 @ dy
N33 muuﬂzmﬂwmﬂﬂmum 11a% 2 AU

o 4=
Trnamsianuvesluga Tnaesilyam
v W 4
1ruAn3299UT QY194 (Capture) Tnses 1
4
TnuaulSouifioudoya (Compare) Tnses 1

@ v ¢ o
Tnuaaadyanuanuneesiad PwM)  lnmes 2

2.2.2.1 msmanululviug PWM

3
TulnwatiTuga ccp azdulladyy i PWM A1NazBea 10 Ia dnyusyesdyIn

' '
I ~

4
PWM 52u9mmniimoidaa e PWM Aaisiusydeeonniawt CCPx nanmsadiadayayin

[ e

= dy
el
o 1 9 1 o 4‘ o @ ~ 9 ° v
1. S muam 1 unsvemmes PR2 iioMruanuna1vosdyy s PWM Hdsenisiivuan
a dy a = 9 A o Ll v o a A 4
a0 lania Taeleudeyansluitames CCPRxL saufuia 5 uag 41153amo3 CCPxCON
o 9 o [~ o s da A a PN o
2. fimua l¥iwesa CCPx Wuodyn Tasnanassin 2 v3ola 1 ves3aames TRISC
o [ o < a o o
3. A muamUSanames ves TMR2 tazdumdian1syinauaes nwes 2
-] Y o
4. fMvualn luga ccp nululnua PWM
w { A o 1 A 4 1T W { o a
vufin Tuga CCP (Fut19uA19v09 TMR2 aiMuAUIUMIAY PR2 NUIWBTH CCPx 4
a9 . 2 " KA s Y w & 4 a A a A
Aaa03n <17 LaTAITOIUZITUIN Y NEI9INTUAIUE TMR2 92iades nioufuiiua1a18 basinan
o 9 A I'4 1 @ = 1 0 a d‘
Amua 135 Taimes CCPRxCON vzgnmionea 118 CCPRxH wag 280 Tunitsanuiviery e
=} =% @ 1 =Y = o a & A £y A T [} o A 9 3
aSsudeudumly TMR2 wazalSamames 2 Ua Fusuaumua iniounssiuiotoyana 2
1 1w LY o 9 @ I~ a 6.9 o :/I M
aquiAu sdedgyga i lden cepx ndunuuasin “0” wazasaaiugegiruiinaunszie
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1 Y aSJI o a o = < a T @
A1v04 TMR2 Wi1fiy PR2 8nnse Awziadygiaasin ‘17 Hunissudusoninivesdygyin

4 3
mezﬁmmauwuﬁ%uﬂixﬁaﬁmmm@ma
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1w anl [ A v d? o Ao = dy a A e @ Y
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¢ o = § da o g 7
UsgTvmivesdynra PWM nadrediuiifie i ld1dlunmsaiuquanuiivesuomes v
AT4 AIVAUANNE VoA IinTeldlureasns Iiwes 19 lumsdSuusediu Tasdosiing
' Ao 1 A 4 '8 g ¥
A8I9ITNTBINNVAGIHIUNDIANAVBIVINDTA CCPx 1Tl UAY
2.2.2.2 MINHUANIUNAIVEITRINA PWM
o = Y aa J a J 4 Y
ansamuua lasms@eudoyanslusimaes PR2 Gidwesmuna1ved lnwues2) 1an
11A1U89 PR2 1NAMUIMMATUNAIVeIT eI PWM IRangas
[ T Aan 4 ' = 4
AMUNVRITYY I PWM = (A15901A0T PR2 + 1) * 4 * T, * MiSanamoives TMR2
~ @ 2 o e T 4 a 1 2 o’csll o
Tag# Tog AoAUNMVRIdY RN IMan Tnihadluiui uazalussiamesHanuasiuim
Tugivoaavgiudy
dauanudvesdyg s PWM ansadiuinlaein 1 daumunawesdyana PWM
: T Y = o’y 4 = ° [ Y dy
(amved TMR2 111110 PR2 szifamamsaian 3 mgmisel Tulafamsyhaudaly dadl
= J 1
1. NAMSIATESAI1UDI TMR2

[P

= = [4 9 d?l d' Y dd‘ o 1T a dy = Q U
2.1999100990 1 YUNV1 CCPx fJﬂL’J‘LJc],‘LJﬂ‘im“ﬂﬂTﬁuﬂﬂWﬂ’mllcmﬂﬁ‘U@Qﬁf,UiU'lm PWM N1

a

€2

o A dy 1T a o a ¢
i1 0% M1 CCPx Tvz liinamsaitluasin “1
1T a dy = Q@ J o 14 ' Y Qs
3. Maad liavesdygia PWM azgnuaatinu’ld Tasa1eneadoyain CCPRxL 11/ds
CCPRxH
o T = @ mn o 4 o o
msmmuamanudvesdaygiu PwM a2 lu 1y Inadanamesniolu Inwes 2
2.2.2.3 MsmmuamaIf lsfavesdaaas PWM
o = 9 @ Aa o 1 v oa A 4
fnualavoudeoyalldsStmnes CCPRxL s2ufula 5 uags 499530005 CCPxCON
mldamnsadmuannuaziBoavesdyyia PwM 1dgedia 10 9a Tas 8 Taunazlddoyaluiia
FY
4 1 = 1 = s 4 [ 1 a
83 CCPRxL a1 2 Taaelddoyaluiin 5 uazs vos59dnas CCPxCON A1MN15DATHINAIAIA
Imialdanngns
3
o a o ' o J a U o 9 =
a1 lnfavesdyyin PWM = mlusiamnes CCPRxL (8 Ua) saunudoyain 5 uaz4s vo9

330105 CCPxCON (2416)*T .

Y

{1 s = oA 1 I oA § o o o o
Ta? Mo Aemunavesdyanunimyan Jnihoduiui uazalusTames nanuadiuom
Tugdvesmvgiudy

° ] oA 4 o aa 4 £ g 1 a dy
MIMUUAAIDIIVNNOT CCPRXL taziln 5 1az4 Y995 381A95 CCPXCON Faitlua 1A
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lwAavesdyana PWM awnsah ldnasanal uaaiaad lanailag hignoienea s Tames
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CCPRxH 9UA7 19100959 e1A85 PR2 92111 TMR2 Fatfioiv1 #d2A1909 CCPRxH a2 145113
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WonTasdn Tua Aldanazessou laissediaudsuas luaunsod@ould lasass
Aa 4 T o a A a o3| a Y g
JeaA0T CCPRxH uaznieanuiimaynieludn 2 9a (3audu 10 Ua) gnlumtuily
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4 1 a o v e A =y = [ Y] 1 A A 1T a A
WBASIaINDS CCPRxH uazvueaNuimiasneludn 2 damiinuaives TMR2 Ai¥euaenuia
4 = o = A 4 4 °
HUainames 2 davoalnwes 2 (G T2CKPS1 uay T2PKPSO 1u53amas T2CON) #3114
a A TP
AD1UTADINNV CCPx Natandlu <0
ANUAZIBYAYDITYA I PWM
= ° @ .3 Ty a '3 o ~
anuazidadgavesTyanm PWM wiiuegiuinlianamesves nwes2 luumeh

o v o Jda id o 4 o ~ 1
ANNAZIDUATIYAYDITYAN PWM sgdunusiuanudnimvua, anudvesdygnanniing uaza

0SC

f XN

PWM

log

= ¢ 4 o 9 = A
"ll'é]\?‘l_lﬁﬁlﬂﬂmﬂﬁ "’]Nﬁ'l?J"Iﬁﬂﬂ'l‘lnl'Jﬂ&‘lﬂfﬂ'lﬂﬂ'f]'luﬁxlﬂﬂﬂ(ﬂﬂ) =
log2

Taehl £, Aoanudvosdaganninmuanlumuie Hz

o g

£ ADAMUDVOITYY Y PWM Tuniioe Hz

o e
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N fo shaestSanames 1u lumwes2

Qs a

A 4 d ¥V o °
dagna PwMaziianuaziBeagegaiionSmnamesviiy 1 vhldgasmssuianiiu

0sC

log
f
= ~ PWM
anuazdea (1n) =
log2
gNA29E19 AUDTYYIUUIRAUNINY 20 MHz F3UANNDV0ITy 19 PWM 1M10Y
4

¥
78.125 kHz uagifsamnamesimny 1 agiiu
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log
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log2 log2

=8 1n

ANNAZIDYATIYA
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A o Q'J
2.3 KiUIUNNNVBINITI RAM (Random Access Memory)
' o @ <3 ' o Y 2 Y o ' b4 [
M1 NNEIs 17 D uriteanudinaunsathtedeyaludwmialag 18 Taeasa v
L W o oa ~ 1 & T o 1 a . Y < i o
VNN INEAINEENDNBENINIINI MiIwANUIIB1UATEU (Read/Write) RAM TTuniiaennus
[ @ 1 ! g Y = d o v o ad 9 o
dmiueuuazeu RAM 14 lunsuiawesdmsudluino T sunsutaz doyatani
1 o o < Y Y 1 9 = A 12 1 1 dy 1
nuswanuiignnunudeyald iasdeyaszgaudeodie luTunase IWdudsus RAM
T a o oA @ Y
aseeuez@unnd winl ufeanu 14
' o 1 < A
viwanud utseendu 2wy fe

1. auAAALIN SRAM (Static RAM)

¥
=3

MiwA NN 1IN 1IIAT BN AuARALSY LdAZIAs (cell) mauanwalWasy(Flip-
Flop) ﬂ“’qﬁmﬁlauhiﬁmﬁﬁUu%’auumﬁfh'lﬂ“lwﬁeﬁlaymzﬁqmasjtﬁm%mﬁmm%ﬁ Tu@#g(CPU) T9d04
FsanfeasudnEaauAnIa1ves RAM &0
2. 1A113inUsu DRAM (Dynamic RAM) ‘Vi‘Lj’JEJﬂ’NﬁJ§1§3ﬂ513%ﬁﬂ51‘%}ﬂ1i!ﬁﬂﬂi$i]ﬁm
inaveseaia (MOSFET) eifunsiiudoya usuriinivzdedinmssme (Refrech) o1
yadanaoy
2.3.1 sanilnenssuve imiBnNS 1IN
1.299598A5Wa(Decoder) Fnthiilunsneasifavesdumiluiiedonuaunznanves
SamefdmsusunSe@ounuaenu
2. AUSAB0INIIEANE I (Memory Array) FinehiilumssaSeeaniaonnus
3. AUBUNR/ABVHA(Input/Output Buffer) ¥anthitlumsfadedoyady Gy

4. 97UAIVRU(Control Circuit) Hanthnlumsaruguass wunIe@ounizonnud

FUNCTIONAL BLOCK DIAGRAM
N 512 X 2048
AC-A16 |:> DECODER :> MEMORY ARRAY

VEC ——
GND — =
10
FOU-HCT <:> DATA <_‘_,> COLUMN 1O
CIRCUIT

LE‘ e}
CEZ —] CONTROL
OF — CIRCUIT
WE —]

311 2.3 yansaailaanssnvesminaaNudITIAIN
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2.3.2 NFUIUNITD1U (Read Operation)

ATLUIUNIBIUVBINUILANNI Nieanuiwedsdyaudwrisoonndmiuaen

a9

A

o @ = o T o @ ' o 1
FIMR0T (Register) 1 s lugwanud szgnidonneudmivoiuniodon awghimseuanive

= =) 9

d o . . o3| [ LY R =
1m0 ANgAIRDNILADI 1R Read/Write i Logic 11y ‘17 1014183191 Chip select 1¥dpafinedn

W ‘0" agir 1w iovinarinives (Output buffers) fisnves3iamesfigmidoniaz lddsngfiters
oz g e n Read/Write 1 Logic il 17 MldBunarimles (nput butfers) Taivinans i
HalAdoyaouwn lulinaduvihsanuiwagtiniseu

MAVDITOUMIBIU £, LAZNAIVDITOUMITOU £, AANUFRRUINITAIMUARIINEA

1 9 '

= o Y a v ' L a aa o ¥
GlJ@\‘iLLﬁiJVlﬁ'lﬂJ'liﬁWﬂ‘l@ ﬁ'J'E'JEJ']\‘HGD'u(luﬂ'lilli$§ﬂ¢]1u\ﬂufﬂi\‘i FWY DIUVBY ANV UIYAINUDIDN

QU

A 9 o = = []

MUIBANNI t, MIAU 50nS FHY A1W15091U 1 /190 9 50 nS #3020 MURAUTN UAd t, =

10 nS CPU enunsaou 18 100 drud/Aundl duaaslugilh 2.4

READ CYCLE NO. 203

- tRC »
ADDRESS X
b - tOHAm]
OE ﬁ‘ t
Y R —— tHZOE — ]
CEl —3‘ 1706 7!
L tACETAACE? -
CE2 _75_&1_7 1 BN
tLzcez ot tHZCE ——
bout ulLivs X DATA VALID >_

3UN 2.4 HEAINIZUIUMIDTUVBINUIIA NG

2.3.3 STUIUMSIVEIY (Write Operation)
= ) o A . ¢ .9 . ¢ ¥ P
NIZVIUMITIUVDINUIA1INET (101 Read /Write = ‘0 (1391 chip select= "0” oyad
Y a 1 = 1 = a o v A oA = A
U1 A1A1BUNA(Data Inputs) 93 I ar1uduyaz lnamudunaiivines lldGTamesignideniie
o J Qs d 2 R =
91 Read /Write = 0” M ldlominatiwivos Han11ganud1un1ugs (High Impedance) M3WUE

o v a a4 9 ° oA s 3 1
Mmaedeyawuinny 3ludwrisid@end Ty vy
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A a oag . a Aa Ao ' = I o o Ya o
MIAONTWHAA (Chip Select) FWITUFWHAADY 1 VIMTDNINANTIMTVAIVAN IHTW 11911
A t o A a 1q ¥ o a '3 = 9 ==y
3o lihau Wedngnaiunu luldinunadunnuazieinaiizanzanudumugauisiiton
E4 9
V1IN FWOLULUR(Chip Enable) (CE)
a a =1 a ' ] I~ <

Undninlssnuwda Tod (C) szsman mdrsunanaziomyadidoiudunoylulasa
3 o : . ; a ¢
F110a(Bi-directional) F9939NAIUAY IAY Read /Write U5 ATN15219 Inseadranuuunsne(
matrix) N1300ATAAVDIR WU LRONUR AT NS Tameaien ludmSuorunSeeu

§ o a 4 1 %] )

aoilaenssuNTUUDVLUNNSNFILFIIAAVUIAVDIITAINOATHE

werasdyaadmsuseuma@ou Taos wauile iy de dwmian1ngs RAM 1ai 10

~ [ [ [ a == [~ 01 =3 dyl < @
FNgrsadIdy g rau1duFwdina (u ‘0’ ®a9910591901 £, 15001901891 1A UTATW
1 E4

A1LLW U 9(Address Setup Time) FAI019 AN U900 AW o (address decoder) 1ENOUTUOIND
o 1 T =N P= a s d [=¢ ¢ 9 o =l ' =) R .
aunualvniu susiaauas swsamdu 0 1Wunat 1 5807112010151 8 U (Write Time)

Auanelugli 2.5

WRITE CYCLE NO. 2 (CE1, CE2 Controlled)?

- twG |
ADDRESS y
REYWN 18CE] —————— Ml 1HA
w | X z
ot —————— {SCE} ————]
CE2 4 3‘
= b -
pyEt -
- _xz—tp\c - /
ot ———— tHZE——] o 1 7V —
DOUT DATA LINDEFINED HISHZ
15D — ot tHD}

DIN % DATA-IN VALID &

510 2.5 naaenszuIUMSVEUYRIHHIBA NN
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| RED,GREEN,BLUE |
4——————— §40column ——————*>
pixels
HORIZONTAL SYNC [ D
I —] B C -t 25.42y§ —mere— E
i < 1.79uS>] 640pixels 0.79us
|377usi oL 2omixeld
95pixels pixels A pixe 4
e 800pixels >
’ RED,GREEN,BLUE |
“4—————— 480 horizontal cycle —>

\

A

R
| VERTICAL SYNC l 15250uS
P Q 480pixel S
. pixels

i 1020uS a— 450uS —!

f‘ips.:gf;* 32pixels o 14pixels

B 528pixels -
Horizonal Timing Vertical Timing
Horizonal Dots 640 Horizonal Dots 640
Vertical Scan Lines 480 Vertical Scan Lines 480
Horiz. Sync Polarity NEG Vert. Sync Polarity NEG
A (us) 31.77 Scanline time Vertical Frequency 60Hz
B (us) 3.77 Sync pulse O (ms) 16.784 Total frame
lenght time
C (us) 1.79 Back porch P (ms) 0.064 Sync length
D (us) 25.42 Active video Q (ms) 1.02 Back porch
time R (ms) 15.25 Active video
E (us) 0.79 Front porch time

S (ms) 0.45 Front porch

517 2.9 A nmvesdag I HSYNC Uasdyansl V.SYNC

2.4.4 M3n3291059861 ( Low - Radiation )

' o ' 2 ° o d
%ﬂﬂ’]Wﬁﬁﬂ’]iﬂi%ﬁﬂ’]Uiﬁﬁﬁ] FIgoUIUT UM Lﬁ@\?ﬁ]’]ﬂﬂTﬁﬂ']Q']uﬂuﬂﬂﬂJw'Jlﬂ'ﬂiu'nnl q M3

@
@

]

o =)
2

] 3 9 Gy 4 k4 = =
'I‘Hi’f)lllluuﬂﬂﬁﬂﬂ]‘lﬂiﬂﬂtﬂﬂﬁiﬂ‘Iﬁ]ﬂﬂ"lwuﬁiﬁ@\u@'mﬂ‘ﬂiﬂ

[

NATDUINNONINUNITNTLIOTIA

=

] A a o v
Freuvnllndrenmidunige §r38a0q Ifhadad uansiuilusenmunusssual 3oz
o o o1 3Ny & o V=2 Y 1 - o Ao M A
naavInuae Insvaulneun lamesnnuidn sndun Insvrinduuuumsnssaesiddnel
ﬂﬁﬂizmﬂ%’\‘lﬁﬂnJNMiiWu MPR-IT 4949 SSI (Swedish National Institute Low Radiation) t’fu‘f]u%a

o Ao 1922 P Y a o
am msnsznesddezuny luidnnerd IWihadadme
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2.4.5 ANNAZIBUA (Resolution)
=y =} T =y r=s v =
AUAZIDYA ABAINNUALDIAYBIN TLAAINTNY S DAUNUNINDBNNT IAANNALDIANIN
F 4 9
pils anwemnsalumsuaasnmldaziBeaunvuia lnuiuluegivilszinnuesvenin VGa
suaaIn I laazdealosnd1990 W SVGA et muannuazidealunisuansduinmils an

1 ar

g [ =] o 1 1 1 ] 2
wazPeANINIY AAITNYSUUIBN WIZIANAY Tagazupnilum1aeInl 881U 1024 x 768 9
A o Y g A o d' a b4 ddy @ =)
desmmesnuudan Asdiuiugaiisenwawisondneenula lunsail mudiusnie
da ° o T @ @ a
11e5Anoa(Vertical) Ans1urwduluuurdunidy 1024140 mvdaaou1fe g3v0a

o T W 4 Y Y @ o o
ava(Horizontal) Ao 1urnidu lunuausuidy 768 idu e daey 2 62 uguil kadwsne
° 4
FIUIUPAVUIBN NGB AWAIDYA

4 4 1 4 ar
wosaounedeyauanina (Display data port) 33iHuWBIAUUY DB 15 AuudAss10AI00A

vo99e) Tugii 2.10

Analogic RGB (VGA,SVGA,VESA)
Pins layout
Connector : female DB15c Connector : female DBS

oo of o(L)e
YGA

YESA DDC {Display Data Channel) VGA 9 pins

Pin VGA YESA DDC Description Pin| VGA 9| Description
1 |rR-out R-out Red out 1 |R-out |Red out

2 |G-out G-out Green out 2 |G-out |Green out

3 |B-out B-out Blue out 3 |B-out [Blue out

4 |ID2 Reserved Monitor 1D bit 2 4 |H-Sync|Horizontal Sync
5 |GND GND Ground & |V-Sync|Vertical Sync

6 [R-retum R~GND Red return/ground 6 |R-GND |Red ground

7 |G-return G-GND Green return/ground 7 1G-GND |Green ground
8 [B-retumn B-GND Blue return/ground 8 |B~GND |Blue ground

S |Key {(no pin}|+5¥ Power +5V 9 |SGND |Sync Ground
10 |Sync-retum |SGND Sync return/ground Note : This connector have
11 ID O ID O Monitor ID bit O been used in the beginning
12 |ID 1 SDA Monitor ID bit 1 / DDC Serial Data Line f‘:p\:fc‘zg'z':"ife aD';dlgSCf"UW
13 |H-Sync H-Sync / CSYNCHerizontal Sync {/ Composite Sync)

14 |V-Sync Y-Sync Vertical Sync

15 |Reserved SCL DDC Data Clock Line

: . 4
31 2.10 naaawesavensedelaNTAINAVBIIE VGA
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2. B NNH
o 4 =3 @ Y
A nlunininudeyavesdygrsndunsionaiosuenield lulns
o o @ A A Y Y o ¥
aouInsamesiudadounsooudoyaudniwoyaliilszuana
3. 1INV VG U
o ¥ o 1o v ' o A LY J
Amihflumssimuasidumisvesnilsanuiuie 14 lu Tasaeu Insames
= Ay 9y v v 3 v 3
Wounsontudoya ldgndesmudumivesdoya
4. 90N
At lumsuaawa lugiduvvvesadunsuusenmlugiunuais qamuade

A 9y Ay Yo g
lluﬁﬂ5ﬂﬂﬂym$mﬂﬂﬁlﬂgﬂﬂl’lﬂiﬂw1ﬂ']

3.2 myasadyana HSYNC

Tuneumsadsdyaa PWM annsaaiialaneil

o 9 L4
1. Smualdan RC/cep2 Wuenins
2. Smuasmunavesdaanaliiuustanes pri

o =Y Ed o P= =Y o o = o
3. fMvuamaad lnaasluSvaees CCPR2L uaziia CCPX, ccp2yY lusTammasccPcoN

@ o o 1 =y o T @
4. idon Tnuavesdaara PWM Taesvuadoya 4 ina1990939e1005 CCP2CON 11111
11xx
o d' d’ 3 v %4
gasnsannaingdeddumsaindys s PWM
= gy r A
a0y 4 gas Ao
PWM

PERIOD

PR2 = ot S PO (D
4XT c X PERSCALER

0s

PWM

dutycyde

CCPR2L:CCP2XCCP2Y= RO 23

T _ XPRESCALER
0sC

DUTYCYCLE(%) X PMWM PERIOD
PWMdutycycle = RN <))
100
DUTYCYCLE(%) X Voo

PWM

100



¥

° = d' ¥ [ w =
nnmsannalaamaunanngli 2.9 o7 ldmunmvesdyanadsi

PWM
PERIOD

PR2 = -1
4X T o X PERSCALER

31.77%10° X 20x10°

—1=155.85
4X1

=156

DT = Tox xTosc xT2DIV

(28x10‘x1)

20x10°
=560

o141 PR2 uiagan DT udavhani Idin 15 lumsiSou Ilaamnsadsgalf 3.2

Funpumsmauveslviannin
o 9/ 4
1. fmualian Rc2/cepl Hhus iy

o 1 [ LY A o T e
2. ﬂ'lﬂuﬂﬂ'lﬂ'l‘ﬂnﬁ'l‘ﬂ’f]ﬁﬂiyﬂ]ﬂmiﬁﬂﬂﬂi%ﬁm@i PR2 10U 156

28

@ ° ) ' = 4 t Qs
3. ihen Tnuavesdyas PWM Tasfmuadoyn 4 ina1swedsaamas CCP2CON (i

Tixx

b
4. fmuaniain lapanslussames CCPR2L uaziin CCPX, CCP2Y lu33amesCCPCON

o { - = 1 Qs
Taedmualin 11.87 wesiuldlia ity 560
° ¥ o 1 L]
5. MruaanfSanames IRRa A 1:1
o ¢ o
6. F41 lnwos 2 e

7. i Tlsunsudusis



Budu

RC2 = OUTPUT

!

PR2 = 156

!

Ltdanivue PWM
CCP2X =1
CCP2Y =0

Anuar DUTY CYCLE
11.87%
avlusiamas CCP2L

ATNUR Prescaler
Linfu
1:1

Clear Timer 2

'

Run Timer 2

l

M Talsunsuduse 11

Y d (%%
317 3.2 e sanaasmseuldsunsuadsdaana HLSYNC
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4 w
3.3 M5AITYYIM V.SYNC
afrevinms lmdams Suna re1ine velulnsaeuInsames lngldHasdu aruqu
¢ s v o & v
wosaNv1 C1 voe lulasaou Insawes saunumds vieial(Delay)

) =t P ¥ @ [ 4 =
vinwamsfim laafounannglh 2.9 v ldmunavesdyauad lWamniaglh 3.3

o o d
FunaumInuvedlamIn
o L] I~ s
1. fvua ldu RC1 Huewing

3 o3 o
2. wmualdv rel fuaodn <17
1 Y 1w =Y F=$
3. s Iy 16,784 Tulasiua
° o3 a
4. Smualdu Re1 Wuasdn 0
5. vuhana 1y 64 TuTasdund
6. daliruglmsiau

7. MTdsunsuduseld



RC1 = OUTPUT

!

RC1 = HIGH

!

DELAY RC1
16,784 uSEC

RC1 = LOW

DELAY RC1i
67 uSEC

ldsunsudusely

517 3.3 e sanansmadeullsunsvasadaaae V.SYNC

U
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3.4 Maa iy RGB

MsAIAMANUDVDITYYIY RGB (Clock frequency) TallSamiiou Tasmsiiuernwia
é ¥ Qf Qf Q
Y99 V.SYNC uag H.SYNC nilsgnaauanganuudgaiudnsinis Refreshes rate

a2 ldaums

Clock frequency = H.SYNCX V.SYNC X refresh rate

HNUAT

Clock frequency = 800 pixels X 528 pixels X59.60 Hz

=25.175 MHz

Fd 3 T ¥ 3 v
ualu Tnsenuiidenfnazilunnud (Clock frequency) Nanudanauiiy 5w veanud
=) é i T Qr
AudalinumAY 5.035 MHz

Ed [ ]
nmiwhah ldinsmuaanualdtueesiunsgudes

3.5 MIMUIUMIMAMHUIVBINUILA NN

o ) oA . o a I
mmmmu'Jm"lﬁ'mﬂmimrmm WLa(Pixel) "UEN"{I'GQQ FOTHOANDQ N IDTIAADA U

Qr ]

! 4 <3| ' { o '
gatuuaiissnnsitounnudanauily 5 M1ween2md(Clock frequency) TaaINTAMUINHIA
fumrsreanieanus ldengas

Horizontal X Vertical

ADD =
5

HNUM
640X480
ADD=——""""=61,440  Fuviua
5

s/
o as

’ o o ¥ g I a o
aatiulumbeanud 1 dumistududeyadrioea 13 5 W
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3.6 miﬂi’)ﬂ!!‘lJ‘lJ’Jx‘]i)iff‘lJm‘lli“luﬁﬂx‘l (Binary counter)

westumuguaesin Flumshmuamdumuddsumissnnus Taennuaiinu
11 5.035 MHz

udiiiean1n ¥ nuennu 128 K Fedardumuanify 131,072 S umaudis 19 o
61,440 AN U ﬁaﬁ"u'ﬁaé’mﬁaai]'im'é‘a';ﬁmqu(aear Address) lumsimAsddumdaiiengasiiy
mmgmamﬁuﬁqﬁm,mhﬁ 61,440

wimsutlasav 61,440 Wumvgu 16 uazmugu 2 1 ldnumiiy

61,440 = FOOOH = 1111000000000000

9 T
91nuuaN 1duiinisdesastazmsmanwesesians B3 lumanuan n.1

3.7 Mg dsunINa U IR NN

=

A v Y 9 o o Y = v < 9 PYPa 1 o 1
LﬂJ'E)ﬂJﬂTi'i‘lJSIJE]ﬂsljﬁi]']ﬂﬂ']EJu@ﬂl"U']ﬂJ'ﬁ]']Lﬂu"ﬂgﬂﬂﬁllﬂ']'ii]ﬂlﬂ‘].l“l]'@ﬂsljﬁll?ﬂﬁl‘l')ﬁlﬂ?]llil'mﬂu

v @ 1

Y 2 o o A A ow :,’ =2 9 = = 1
HAINMNTUIUDUAAINANINULTAAINAUUIDNINDNN @NuuNmmumimauiﬂmﬂmmuuﬁma

U

£ 1

anudineuudiemdeyauumniaeanu

mafoulsunsuasuunthonnudwans3luTvansagilii 3.4

o o d
Juneumsiauvedaria
1. fvuamidwriegegadalinumay 61,440 Aumua

o 9 A o A ] o ] o
2. fmuagiuuvvesdoyanazinmsms@eu lilsunsuasuuntisnnudwy atmnia
dy o 9 I~ =) = oy a u’/’ o @
Haztmuadoyailuuaud uae @Wer wazihity Tuuadwnuday
3. 5on 14 115un5u608 ADDRESS
4. shmsdoudoyansuuntiennud

= =} T o T a Y da A 9

5. ssuneumvesd v gairennea NU esAnea the ldlumsugl
6. deldmgimaiinu

7. ft]‘]JﬂTiﬁ']\'ﬂu"UE]\'iIﬂiLLﬂ‘iﬂJ



GREEN
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ADDRESS

!

WRITE
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Vertical
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HAN1INAadN

4.1 HAMSNANDIVBINYAYIM H.SYNC

11171 4.1 niluansgUdggna H SYNC fnmaunuidi(Scanline time) Failauyifu

31.476 kHz "ls?fmﬂmimﬂuTﬂmﬂimmiwmmsmimﬂm 32 Tﬂmﬂiﬂumau"lﬂmﬂiﬂ‘ﬂ 2.9

q 2005/03/22 20:22:35
CH2=5V  : : : : 0us7div
DC 11 : : :

NORM 1 IJDMS/S

T

Cursor
-3, 13div
=Filter= =0ffset= =Recaord Length= =Trigger=
Smoothing : OFF CH1 : 0.0000Vv Main 10K Mode @ AUTO

BW . FULL CH2 : 0.00v 2Zoom : 10K Type : EDGE CHZ2 £
Delay : 0.0ns
Hold OFF : MINIMUM

- o d' b4 . .
31N 4.1 saaan ¥ jUdyana H. SYNC finmaunutai(Scanline time)

1

o

A @ B A a o d L2 A T @
51U 4.2 nauaasgdyga H. SYNC AU saaiatd(Syne pulse) BalAUNIND

3.77us ldnamsdouTsunsuau IanialugUi 3.2 TaaSeudien 1danga 2.9

Stopped q 2005/03/22_20:29:18
CHISSY ; : : : T Sus/div
; : : : ; i (susydiv)
NORM:200MS /5

at i 3.75us

=Filter= =0fFset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode . SINGLE
BW @ FULL CH2 : 0.00V Zoom @ 10K Type : EDGE CH2 &
Delay : 0.0ns
Hold Off : MINIMUM

o

3107 4.2 uamsnsvizilFayanas K. SYNC inadenwadi(Sync pulse)

L]
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U 43 namuaasgy

. . s
(Active video) uag WIDUNNWOS

@

aI H. SYNCH

u g

4

%(Front porch)

36

1
=

] o a
NAWUANWOTB(Black porch) wonNuiale

A o~ Y 9 =
FIUAUNINY 28 uSllﬂmﬂﬂﬁLSUEJuIﬂﬁLlﬂﬁJﬁWN

Trlaansalugiii 3.2 TeewSeuiiouldnngli 2.9

-
h |

2005/03/22 20:.23:32

CHZ=5v

10us/div

N
ES H
aT 28.bus :
147, 38.7143KkHz: b D
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0000v Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH2 £
Delay : 0.0ns
Hold Off MINIMUM

317 4.3 wamanswizy)

7

o o

gy H. SYNC 1

T
~

A MUENNBIV(Black porch)

=S d
uenfivIale(Active video) ttaz W50 WOI¥(Front porch)

4.2 HANMINANDIVDITEYRY IR V.SYNC

1
=%

N4.409

31

Wuaasgidgyana v. SYNC i ausin(Total flame) Badia unimiy

16.784 mSIdvinms@euTilsunsuam Iarnsalugild 3.3 TaonSeuion|dnagid 2.9

A=t

2005/03/22 19.01:58

CH1=5V
pc 111

Sms7div

aT

.65ms
.0B01Hz

=Filter=
Smoothing : ON
BW @ FULL

519 4

L1

=0Offset= =Record Length= =Trigger=
CH1 ¢ 0.00v Main 10K Mode : AUTO
CH2 : 0.00v Zoom : 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off MINIMUM

4 yaaanWzUdyana V.SYNC nnauvlansisi(Total flame)
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n.1

BINARY

AsLIadLadunsInuURD

— _ _ _COUNTER — —
| 1

_ +VCC _ +Vee +VCC
_ _ o} 0
_ 1 “ 10— —=—32 —i1
2 ol cerl30 vool22
CLOCK ~ - 3 | 8 A4 we|22 RB7/PGD e -
_ 131ack 7415590 o2 _ LA P oE|2 RB6/PGC)re 4.7
100eTR ok _ 516 TE |22 RE5 3 ol
5.035 MHz | = G Qe e 4 T “ RB4 0.tat
| A _ 24 P (VY] — SCL/CLKIN RE3/PGM ms;_l
15 £ P I__”““ SC2/CLKOUT RB2
12
_ _ 62C1024 I RA2/AN2/Vref+ vss=
>, = RA3/AN3/Vref- vss
15 22pF/Tr22P T
_ - _ L1 P 1/04} e _Stqan_navnnu.m_umﬂﬂzup |_l
_ _ 23] o 1/08! i S RAS/ANG/SS RBO/INT L
| - 2 _ ”.-. a1 1/06 C0/T10S0/TiCIA  RD7/PSP?
2 Jack 4LS590 QD 2 AL2 1/07 RD2/PSP2 RD6/PSP6|
_ B oy | “ Num A13 17002 16}ec1 RD5/PSP5
14 G QF 5 _ Al4 1/01 14 17 RC2 RD4/PSP4|
_ e o6 s Ty RC3/SCK/SCL RC7/RX/DT
_ 8 leno QH = ._|I>5 fryE= RD3/PSP3 RC6/TX/CK
anofE RDO/PSPO RC5/SDO
_ - _ .H- RD1/PSP1 RC4/SDI/SDA
CLEAR ADD
_.|| +VCC +VCC _ L »] H.SYNC
_ _ ! V.SYNC
_ 4 1 12 1 _
2 11 3
4 10 5
_ —{ 741504 741510 _ ] GREEN
_ 7 7 13
_ [ B s 1 %+<nn _ | BLUE
_ ] 9 _ 9 2 ,
_ L _
I
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n.3

Timing diagram 2ay3935 Binary counter

typical operating sequence

CCKEN

8-BIT BINARY COUNTER
WITH REGISTERED 3-STATE OUTPUTS

SCAS195 - D3989. MARCH 1932 — REVISED APRIL 1993

I
|
I
|
|
|
|
]
|
|
|
Q | [
|
|
a ! !
} [
RS
QE l ! ! e S
l |
— | —
QF ] ! N
: 1
| I
N— | —
Qg | ! SO
L}
— o |
QH ] ! l
I 1
. | !
—— H ]
RCO I I ] i
| | |
I I |
| | Counter Clear l Outputs
0 1 2 3 3 5 6 K{ 8 9 10 0 1 2 Disabled
Il Count Inhibit +——-— Count 4
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0000: GoTo 027C

0062: CLRF 06
0064: MOVLW 03

0066: MOVWEF 07

006E: CLRF 23
0070: MOVF 26,F
0072: BTESS FD8.2
0074: GOTO 00A6
0078: MOVF 25,F
007A: BTESS FD8.2
007C: GOTO 00A6
0080: MOVF 24F
0082: BTFSS FD8.2
0084: GOTO 00A6
0088: MOVF 23,W
008A: SUBLW 10
008C: BTFSS FD8.0
008E: GOTO 00A6

0092: MOVLW 01

0094: ADDWF 23.F
0096: BTFSC FD8.0
0098: INCF 24,F
009A: BTFSC FD8.2
009C: INCF 25F
009E: BTFSC FD&.2
00A0: INCF 26,F

00A2: GOTO 0070

00A6: MOVFF 2A,03
00AA: MOVFF 29,02
00AE: MOVFF 28,01
00B2: MOVEF 27,00
00B6: MOVF 23,W
00B8: MOVWF 33
00BA: BTFSC FD8.2
00BC: GOTO 00DO0
00C0: BCF FD8.0
00C2: RRCF 03F
00C4: RRCF 02F
00C6: RRCF O1F
00C8: RRCF 00,F
00CA: DECFSZ 33,F
00CC: GOTO 00CO
00D0: BTFSC 00.0
00D2: GOTO 00DC

00D6: BCF OE.0
00D8: GOTO 0O0DE

00DC: BSF OE.O

00DE: MOVF 26,F
00EQ: BTFSS FD&.2
00E2: GOTO 0100
00E6: MOVF 25 F
00ES: BTFSS FD&.2
00EA: GOTO 0100
00EE: MOVF 24,F
00F0: BTFSS FD8.2
00F2: GOTO 0100
00F6: MOVF 23,W
00F8: SUBLW 05
00FA: BTFSC FD8&.0
00FC: GOTO 0100

0100: MOVLW 00
0102: BTFSC OE.O
0104: MOVLW 01
0106: SUBLW 01
0108: BTFSS FD8.2
010A: GOTO 012k



010E:
0110:
0112:
0114:
0116:
0118:
011C:
011E:
0120:
0122:
0126:

0128:

MOVLW 0
MOVWEF 00
MOVF 05W
MOVWF 01
BTFSC FD&8.2
GOTO 0126
BCF FD8.0
RLCF 00.F
DECFSZ O1,F
GOTO 011C
MOVF 00,W

IORWF OB,F

012E:
0130:
0132:
0134:
0136:

0138:

013C:

013E:

0140:

0142:

MOVLW 01
MOVWE 00
MOVF 05W
MOVWF 01
BTFSC FD8&.2
GOTO 0146
BCF FD&.0
RLCF 00F
DECFSZ 01.F

GOTO 013C

: MOVF 00,W

: XORLW FF

: ANDWF OB.F

: MOVLW 01

014E: ADDWF 05.F

0150: MOVF 26F
0152: BTFSS FDS§.2
0154: GOTO 0172
0158: MOVF 25F
015A: BTFSS FDS.2
015C: GOTO 0172
0160: MOVFE 24F
0162: BTFSS FDS8.2
0164: GOTO 0172
0168: MOVF 23W
016A: SUBLW 05
016C: BTFSC FDS.0
016E: GOTO 0194
0172: MOVF 26,F
0174: BTFSS FDS§.2
0176: GOTO 0194
017A: MOVF 25F
017C: BTFSS FDS8.2
017E: GOTO 0194
0182: MOVF 24F
0184: BTFSS FDS8.2
0186: GOTO 0194
018A: MOVF 23 W
018C: SUBLW 0D
018E: BTFSC FD8.0
0190: GOTO 0194

0194: MOVLW 00
0196: BTFSC OE.O
0198: MOVLW 01
019A: SUBLW 01
019C: BTFSS FD8.2
019E: GOTO 01C2
01A2: MOVLW 01
01A4: MOVWF 00
01A6: MOVF 06, W
01A8: MOVWF 01
01AA: BTFSC FD&.2
01AC: GOTO 01BA
01B0O: BCF FD8.0
01B2: RLCF OOF
01B4: DECFSZ 01,F
01B6: GOTO 01BO
01BA: MOVF 00,W

01BC: IORWF 0C,F

01C2: MOVLW 01
01C4: MOVWEF 00
01C6: MOVF 06,W
01C8: MOVWEF 01
01CA: BTFSC FD8&.2
01CC: GOTO 01DA
01D0: BCF FD8&.0



01D2: RLCF O00.F
01D4: DECFSZ 01,F
01D6: GOTO 01DO0
01DA: MOVF 00,W
01DC: XORLW FF
01DE: ANDWEF O0C,F
01E0: MOVLW 01

01E2: ADDWF 05F

01E4: MOVF 26,F
01E6: BTFSS FD8.2
01E8: GOTO 0206
01EC: MOVF 25F
O1EE: BTEFSS FD&.2
01F0: GOTO 0206
01F4: MOVF 24F
01F6: BTESS FDS8.2
01F8: GOTO 0206
01FC: MOVF 23W
01FE: SUBLW 0D
0200: BTFSC FD8.0
0202: GOTO 0228
0206: MOVF 26,F
0208: BTESS FD8.2
020A: GOTO 0228
020E: MOVF 25,F
0210: BTFSS FD8.2

0212: GOTO 0228

0216: MOVF 24F
0218: BTESS FD8.2
021A: GOTO 0228
021E: MOVF 23 W
0220: SUBLW 10
0222: BTFSC FD8.0

0224: GOTO 0228

0228: MOVLW 00
022A: BTFSC OE.0
022C: MOVLW 01
022E: SUBLW 01
0230: BTFSS FD8.2
0232: GOTO 0256
0236: MOVLW 01
0238: MOVWF 00
023A: MOVF 07.W
023C: MOVWF 01
023E: BTFSC FD&.2
0240: GOTO 024E
0244: BCF FD&.0
0246: RLCF 00,F
0248: DECFSZ 01.F
024A: GOTO 0244
024E: MOVF 00.W
0250: IORWF OD,F

0252: GOTO 0274

0256: MOVLW 01
0258: MOVWF 00
025A: MOVF 07,W
025C: MOVWEF 01
025E: BTFSC FD8g.2
0260: GOTO 026E
0264: BCF FD8.0
0266: RLCF 00,F
0268: DECFSZ OL,F
026A: GOTO 0264
026E: MOVF 00,W
0270: XORLW FF
0272: ANDWF OD,F
0274: MOVLW 01

0276: ADDWF 07.F

027C: NOP(FFFF)
027E: CLRF FF8
0280: BCF FDO0.7
0282: CLRF FEA
0284: CLRF FE9
0286: MOVLW 07
0288: MOVWF FCl1

028A: CLRF 05



028C: CLRF 06
028E: MOVLW 03
0290: MOVWEF 07
0292: CLRF 1B
0294: CLRF 1C
0296: CLRF 1D
0298: CLRF 1E
029A: CLRF 1F
029C: CLRF 20
029E: CLRF 21
02A0: CLRF 22
02A2: CLRF 27
02A4: CLRF 28
02A6: CLRF 29

02A8: CLRF 2A

02AA: MOVLW 00

02AC: MOVWF F92

02B0: MOVLW C3
02B2: MOVWEF F9%4
02B4: MOVLW 06
02B6: MOVWF FCl1
02B8: BCF FCl.6
02BA: MOVF FC2,W

02BC: ANDLW 38

02BE: MOVWF FC2

02C2: BCF FC6.5
02C4: BCF F9%4.5
02C6: BSF F9%44
02C8: BCF F9%4.3
02CA: MOVLW 00
02CC: MOVWF FCé6

02CE: MOVWF FC7

02D2: MOVLW 80

02D4: MOVWF FD5

02D8: MOVLW 00
02DA: MOVWF 01
02DC: IORLW 04
02DE: MOVWF FCA
02E0: MOVLW 01
02E2: MOVWF FCB
02E4: MOVF FBLW
02E6: ANDLW 48

02E8: MOVWF FBI

02EA: MOVLW B7
02EC: ANDWF FBILF
02EE: BCF F9%4.2
02F0: BCF F8B.2
02F2: MOVLW 0C
02F4: MOVWF FBD

02F6: CLRF FD7

02F8: CLRF FD6

02FA: MOVE 2AF
02FC: BTFSS FD8.2
02FE: GOTO O051E
0302: MOVE 29.F

0304: BTFSS FD8.2
0306: GOTO 051E

030A: MOVF 28,W
030C: SUBLW EF

030E: BTFSS FD8.0
0310: GOTO 051E

0314: CLRF 32

0316: CLRF 31



0318:
031A:
031C:
031E:
0320:
0322:
0326:

0328:

032A:

032E:
0330:
0332:
0334:

0338:

033A:

033E:
0340:
0342:

0344:

0348:

034A:

034C:

0350:
0352:
0354:
0358:
035A

035C

CLRF 30
MOVLW 01
MOVWF 2F
MOVF 32F
BTFSS FD&.2
GOTO 051A
MOVF 31,F
BTFSS FD8.2
GOTO 051A
MOVF 30,W
SUBLW 01
BTFSS FD&.0
GOTO 051A
BTEFSS FD8&.2
GOTO 0348
MOVF 2FW
SUBLW EO
BTFSS FD&.0

GOTO 051A

MOVF 32F
BTFSS FD8.2
GOTO 036A
MOVF 31F
BTFSS FD8.2
GOTO 036A
MOVF 30,F
: BTFSS FD8&.2

1 GOTO 036A

0360:
0362:
0364:
0366:
036A:
036C:
036L:
0372:
0374:
0376:
037A:
037C:
037E:
0382:
0384:
0386:

0388:

MOVF 2FW
SUBLW 00
BTFSC FD&.0
GOTO 0398
MOVF 32F
BTFSS FDS8.2
GOTO 0398
MOVF 31,F
BTFSS FD8.2
GOTO 0398
MOVF 30F
BTEFSS FD8.2
GOTO 0398
MOVF 2FW
SUBLW A0
BTFSS FD8.0

GOTO 0398

: BCF F95.0
: BSF F8C.0
: BCF F95.1
: BCF F8&C.1
: BCF F95.2

: BCF F8C.2

: MOVF 32F

039A:
039C:
03A0:
03A2:
03A4:

03A8:

03AA:

03AC:

03BO0:
03B2:
03B4:

03Bé6:

03BA:
03BC:

03BE:
03C2:
03C4:

03Cé6:

03CA:
03CC:
03CE:

03DO:
03D4:

03Dé6:

03DA:
03DC:
03DE:

03EO:

BTFSS FD8.2
GOTO 03BA
MOVF 31F
BTFSS FD8§.2
GOTO 03BA
MOVF 30,F
BTFSS FDS&.2
GOTO 03BA
MOVF 2FW
SUBLW AQ
BTFSC FD&.0
GOTO 03F0
MOVF 32 F
BTFSS FD8.2
GOTO 03F0
MOVF 31 F
BTESS FD8.2
GOTO 03F0
MOVF 30,W
SUBLW 01
BTFSS FD8.0
GOTO 03F0
BTFSS FDS&.2
GOTO O03E4
MOVF 2F.W
SUBLW 40
BTESS FD8.0
GOTO 03F0



: BCF F95.0
: BCF F8C.0
: BCF F95.1
: BSF F8C.1
: BCF F95.2
: BCF F8C.2

: MOVF 32F
: BTFSS FD8.2
: GOTO 041C
: MOVF 3LF
: BTFSS FD8.2
: GOTO 041C
: MOVF 30,W
: SUBLW 00

: BTFSC FDg&.0
: GOTO 0452
: XORLW FF
: BTFSS FD8.2
: GOTO 04iC
: MOVF 2FW
: SUBLW 40

: BTFSC FD8.0
: GOTO 0452
: MOVF 32,F
: BTFSS FDS8.2

: GOTO 0452

0424:
0426:

0428:

042C:

042E:

0430:
0432:
0436:
0438:

043C:
043E:

0440:

0442:

0458:

045A:

MOVF 31F

BTFSS FD8.2
GOTO 0452
MOVF 30.W
SUBLW 01

BTFSS FD8.0
GOTO 0452
BTFSS FD8.2
GOTO 0446
MOVF 2FW
SUBLW EO

BTFSS FD&.0
GOTO 0452

: BCF F95.0
: BCF F8C.0

: CLRF 2C

MOVLW 01

MOVWF 2B

045C:
045E:

0460:
0464:
0466:
0468:

046C:
046E:

0470:
0474:
0476:
0478:

047A:

049E:

04A6

MOVF 2EF
BTFSS FD8.2
GOTO 0506
MOVF 2D,F
BTFSS FD8&.2
GOTO 0506
MOVF 2CJF
BTFSS FD8.2
GOTO 0506
MOVF 2B,W
SUBLW 80
BTFSS FD&.0
GOTO 0506

: MOVFF 2E 36
: MOVFF 2D,35
: MOVFF 2C,34
: MOVFF 2B,33
: MOVFF 32,3A
: MOVFF 31,39

: MOVFF 30,38

MOVFF 2F37
GOTO 0004
MOVFF 03,2A

MOVFF 02,29

04AA: MOVFF 01,28

04AE: MOVFF 00,27

04B2:

GOTO 00SE



: MOVLW 00

: MOVWF F95

: BCF F96.0
: BSF F8D.0
: BCF F96.1

: BCF F8D.1

: BCF F96.2

: BCF F8D.2

: MOVLW 08
: MOVWF 00
: DECFSZ 00,F
: BRA 04D6

: MOVLW 01
: ADDWF 1BF
: MOVLW 00

: ADDWFC ICF

04EC:

04EE:

04F8:
04FA:
04FC:
04FE:
0500:

0502:

: ADDWFC IDF
: ADDWEFC 1EF
: MOVF FD6,W

: MOVFF FD7,03

MOVWF 19

MOVFF 03,1A

: MOVLW 01
: ADDWF 2B,F

: BTFSC FD8.0.

INCF 2CF
BTFSC FD8.2
INCF 2D.F
BTFSC FD8.2
INCF 2EJF

GOTO 045C

: MOVLW 01

: ADDWF 2FF

: BTFSC FD8.0
: INCF 30,F

: BTFSC FD8.2
: INCF 3LF

: BTFSC FD8.2

: INCF 32.F

: GOTO 031E

0534:

0536:

053A:
053C:
053E:
0540:

0546:

: CLRF 1E

: CLRF 1D

: CLRF 1C

: CLRF 1B

: CLRF 18

: CLRF 17

: MOVF 18 W
: SUBLW 01

: BTESS FD8.0

: GOTO 065A

BTFSS FD8.2
GOTO 0544
MOVF 17, W
SUBLW DF
BTFSS FD8.0
GOTO 065A

MOVF 0A,W



0548: SUBLW 01
054A: BTFSS FD8.0

054C: GOTO 0650

0550: CLRF 09
0552: MOVF 0AW
0554: SUBLW 01
0556: BTFSS FD8.0

0558: GOTO 064A

055E: MOVF 08,W
0560: SUBLW 01
0562: BTESS FDS8.0

0564: GOTO 0644

056A: CLRF 13
056C: MOVF 14W
056E: SUBLW 00
0570: BTESS FD8.0
0572: GOTO 063E

057A: MOVF 12F

057C: BTESS FD8.2
057E: GOTO 0634
0582: MOVF 11,W
0584: SUBLW 3F

0586: BTFSS FD8.0
0588: GOTO 0634

058C: MOVF O0AF
058E: BTFSS FDS.2
0590: GOTG 059A
0594: BCF F8B.5

0596: GOTO 059C
059A: BSE FSB.5

059C: BCF F94.5

059E: MOVF 09F
05A0: BTFSS FD8.2
05A2: GOTO 05AC
05A6: BCF F8B.4
05A8: GOTO 05AE
05AC: BSF F8B.4
0SAE: BCF F94.4
05B0: MOVF 08F
05B2: BTFSS FD8.2
05B4: GOTO 05BE
05B8: BCF F8B.3

05BA: GOTO 05C0

05BE: BSF F8B.3

05C0: BCF F94.3

05CA: MOVLW FF

05CC: MOVWF F95

05CE: BCF F9%6.0
05D0: BCF F8D.O
05D2: BCF F96.1
05D4: BSF F8D.1
05D6: BCF F96.2

05D8: BCF F8D.2

05DA: CLRF 10
05DC: MOVFF 08,0F
05E0: MOVLW 08
05E2: MOVWF 00
05E4: DECFSZ 00.F
05E6: BRA 05E4
05E8: MOVLW 01

05EA: ADDWF 1BF



05SEC:
05EE:

05F0:
05F2:

O5FE:

0600:
0602:
0606:

0608:

060A:
060E:

0610:
0612:

061E:

0620:

0622:

MOVLW 00
ADDWEFC 1C,F
ADDWEC 1D,F

ADDWEC IEF

: MOVF 1BF
: BTFSS FD8.2
: GOTO 062A

: MOVF 1CW

SUBLW F0

BTFSS FD8.2
GOTO 062A
MOVF 1D,F
BTFSS FD8.2
GOTO 062A
MOVF 1EF
BTEFSS FD8.2
GOTO 062A

: MOVLW 02
: MOVWF 08
: MOVWEF 09

: MOVWEF 0A

CLRF 12
MOVLW 40
MOVWEF 11

: MOVLW 01

0626: MOVWF 14

0628: CLRF 13

062A: INCF 1L,F
062C: BTFSC FD&.2
062E: INCF 12F
0630: GOTO 057A
0634: INCF 13.F
0636: BTFSC FD8&.2
0638: INCF 14.F
063A: GOTO 056C
063E: INCF 08,F
0640: GOTO 055E
0644: INCF 09,F
0646: GOTO 0552
064A: INCF OAF
064C: GOTO 0546
0650: INCF 17.F
0652: BTEFSC FD8.2
0654: INCF 18F

0656: GOTO 052A

065E: SLEEP

Configuration Fuses:

Word 1:2200 HS
NOOSCSEN

Word 2: 000F
BROWNOUT WDT1
NOWDT BORV20
NOPUT

Word 3: 0100 CCP2Cl1

Word 4: 0085
STVREN NODEBUG
LVP

Word 5: COOF
NOPROTECT NOCPD
NOCPB

Word 6: EOOF
NOWRT NOWRTD
NOWRTB NOWRTC

Word 7: 400F

NOEBTR NOEBTRB
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PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873
+ PIC16F874

+ PIC16F876
+ PIC16F877

Microcontroller Core Features:

*» High performance RISC CPU
= Only 35 single word instructions to learn

+ All single cycle instructions except for program
branches which are two cycle

Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

» Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

* Pinout compatible to the PIC16C73B/74B/76/77
Interrupt capability (up to 14 sources)

Eight level deep hardware stack

+ Direct, indirect and relative addressing modes

* Power-on Reset (POR)

* Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

* Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

* Programmable code protection
« Power saving SLEEP mode
+ Selectable oscillator options

* Low power, high speed CMOS FLASH/EEPROM
technology

+ Fully static design
* In-Circuit Serial Programming™ (ICSP) via two
pins
+ Single 5V In-Circuit Serial Programming capability
+ In-Circuit Debugging via two pins
* Processor read/write access to program memory
* Wide operating voltage range: 2.0V to 5.5V
* High Sink/Source Current: 25 mA
» Commercial, Industrial and Extended temperature
ranges
» Low-power consumption:
- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram

PDIP

U 40 [] =— RB7/PGD
39 []-— RB6/PGC
38 [J =— RBS
37 [J -— RB4
36 {] =— RB3/PGM
35[] -— RB2
34 [0 =— RB1

MCLRVpp — [
RAO/ANO «— ]
RA1/AN1 =—s-[]

RA2/AN2/VREF- a—s ]
RA3/AN3NVREF+ a— [
RA4/TOCKI «— ]
RA5/AN4/SS <— ]

[N T I N KR SN

w

OSC1/CLKIN —— ]
OSC2/CLKOUT «—[]
RCOT10SO/T1CKI a—s ]
RCH/T10SICCP2 -]
RC2/CCP1 «— []
RC3/SCK/SCL ~=—[]
RDO/PSPO - [
RD1/PSP1 w— ]

28 [} «— RDS5/PSP5
27 [] =+—» RD4/PSP4
26 [] +—+ RC7/RXDT
25 [] -+— RCBTX/CK
24 [] «—s RC5/SDO

23 [] =— RC4/SDVSDA
22 [ ] +—= RD3/PSP3
21 [J =— RD2/PSP2

REQ/RD/ANS <— [] E 33 [] =—= RBO/ANT
RE1/WRIANS =—[] 9 X ph-—wr
RE2/CS/AN7 <«—[] 10 ',: 31 [J -— vss
VoD — [ 11 E 30 [J =— RD7/PSP7
Vvss — [ 12 © 29 [1 -— RDE/PSP6
*-
o
[«

[ O
S o ®»~N®» O R

Peripheral Features:

Timer0: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

10-bit multi-channel Analog-to-Digital converter
Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 12C"™ (Master/Slave)

Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

Paraliel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)
Brown-out detection circuitry for

Brown-out Reset (BOR)

& 2001 Microchip Technology Inc.
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PIC16F87X

Pin Diagrams

PDIP, SOIC
MCLRvep— []°1 i 28[] = RB7/PGD
rao/aANO=—[] 2 27[0 <— RB&/IPGC
RA1/ANT =[] 3 - 26[] =— R8s
RA2/AN2VReF-<—= [ 4 T~ 25[] =— RB4
RA3/AN3VRer+ =[] 5 Q 24[1 =— RB3/PGM
Ra4Tocki~—L] 6 e 23[] = RB2
RA5/AN4/SS [ 7 o 22[] = RB1
vss—[] 8 © 210 =— RBO/NT
osc1/CLKIN—=[] 9 o 20[] =— vop
osc2/cLKouT-—[] 10 T 19[] =—vss
RCOT10SOT1CK! <— [ 11 18[] <—= RC7/RX/DT
RC1/T10SI/CCP2~—[] 12 17[] = RC6/TX/CK
RC2/CCP1=—[]13 16[] =— RC5/SDO
RC3/SCK/SCL=—[]14 15[] =— RC4/SDI/SDA
a
—0d 00
25 99
PLCC E%do'&gg%o
roE=Zereroeoe Z
RA4/TOCKI TONTILNSS
e 39[] -— RB3/P
RAS/AN4/SS o ° 380+ RBg oV
REQ/RD/ANS —n 3700 =— RB1
RE1WR/ANE w—a 360 =—= RBO/INT
RE2ICSIENT < PIC16F877 $eL~— Voo
— 3T -—— v
Vss . PIC16F874 ;57 RSDS7/PSP7
OSC1/CLKIN o 3200 =— RD6/PSP6
OSC2/CLKOUT o 310 =—— RD5/PSP5
RCO/T10SO/T1ICK1 = 300 <— RD4/PSP4
NC 29[] =— RC7/RX/DT
O =N MT DO
NN NN ANNN N
N
8 P
< g 0 N JO-NMm
x 2 Dz ALoRaARSR58
Vol -2358? SCORPBBB A
X005555582 govaaaalax
FeeLedaaor 23380828853
COHITOATOHN™ OOQDDDD\KQ
000000000V CESXXXY STy
QFP CECCETCCEERZ E Q Q
SERRERENS! ;
24
TN~ OO MO
Gr TN ONON
RC7/RX/DT =TI 1 33 NC
RD4/PSP4 I 2 3210 +—= RCO/T10SO/T1CKI
RDS/PSPS =1L 3 31— OSC2/CLKOUT
RD6/PSP6 > TIL 4 303 =+— OSC1/CLKIN
RD7/PSP7 =—=LIQ5 PIC16F877 29T =—— Vss
Vss —=CIO6  pPIC16F874 O .. w2 s
Vop —=CI0 7 270 < RE2/AN7/CS.
RBO/INT <—CTT] 8 26T <— RE1/ANG/WR
RB1 <—~CTT] 9 25T =— REQ/ANS/RD
RB2 ~<—= [T} 10 24T < RAS/AN4/SS
RB3/PGM =—=CIT 11 Nosweroag &gzs'ﬂJ-—— RA4/TOCKI

|

voYwopnares . &
[ealaa] L ZzZz Wy
Z2BEP0SZ2 40
SRES=52

D03 LLIIS
n:n:gﬂfﬂizqzr

£3

g

S
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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and thie PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 DaaBus 8 PORTA
<__ ‘ » RAO/ANO
FLASH -- -L = RA1/AN1
Program - RAM 5 RA2/AN2/VREF-
Memory 8 Level Stack File :_’ mﬁg‘g%mﬁ
(13-bit) Registers 4 RAS/AN4/SS
Program
Bus 14 }/ RAM Addr" = PORTE
7 -4 RBO/INT
Instruction reg B RB1
- P 4 RB2
| Direct Addr 7 Indirect 8 RB3/PGM
» RB4
— » RB5
:| a RB6/PGC
. F;'>| STATUS reg L/_] H RB7/PGD
= : ] PORTC
3 |4 RCO/T10SO/T1CKI
Power-up S RC1/T10SI/CCP2
AL Timer ’ﬁl | RC2/CCP1
Instruction Osciliator N . x RC3/SCK/SCL
Decode & K= | Start-up Timer ALU » RC4/SDI/SDA
Control Power-on B RC5/SDO
Reset / 8 JL—-— n RCB/TX/CK
o Timing . Watchdog N RC7/RX/OT
XK= Generation [ Timer W reg
OSC1/CLKIN Brown-out :}
OSC2/CLKOUT Reset
In-Circuit
Debugger
Low Voitage
Programming
MCLR  VDD.Vss
Timer0 Timer1 Timer2 10-bit A/D
A >
it ? I
if I 1 A
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.

€ 2001 Microchip Technology Inc.
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PIC16F87X

2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 4.0.

Additional information on device memory may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
PC<12:0>
CALL, RETURN 13
RETFIE, RETLW
Stack Level 1
Stack Level 2
L]
[ ]
L]
Stack Level 8
RESET Vector oocch
*
- <}:
L ]
Interrupt Vector 0004n
’ 000zh
Page 0
07FFh
0800h
Page 1
On-Chip
Program < OFFFh
Memary 1000h
Page 2
17FFh
1800k
Page 3
FFFn

- 241 Program Memory Organization

The PIC16F87X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The PIC16F877/876 devices have 8K x 14
words of FLASH program memory, and the
PIC16F873/874 devices have 4K x 14. Accessing a
location above the physically implemented address will
cause a wraparound.

The RESET vector is at 0000h and the interrupt vector
is at 0004h.

FIGURE 2-2: PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
PC<12:0> !
CALL, RETURN 13
RETFIE, RETLW
Stack Level 1
Stack Level 2
L
L[]
*
Stack Levet 8
RESET Vector 0000h
.
. < ":
L ]
Interrupt Vector 0004h
0005h
On-Chip Page 0
Program 07FFR
Memory 0800h
Page 1
OFFFh
1000h
1FFFh

© 2001 Microchip Technology Inc.
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PIC16F87X

(W

8.3  PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin pro-
duces up to a 10-bit resolution PWM output. Since the
CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC |/O data

latch.

Figure 8-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3.

FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers —— CCP1CON<5:4>
{ CCPRIL l
] CCPR1H (Slave)! ]
JdL RC2/CCP1
L Comparator i R Q
=
L TMR2 1(Note 1)]
— S
Comparator TRISC<2>
Clear Timer,
CCP1 pin and
latch D.C.

*

Note 1: The 8-bit timer is concatenated with 2-bit intemal Q
clock, or 2 bits of the prescaler, to create 10-bit time-
base.

A PWM output (Figure 8-4) has a time-base {period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 8-4: PWM OUTPUT

Period

1 1 L [

:4—»' :
+ Duty Cycle !

‘

TMR2 = PR2

TMR2 = Duty Cycle

TMR2 = PR2

8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period = [(PR2) + 1]+ 4 + TOSC *
(TMR2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
* The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note: The Timer2 postscaler (see Section 7.1) is
not used in the determination of the PWM
frequency. The postscaler couid be used
to have a servo update rate at a different

frequency than the PWM output.

8.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRI1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle =(CCPRIL:CCPICON<5:4>) -

Tosc « (TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.
The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitch-free PWM operation.

When the CCPR1H and 2-bit latch match TMR2, con-
catenated with an internal 2-bit Q clock, or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the formula:

Fosc
log\ Frwm

—————— bits

log(2)

Resolution =

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be

cleared.

© 2001 Microchip Technology Inc.
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8.3.3

SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Set the PWM period by writing to the PR2

register.

2. Set the PWM duty cycle by writing to the
CCPRI1L register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISC<2> bit.

4. Setthe TMR2 prescale value and enable Timer2

by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 ' 1 1 1 1
PR2 Value OxFFh OxFFh OxFFh 0x3Fh Ox1Fh 0x17h
Maximum Resolution (bits) 10 10 10 8 7 55
TABLE 8-4: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
Value on: | Value on
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit ¢ POR, all other
BOR RESETS
0Bh,8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF [0000 000x{0000 000u
10Bh, 18Bh
0Ch PIR1 PSPIF("| ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000{0000 0000
0Dh PIR2 — — — — —_ — — CCP2IF |---- --- 0|---- --- [0}
8Ch PIE1 psPiE™| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE (0000 0000|0000 0000
8Dh PIE2 — — — — — — — CCP2IE [---- -=-- 0|==u- --- [0}
87h TRISC PORTC Data Direction Register 1111 1111(1111 1111
0Eh TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
0Fh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
10h T1CON — | — |mickesi|T1cKPsS0|T10SCEN|T1SYNC [ TMR1CS[TMR1ON]--00 0000[--uu wuuu
15h CCPR1L |Capture/Compare/PWM Register1 (LSB) XXXX XXXX[uuuu uuuu
16h CCPR1H {Capture/Compare/PWM Registert (MSB) XXXX XXxX|uuuu uuuu
17h ccPicoN] — | — [ ccpix | oty [ copima [cCPiM2]CCPIM1|CCPIMO [--00 00oo|--00 0000
1Bh CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXxXX|uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX[uuuu uuuu
1Dh ccP2coN| — | — | copax | ocray | ccpaM3 |copam2|ccPaMi | ccPamo|--oo 000o]--00 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0’. Shaded cells are not used by Capture and Timer1.

Note 1: The PSP is not implemented on the PIC16F873/876; always maintain these bits clear.
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1S62C1024

JANYA

128K x 8 HIGH-SPEED CMOS STATIC RAM MARCH 2002

FEATURES

= High-speed access time: 35, 45, 55, 70 ns
* Low active power: 450 mW (typical)
« Low standby power: 500 pW (typical) CMOS

standby

- Output Enable (OE) and two Chip Enable

(CE1 and CE2) inputs for ease in applications

+ Fully static operation: no ciock or refresh

required

« TTL compatible inputs and outputs
+ Single 5V (£10%) power supply

FUNCTIONAL BLOCK DIAGRAM

DESCRIPTION

The ISS71S62C1024 is a low power,131,072-word by
8-bit CMOS static RAM. It is fabricated using ISST's
high-performance CMOS technology. This highly reliable
process coupled with innovative circuit design techniques,
yields higher performance and low power consumption
devices.

When CE1 is HIGH or CE2 is LOW (deselected), the
device assumes a standby mode at which the power
dissipation can be reduced by using CMOS input levels.

Easy memory expansion is provided by using two Chip
Enable inputs, CE1 and CE2. The active LOW Write
Enable (WE) controls both writing and reading of the
memory.

The 1S62C1024 is available in 32-pin plastic SOP and
TSOP (type 1) packages.

A0-A16 [___>

DECODER

512 X 2048
MEMORY ARRAY

vCC —>»

GND —»

/00-1/07 <:>

Ie]
DATA
CIRCUIT

<:> COLUMN 1/O

CE1 —
CE2 —
ﬁ E—
WE —

CONTROL
CIRCUIT

IS8 reserves the right to make changes 1o its products at any time without notice in order to improve design and supply the best possibie proguct. We assume nc responsibifity for any

errors which may appear in this publication. & Copyright 2000. Integrated Sil:con Sofution. inc.

Integrated Silicon Solution, Inc. — 1-800-379-4774

Rev. H
03/06/02



1S62C1024 [SS[®

PIN CONFIGURATION

32-Pin SOP 32-Pin TSOP (Type 1)
\J
NC [ 1 32[1] vce
A16 ]2 31 A1s A11 [ 1 2] o
A14[]3 30]c_E2 Ae ]2 31 A10
A12 []4 2911 WE A8 []3 301 CE1
A7[]s5 ss1 28] A13 A13 []4 2911 1o7
A6 []6 e2c1024 27[] A8 WE L]5 28L1 1/06
A5 7 [ Ao CE2 []s 2717 vos
aa e 51 A1 A5 []7 26]] o4
a vce [ s 251 1103
A3 9 2411 OE NG ]9 2411 GND
A2 [0 [ A10 A16 ] 10 231 vo2
A1 [ 11 2[] CE1 A4 ] 11 2 vo1
A0 []12 2111 o7 A12 ] 12 21 voo
oo [ 13 20[] 1086 A7 E 13 2011 A0
o1 [ 14 19[] 105 A Ly 14 top] A1
A5 [ 15 181 A2
o2 ] 15 181 Vo4 A4 [ 16 760 A3
GND [] 16 17{] 103
PIN DESCRIPTIONS
AO0-A16 Address Inputs
CE1 Chip Enable 1 Input
CE2 Chip Enable 2 Input
OE Output Enable Input
WE Write Enable Input
I/00-1/107 Input/Output
Vce Power
GND Ground
OPERATING RANGE
Range Ambient Temperature Vce
Commercial 0°C to +70°C 5V = 10%
industrial —40°C to +85°C 5V £ 10%
2 Integrated Silicon Solution, Inc. — 1-800-379-4774

Rev. H
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1S62C1024 [SS]T{

\

TRUTHTABLE
Mode WE 1 CE2 OE 1/0 Operation Vcc Current
Not Selected X H "X X High-Z isB1, IsB2
(Power-down) X X L X High-Z Ise1, lsB2
Output Disabled H L H H High-Z lecc
Read H L H L Dour lcc
Write L L H X DiN icc
ABSOLUTE MAXIMUM RATINGS®™
Symbo! Parameter Value Unit
VTERM Terminal Voltage with Respect to GND —0.51t0 +7.0 \Y,
Trias Temperature Under Bias -10to +85 °C
Tste Storage Temperature —65 to +150 °C
Pr Power Dissipation 1.5 W
lout DC Output Current (LOW) 20 mA

Notes:

1. Stress greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause perma-
nentdamageto the device. This is a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.

CAPACITANCE"2
Symbol Parameter Conditions Max. Unit
CiN Input Capacitance VIN = 0V 6 pF
Court Output Capacitance Vout = 0V 8 pF
Notes:

1. Tested initially and after any design or process changes that may affect these parameters.
2. Test conditions: Ta=25°C, f = 1 MHz, Vcc = 5.0V.

DC ELECTRICAL CHARACTERISTICS (Over Operating Range)

Symbol Parameter Test Conditions Min. Max. Unit
VoH Output HIGH Voltage Vee = Min., lon = -1.0 mA 24 — \Y,
VoL Output LOW Voltage Vee = Min., loL = 2.1 mA — 0.4 \Y,
ViH Input HIGH Voltage 2.2 Vee + 0.5 \Y,
ViL Input LOW Voltage!" -03 0.8 vV
Lt Input Leakage GND < Vin € Vee Com. -5 5 HA
Ind. -10 10
ILo Output Leakage GND < Vout £ Vce Com. -5 5 HA
Ind. -10 10
Notes:
1. ViL==3.0V for pulse width less than 10 ns.
Integrated Silicon Solution, Inc. — 1-800-379-4774 3

Rev. H
03/06/02



1S62C1024 ]SS]’E

POWER SUPPLY CHARACTERISTICS™ (Over Operating Range)

-35 45 55 -70
Symbol Parameter Test Conditions Min. Max. Min. Max. Min. Max. Min. Max. Unit
lec Vee Dynamic Operating Ve = Max., CE = Vi Com. — 150 — 135 — 120 - % mA
Supply Current lour = 0 mA, f = fuax ind. — 160 — 145 — 130 — 100
IsB1 TTL Standby Current Vec = Max., Com. — 40 — 40 — 40 — 4 mA
(TTL Inputs) ViN=VHorVit, CE1>VH, Ind. — 60 — 60 — 60 — 80
orCE2s Vi, f=0
leB2 CMOS Standby Vee = Max,, Com. — 30 - 0 - 0 — 30 mA
Current (CMOS Inputs) CE1<Vee-0.2V, Ind. — 40 — 40 — 40 — 40
CE2<0.2V,Vin>Vce - 0.2V, ‘
orVN<0.2v,f=0
Notes:
1. Atf = fuax, address and data inputs are cycling at the maximum frequency, f = 0 means no input lines change.
AC TEST CONDITIONS
Parameter Unit
input Pulse Level 0V to 3.0V
Input Rise and Fall Times 5ns
Input and Output Timing 1.5V
and Reference Level
Output Load See Figures 1a and 1b
AC TEST LOADS
480 Q 480 Q
5V O AV 5Vo——AAN
OUTPUT O—T—o OUTPUTo »
100 pF 255 Q 5 pF l 255 Q
Including I Including
jig and jig and
scope = = scope — —
Figure 1a. Figure 1b.
4 Integrated Silicon Solution, Inc. — 1-800-379-4774
Rev. H
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READ CYCLE SWITCHING CHARACTERISTICS™ (Over Operating Range)

-35 45 -55 -70

Symbol Parameter Min. Max. Min.  Max. Min.  Max. Min.  Max. Unit
tre Read Cycle Time 3 — 45 - 55 - 70 — ns
tan Address Access Time — 35 - 45 — 55 — 70 ns
tona Output Hold Time 3 — 3 — 3 — 3 — ns
tace CE1 Access Time — 3% — 45 — 55 — 70 ns
tace2 CE2 Access Time — 35 — 45 — 55 — 70 ns
tooe OE Access Time — 10 — 20 — 2 — 35 ns
tizoe® O to Low-Z Output 0 — 0 — 0 — 0 — ns
thzoe® OE to High-Z Output 0 10 0 15 0 20 0 25 ns
tzcet®  CET to Low-Z Output 3 — 5 — 7 — 10 - ns
tizce2® CE2 to Low-Z Output 3 — 5 — 7 — 10 — ns
thzce? CE{ or CE2 to High-Z Output 0 10 0 15 0 20 0 25 ns

Notes: '

1. Test conditions assume signal transition times of 5 ns or less, timing reference levels of 1.5V, input pulse levels of 0 to 3.0V and
outputloading specified in Figure 1a.
2. Tested with the load in Figure 1b. Transition is measured +500 mV from steady-state voltage. Not 100% tested.

AC WAVEFORMS
READ CYCLE NO. 102

e tRC -
ADDRESS X
! tAA
tOHA
jt— tOHA —»

DOUT X DATA VALID

Integrated Silicon Solution, Inc. — 1-800-379-4774
Rev. H
03/06/02
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READ CYCLE NO. 20

|t tRC -
ADDRESS X
- tAA b - tOHA S
OE N
© N
| tDOE —— tHZOE — |
CE1 A\ -] 1L 70E 4
N /
|- tACE1/tACE2 - .
CE2 / N
—_/ tizcew N
“tLzcE2 ) tHzCE
DOUT HIGHZ X DATA VALID >_

Notes:

1. WE is HIGH for a Read Cycle. .

2. The device is continuously selected. OE, CE1 = Vi, CE2 = ViH,

3. Address is valid prior to or coincident with CE1 LOW and CE2 HIGH transitions.

WRITE CYCLE SWITCHING CHARACTERISTICS!"® (Over Operating Range, Standard and Low Power)

35 45 55 70

Symbol Parameter Min.  Max. Min. Max. Min.  Max. Min.  Max. Unit
twe Write Cycle Time 35 — 45 - 55 — 70 — ns
tscet CE1 to Write End 5 - B — 00— 0 - ns
tsce2 CE2 to Write End 25 — 35 — %0 — 60 — ns
taw Address Setup Time to Write End 25 — 35 — 45 — 60 — ns
tHA Address Hold from Write End 0 — 0 — 0 — 0 — ns
tea Address Setup Time 0 — 0 — 0 — 0 — ns
trwe WE Puise Width 25 — 35 — 40 — 50 — ns
tsp Data Setup to Write End 20 — 25 — 25 — 30 - ns
tHo Data Hold from Write End 0 — 0 — 0 — 0 - ns
tHzwe! WE LOW to High-Z Output — 10 — 15 — 20 — 2% ns
tzwe?  WE HIGH to Low-Z Output 3 - 5 - 5 - 5 - ns

Notes:

1. Test conditions assume signal transition times of 5 ns or less, timing reference levels of 1.5V, input pulse ievels of 0 to 3.0V and
outputloading specifiedin Figure 1a.

2. Tested with the load in Figure 1b. Transition is measured £500 mV from steady-state voltage. Not 100% tested.

3. The internal write time is defined by the overlap of CE1 LOW, CE2 HIGH and WE LOW. All signals must be in valid states to
initiate a Write, but any one can go inactive to terminate the Write. The Data Input Setup and Hold timing are referenced to the
rising or falling edge of the signal that terminates the Write.

4. Tested with OE HIGH.

6 Integrated Silicon Solution, Inc. — 1-800-379-4774
Rev. H
Gai06/02
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AC WAVEFORMS
WRITE CYCLE NO. 1 (WE Controlled)®?

- twe !
ADDRESS X
tSCE1 —————— | tHA
CE1 N
CE1 N 7,[
- tSCE2
CE2 / N
I AN
|

V= N j-—— tPWE(4) /
WE ) .

- {SA—I= FtHZWE—:] - fLZWE .

DOUT DATA UNDEFINED HIGH-Z
‘4— tSD — =l tHD 4>‘

DIN X DATA-IN VALID x

WRITE CYCLE NO. 2 (CE1, CE2 Controlled)"?

[t twc :%
ADDRESS ><
|
=S A tScEe1 - tHA —y
CE1 §R 7/
tsce2
CE2 / N
./ N
Lt taw -
- tPWE®)
WE 3\ 7[
| tHZWE ———=] — tLZWE —i
DOUT DATA UNDEFINED HIGH-Z /
N
tSD —-ft— tHD —= !
DIN Jg DATA-IN VALID X

Notes:

1. The internal write time is defined by the overlap of CE1 LOW, CE2 HIGH and WE LOW. All signals must be in valid states to
initiate a Write, but any one can go inactive to terminate the Write. The Data Input Setup and Hold timing are referenced to the
rising or falling edge of the signal that terminates the Write.

2. /O will assume the High-Z state if OE = ViH.

Integrated Silicon Solution, Inc. — 1-800-379-4774 7
Rev. H
03/06/02
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1IS62C1024
ORDERING INFORMATION
Commercial Range: 0°C to +70°C
Speed(ns) OrderPartNo. Package
b 1S62C1024-35Q PlasticSOP
35 1S62C1024-35T TSOP, Type 1
45 1S62C1024-45Q PlasticSOP
45 IS62C1024-45T  TSOP, Type 1
% 1S62C1024-55Q PlasticSOP
55 1S62C1024-55T TSOP, Type 1
70 1S62C1024-70Q PlasticSOP
70 IS62C1024-70T  TSOP, Type 1
Industrial Range: —40°C to +85°C
Speed(ns)  OrderPartNo. Package
b 1S62C1024-35Q1 PlasticSOP
35 1S62C1024-35TI TSOP, Type 1
45 1562C1024-45Q1 PlasticSOP
45 1862C1024-45TI TSOP, Type 1
% 1862C1024-55Q1 PlasticSOP
55 1S62C1024-55TI TSOP. Type 1
70 1S62C1024-70Ql PlasticSOP
70 1S62C1024-70TI TSOP, Type 1
1 S S 1 '
Integrated Silicon Solution, Inc.
2231 Lawson Lane
Santa Clara, CA 95054
Tel: 1-800-379-4774
Fax: (408) 588-0806
E-mail: sales@issi.com
www.issi.com
8 Integrated Silicon Solution, Inc. — 1-800-379-4774

Rev. H
03/06/02



SN5415590, SN54LS531, SN74LS530, SN74LS5h91
8-BIT BINARY COUNTERS WITH OUTPUT REGISTERS

SDLS003 D2632. JANUARY 1981 — REVISED MARCH 1988
e 8-Bit Counter with Register SN54LS590, SNS4LSS591 . .. J OR W PACKAGE
SN74LS590, SN74LS591 . . . N PACKAGE
* Parallel Register Qutputs (TOP VIEW)
¢ Choice of 3-State ('LS550] or Open- ag [y Uis[d Vec
Collector {'LS591) Register Outputs Qc (Jz s Qa
e Guaranteed Counter Frequency: Qp s 4[] G
DC to 20 MHz Qe [Je  131] RCK
QrF (s 12[] CCKEN
" description ag Qs 1] cck
These devices each contain an 8-bit binary counter that aH {7 10% CCLR
feeds an 8-bit storage register. The storage register has GND [: 8 g RCO

parallel outputs. Separate clocks are provided for both
the binary counter and storage register. The binary
counter features a direct clear input CCLR and a count
enabte input CCKEN. For cascading, a ripple carry out-
put RCO is provided. Expansion is easily accomplished
for two stages by connecting RCO of the first stage to
CCKEN of the second stage. Cascading for larger count
chains can be accomplished by connecting RCO of each
stage to CCK of the following stage.

SN5§41LS590, SN54L§591 . . . FK PACKAGE
{TOP VIEW!}

Both the counter and register clocks are positive-edge
triggered, If the user wishes to connect both clocks
together, the counter state will always be one count
ahead of the register. Internal circuitry prevents clock-
ing from the clock enable.

. . NC - No int f ecti
schematics of inputs and outputs o inemaf connectian

EQUIVALENT OF CCK INPUT EQUIVALENT OF ALL OTHER INPUTS RCD OUTPUT
v v, vee
ce 10k§Y 15 k§2 ce X Req
NOM NOM
INPUT —T—K * ineuT—
4
et - --- %& ouTPUT
l h 4 . o
la .
L L._,J'
& b P

RCK: Regq=10k{2 NOM
ALL OTHER: Rgg= 12«2 NOM

TYPICAL OF Q QUTPUTS (‘LS590) TYPICAL OF Q QUTPUTS ('LS591)
Vee
r OUTPUT
OUTPUT g
[ e
Pl

PRODUCTION DATA documents contain information .
cusrent as af publication date. Praducts conform ta %
spniﬁc;u'ol: por tha tarms of Taxas lnstéumnms TEXAS

d y. Production pr ing does not '
necessarily include I;;sling of :ll parameters. ]N STRUM ENTS

POST USFICE SOX 335072 ¢ JALLSE TFXAR TZIGE



SN54LS530, SN54LS531, SN74LS590, SN74LS591
8-BIT BINARY COUNTERS WITH OUTPUT REGISTERS

logic diagram (positive logic}

114)

G

{13}

RCK

L —

Pin numbers shown are for J, N and W packages.

8) e
 115)
T P R p— Qa
> C1
—o>o —dr R B o *—D—
T {
g jm
L—-q R Qg
=7 P *=>C
[ (2}
- 1R o &-00
=7 o>t
¢+————an T 15 {
>
(a)
b LS
=7 [ 2o 2]
+————QanR T 15 —
] P (a) a
b T > 1R b €
¢t
————QR - "qi =T
L
} 15
- - IR - —Qr
*+a=>>C1
R 1$
L =
I ey S W ), LI
> C1
—qh L 15 )_I
l 1 P n - :f/t TL
Lot ¢t
e, L] 15

TEXAS'*Q

INSTRUMENTS

* DALLAS, TEXAS 72263

SUST DFFJE 20X 4358

212



SKb64L5590, SN54L5591, SN74LS590, SN74L5591
8-BIT BINARY COUNTERS WITH OUTPUT REGISTERS

logic symbois?

‘L5590 ‘L5591
g% ndena E—h‘": EN3
rek L b o acxiBl 5 o2
"2 CTR8 — (12} CTRg
ccnceu—“-b G1 . ccx:u‘_zb.-m °
(1 : P 1+ ICT = 285) Z4 4+ a2 5 mx%—:» 1+ {CT = 255) Za + Py ST
oA Nfer -0 A SlR—DMer=0
r [ L
{15} {15)
20 D 3VF—r—0A 20 > 39| o Qqa
Qg Qg
L2} oo TN
13 13)
o a
@ 0 14) °°
51 OF Bl oF
Q e 15
i6) og 6) g
21 q, D g

TThese symbols are in accordance with ANSI/EEE Std. 91-1984 and IEC Publication 617-12,
Pin numbers shown are for J. N, and W packages.

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Voo (seeNote 1) oo oo e e e 7V
INPUT VOlTage . . . 7V
Off-state output voltage. ... ..o e e e eiiaiieieee... BBV
Operating free-air temperature range: SN54LS590, SNS4LS591 .. ................. e — B5°C ta 125°C

SN74LS580,SN74LSE9T ... ..o i .... 0°Cw 70°C
S10rage temMpPerature TaNGE . . .. .\ vttt e e et e e e e e e e —65°C to 150°C

NOTE 1: Voliage vatues are with resoect to the network grouna terminal.

recommended operating conditions

SN54LS’ SN74LS’ '
MIN_NOM_MAX : MIN NOM Max | "o
vee Supply voitage 4.5 S 55 ' 475 5 5.25 1%
ViH Hign-level input voltage 2 H 2 v
Vig Low-ieve! input voitage 0.7 . 0.8 v
Vor High-level output voltage Q. 'L8521 only 5.5 5.5 v
IOH High-level output current RCO il _! mA,
Q, 'LS590 oniy —1 ~26
oL Low-.evel output current RCO 8 16 mA,
o] 12 24
fecek Counter clock frequancy 0 20 20 MHz
fRCK Register ctock frequency 0 25 0 25 MHz
twi(CCK) Duration of counter clock pulse , 25 25 ns
TwWi{CCLR) Ouration of counter clear puise I 20 20 ns
TWiRCK) Curation of register ciock pulse 20 20 ns
CCKEN iow befcre CCK * 20 20
tey Setup time CCLR inacuve sefore CCK?t 20 20 s
CCK before RCK ' Isee Note 2) 40 40
i h Hold time CCKEN low afrer CCK t 0 0 ns
[ Ta Ooerating free-air termperature — 55 125 0 70 'C

NOTE 2. This setup time eqsures the register wil see stabie data from the caunter autputs. The ciocks may oe t.ed togethes 1n which case the

register state will be one clock puise beh'nd T1e countar.
*

Texas QP
INSTRUMENTS

PLST OF9ICE BOX §55C12 » DALLAS. TEXAS 75255




SN541L5590, SN54LS591, SN74LS590, SN74LS591
8-BIT BINARY COUNTERS WITH OUTPUT REGISTERS

electrical characteristics over recommended operating free-air temperature range (unfess otherwise noted)

PARAMETER TEST CONDITIONSt SNS4LS SN74LS' UNIT
MIN TYP$ MAX MIN TYP} MAX
Vik Voo = MIN, | 1 = — 18 mA -1.5 -15 v
l =—1mA 2.4 3.2
"LS590 Q Voo = MIN, V)= 2v, OH
VoH Vi = MAX loH=—26mA 2.4 31 v
RCO L lop=—1mA 24 3.2 24 3.2
\Y = MIN, Vig=2V, Vv =55V,
IgH | 'LS591Q ce tH OH 0.1 01| ma
V)L = MAX
a loi. =12 mA 0.25 0.4 0.25 g4
v Vee = MIN, ViH =2V, loL =24 mA 0.35 0.5 v
oL - — V|| = MAX ToL-BmA 025 04 035 04
: oL = 16 mA 035 05
VGG = MAX, Vig=2V, ViL = MAX,
| ‘L8580 Q 20 20 uA
0zZH Vo =27V
Veeo = MAX, ViIH=2 V. ViL = MAX,
lazL | ‘Lsse0aQ cc tH L - 20 -20| wua
Vg=04V
vl Voo = MAX, V=7V 0.1 0.1 mA
™ Voo = MAX, V=27V 20 20 . uA
i cex Veg=MAX, V=04V - 08 "8 A
L All others ce R —02 02
- ‘LS580 Q Ve = MAX Ve =0V —30 —-130 | —30 - 130 mA
ost %75 ce © 0 —%0 100 | — 20 7700
iccH 33 55 33 56
: ‘LS590 Iccu Voo = MAX, 44 65 44 65
i Ice lcez | All possible inputs grounced, 46 65 46 65 mA
‘Ls501 IccH All putputs open 35 B5 35 65
ceL 42 65 42 65
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
1 All typical values are at Veg =5V, Ty = 25°¢C
§ Not more than ane output should be shorted at a time and the duration of the short-circuit should not excead one second.
switching characteristics, Vo = 5 V, Ta = 25°C (see note 3)
FROM TO 'LS590 ‘LS591
PARAMETER TEST CONDITIONS UNIT
(INPUT) (OUTPUT) MIN TYP MAX MIN TYP MAX
fmax RCK Q R = 667 Q, C_=45pF } 20 35 20 35 MHz
t CCK1 RCO i 14 22 16 24 ns
PLH —— RL = 1k, CL=30pF -
tPHL CCK1t RCO i 20 30 25 38 ns
tpLH CCLRI RCO ! 30 45 32 48 ns
tPLH ACK* Q 12 18 25 38 ns
t RCK* Q 22 33 28 42 s
PHL = Ry = 667 S, CL=45pF
tpZH Gs Q 25 kt:] ns
1pZL G4 Q i i 20 45 ns
t Gt Q ! 20 30 ns
PHZ & R = 667 2. C_=5pF
tpLz ! Gt Q 25 38 ns
t G* Q 34 50 as
PLH l RL =667, C =45 pF
tppL ] (A Q 32 48 | ns

NOTE 3: Load circuits and voltage wavefarms are shown in Section 1.
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