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control by micro controller.
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Chxracier Posmon 1 Charoctut Posihoi

Farst
Scan Lmq

Second
Scan tae

Sixth
Scan Laws

Ssaventh
Scan Linn

317 2.8 M3fuiinaIonys

o o e Al 1 A
AIDNHS ILYNUAAINAUUIBNINIZ 0 B lug uuUYDI9AS oA Dot Matrix B4
= 1 a J ; b% 2 ’ pai (]
wasgiunldegie 5 x 7 uuasndg dizaoaaunu 10 1duFesaune Blank Line Adoaldiiiuges
4
1 . - . 1 a a ouias, CY o
Nszneasnysluwaazues  dululSyaninuiatiul Ty 1 usiieuaaeddnns

b [ Pat ~ It L 9
YUIA 5 x 7 Dot Matrix A3 IugU# 2.9 uazlu 1 Wsuvessodorsiiazuansddnusld 16 uan



i B

' 8 DOT

5 DOT

12 DOT 7DOT

311 2.9 vAvey | FI0NYS

Y
mszngulu 1 msuszamisonaasddnys IaWiny 32 x 16 =512 §18nu3
v W W = a o @ 9 o £ w
sHaaronysnaaluszuyluTnsaounanasinee ldsvia ASCIE 3lusia ASCII
a (] N\ P v o a
wdvagnilvusglugiues Dot Matrix Faag 1 emiluduny narlsoue ldmaiavens
.Y { (<] \ 1 [ q’/’ 4 1w
look up tablc A250U7 1901 Dot Matrix (58031 Character Generator A1 HI0ADINITEIA
8nus lluansinon e daga lunsaziea lusangdudusiames (Raster) aaomsaunuau
AU 7 LABIAIDABTMISANNUL 19@EIY  (counter) FAoHUTMIULAIVDIgATIH BN

) [ d' s :/l M 9 Y A = a Jd
ﬁWﬂ‘i‘Uﬂ'l‘iL‘lJﬁﬂu‘i]"lﬂﬂﬂLﬁuﬁiyiLﬂmﬂTWS’]ilﬂﬁﬂ"l’iffﬂﬁﬂ(jmu"lmt‘lﬂ"lf@”lﬁ’mﬂu!,ﬂﬂi

2.2.1 MR uHAAI9NHS (CARACTER GENERATOR)
@ o a o @ a a a'tdy Y A 2= o o L a
atutiaa0nys lulSyaniwustily 30139 Aaeulnsames 1Wes MC 6847 Fu5on
[ L7 [+] =Y -7 7 é ‘& L7 (-7 3 H ;
1 g uaa0nysnely (Internal Charactor Generator) mﬁmmaﬂyiﬁ]zi%zﬁaﬁﬂlawms
AU 12 dunds Tuudazdumieazlvung 8 1n luduvesddnusnasens lvaeay
Tsunsu “1” adld wazdruludinvesdrdnysn ludesms Idaneee lalsunsy «<o” aslyl

wulugii 2.10
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ADDRESS DATA

o
=
-
=]
o
=
[
o

=
=3
=
=
-
=
=
=

A

S

A

B
§x TMATRIX

—
1 CHAR 8x 12 MATRIX

N3

O O OGN

d' Qs L L% o/ ' o
319 2.10 Mede Ilsunsudonys Tunteanui

VY 9 a a J % dy kY P & 2=
wonanawnesneluudy luilsyetdwusaduiildeonuunld o159 asulnsa
o a [ VY 9 v o
o3 munsnlaiuiiasionesneusnld (External Character Generator) lagl9miiaen31197
=1 v o v o
nwsou Huduud NS
Kl 9 v v Y
MINIZUAAINNDUIOTD T NUUN WA AT IFIAUAWALD 50 Hz a91iudh
@ @ P=| g Y o =~ =1 3 é a dé =
MINUAAIADNHIVUTDITN 22ABININITTINGY (Refresh) 89 50 ATIIUNTIOIUINTINTT
dw o d' ] o [} dwq i T A - o d' = Lg=1
wlsrtlagiiintlsauddIuiliEen1 29 Tousy (VideoRam) $1UIUNUAAILUIDTDITNDL
aninalaguuianiud (Bandwidh) ¥oun5e95y Taovia 1l Insvimisgaansauaasdionys
9 v L é d’! 9/ A v @ 09// v @ [ & d'
18 32 @190H5 16 VTTNA FUUDIINLAIILTAIDAININUA 32 AI0NHT 16 VITNA  FaUID
v v
SAIUURVZ LA NHTTINUA 512 A10nHT agtumsaunuuaaziduee lnalseuim 63.5 Ty
a =1 . Y] 9 a = é dy g/ Y o [} do @ v
Tas3u uaazonuysee lgnanlszumn 1.98 Tulasiuy Fanartezdesliduiusduiuesa

bt ' o & IS a [
1381 Access time mawmammmmmmﬂizmm 0.7 13JIﬂ’i’JLlTﬂ
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2.2.2 matJawdudayanan I (CONVERTING TO SERIAL VIDEO)
Y v W £ o [T P~ - o a
AU 0nEIFUNVIUAISUTADNBS (Character Generator) Tuanyme 8 Tnayuy
d' 9 [} v @ @ 9 [ a A Jd d' c; 9 Y v
1IDADINIAITHAAIDNBIODN WADIHIUINAT VAT  worlAsugivoyalvieglugiuu
1 a z:.\; [ 1 ¥ (Y o J a
aynsuneuigrifsuiiudyanaunmitunimiossuinsmi 2esnfougiwuudoyalu

JUR 2.11

LATCH

Ty CHAR
AsciL 4> GEN

|
1 I
’ YYYVYVYVYVY
SERIAL OUT

SHIFT REG »

LINE SELECT

CLOCK

511 2.11 299sulfeudoyaiiiuoynsy

v
nagldrfiitiaddsnusi lidyapuseniiusdaunidmivudazidusiauead o

Y Y 9 Q= 0 oA O, ~ o Y & o A Y1
gniloudnumsduduesdituiadua s wazzimedyaa 3 dudududenliiie

Y
<] Y v @ y v o v o 3
Lﬂu'ﬁ‘ﬂﬂ"u'ﬁ)\‘lLm'ﬂﬂGU’ENﬁ’)’ﬂﬂ‘lﬂi@i’]ﬂv],ﬂvnﬁﬂ'\uﬂl’ﬂ‘ilﬂﬁzﬂﬂﬂuu 5 ﬂﬂﬂl@ﬁﬁ'ﬁ@ﬂ'ﬂ‘iiuuﬁﬁ%

[l £ v a da 4 d' 1 =~ a Y aa 4 (v [
unnezgnautn lfsdwyis smansiodnon lilfinzinldmAaTowivn - Smzmsdade

[

YADONUARY 1N 2 NAILRUATYYIWUIRN (Clock)

o



1of7

I

CLK —_—

12

35 bit

Memory Device

Row Select l:>

Shift Register
( Parallel to Serial ) ——3p TO VIDEO

51 2.12 mydadoyalds VIDEO

S Y a A

& . o L ¥ Qr
ez fideynng 4 vilandosthwuis v esauiludyanuniwde

4 o
1) YAGILNUAIBNYI

2) dayaungnsuaaeanal (146 m50 CURSOR)

3) CURSOR

4) dgana HSYNC uag VSYNC

Y

v 9 b4
Fmiumsnasudaanants 4 stalddudyananmiiueeld Andog Mixer fludn

S & A
nitsugseaslugdn 2.13
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DOTS _l—l_
| .
L e ek
—p| ANALOG
] MIXER > VIDEO
H SYNC — p
V SYNC |

31 2.13 mssaudyauarefudyauniw
(9 Qs A a o [ (] v o A (%
seaudyanunldlumsdwnesimaduviDEOwegsz e 0-2 Taavi lasfiussdiu 0.5
o @ o [ [ % [
-0.75 12V 9ZLMUsZAUA (Black Level) MagsgaULIInt].5-2.0 1oz unusea Uy

2 !
(White level) aananelugiln 2.14

INTERACE

TRANISTOR TV

LEVEL LEVEL
WHITE 1.562V 2V
GRAY 1
BLACK

05V

ov v

SYNC

31/9 2.14 Tyay194 COMPOSITE 1182 SYNC

L1]

o a o

a =] 1 1 [ d’l a o
gl 214 ssmunildygaderegiedyanuteinnunihaesiad 47

Tulasind - wasdygiugavuazgadindnsiaswiuinlasszaiegsznie  0.5-2.0

é d‘ aQ g J A d'
Taan FanmnAeduusazsiudaslugilf 2.15
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DISPLAY ON SCREEN

< —>
WHITE 7 100 %
BLACK L 25 % to 30 %
SYNC : U : ‘ o
; \
L e =

V d47us -~ 457 us —>
' ' '
‘

\BLANK TIME | USABLE DISPLAY TIME
| :

18.3 us
. ;
——— LINE TIME 6dus =~ ————P=
‘

3191 2.15 TV TIMING

TuTnsimingg lifanazegfisedn 100% wazdf19zegsea 25-30% uaz daygo
a = [ :/’ v o =2 o =
FIRL OGN 0 % L3WUNS 2 Bnszaumgansgegatlszanm 2 Toavi waznanldlumsaunu

1 1< a

uraziduszidiues.s Tulasdui

Ay WiumswauiSeudosnds ( composite video ) 92NADALIATOISUATIA

o sas o s A Y Yy ] 3o

PMNNVDIA IDAMAADS INBLIIAINA TAIAY LANIABINITABINNNISE BB INAIZADIHIU RF

Modulator ﬂ"e)uﬁﬁgﬂ‘ﬁ 2.16

CHARACTER |__,| VIDEO »> TV VIDEO ENTRY

L

GENERATOR OUTPUT

] RFMODULATOR |—
TV ANT ENTRY

51/#1 2.16 VIDEO OUTPUT AND RF MODULATION
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2.3 CRT CONTROLLER

a I % s a a P

9157 Aou InsaweiueinlFlulSyn inuiifio MC6847 Y99 MOTOROLA

v

MC6847 Video DisplayGenerator (VDG) Hag I lumssuwmesiaiululasaeuinames 8 1
o./ 4'1 == - - | o % 1 o 9/ 1) aa 4 =< d'
AuAIeesuNIaNIev a1 aeansthld1dnuves vbG wu 3alownud msdnyt msde
15 uag n5IAA A199

VDG 81wdeyann  Video Memory Uagaiadaansnwsaufidiy Alphanumeric

v b4 v
130 graphic dgyaumusIniaiwiunietniliueagaanuvesdyiu 3 13o 4 Tagly

'
[

MCI1372 dyanafignuesdoatdimininaenuniessy Insimi ldae

EY Vv

2.3.1 nauaniinvesved loFnuiladuaann (VDG)
e leafuindygmunwm (VDGegluaszna M6800, aszna M63000 wagluTaslisme
s4
DT O
o a v v Sl 1 Y P
e Autalnuauaasfrgnysuazdyanyanaeny 4 Tnue | Inuanensvida 2 Tvua uay
T11A GRAPHIC DISPLAYS tiagla 8 Tnue
® TnuauaaIAIonNys 32 AIADLITNA LIaelA 16 UST9A
0 v
® 135U MULTIPLEXER ¥ioginiolu MC6847 fawsnld wiitsausi RoM nolunse
910 ROM Mmeusnla
® ﬁ%ﬁx‘lﬁ’mumﬂm R-Y 10 B-Y d@M3Y External Color Modulator
® Tnuans MHALYIAAIING 64x64 , 128x64 , 128x96, 128x192 ©T8256x192 Density
o Tuuaduns il i 2uuy fe2 T uaz 4
v o 4 Awv a o o 9
o 145 uiu MC6883 (74L.5783) dailu lodafimane Synchronous Address 1@

[ 1 4 9
o 191dnuuasgIu NTSC nioadoula



232 VDG SIGNAL
ADDRESS OUTPUT LINE (DA0 - DA12)

vDG wldvianua 13 1y Tumsaunu  Address memory  lnoi3uduae Display
memory sziudumisfieguudiogavesse VDG wiuneansaTUTURIIRUMI AT
mannanndelyauazanuuliang Address line aiig Compatible 1 TTL waz 20

a a o e <

ANNZOUNUAUFFI 1D MS PIN TU * low
DATA INPUT (DD0 - DD7)

9

Data line i 8 tdu uaz Compatible fiu TTL 9x1dlupisiudeyann RAM fign
Process 10t VDG %’agaﬁyﬁ)zgn Interpreted tazdernu ludludgyanagiuuud (11 28 ) uaz
Color output A taz B (v1 11102 1 10)
POWER INPUT

vee 15+ 5 Taani

vss 1% 0 Toav tndezasnsng 13
VIDEO QUTPUT (JA ,JB, Y, CHB)

Lﬂuﬁmmumxmﬁwwmemﬁaﬂ‘ﬁ'i%”lumimﬁaué’wgﬁuuuvﬁmzﬁiﬂﬁaaﬂéaa?uﬁ
AlAgku MC 1372 RF MODULATOR 13e019d8 Y , DA , B Tasasafiuiis unnild
LUMINANCE (Y)

Wy 6 Level analog output sgnoudae Composite Sync Blanking 161 4 Level 994
Vidco luminance
(DA 17lu 3 Level analog output 1411m3 Combination 11 B uae Y output o muadla
Hnilalu g &
OB i Level analog output 1% uMs Combination iy A Lag Y Output Lﬁﬂﬁ‘lﬁuﬂﬁiu 8
& wonni Analog Level iz 1961unna1wes Color Burt Reference Signal #20
CHROMA BIAS (CHB)

Pin fiﬂu analog output GAIN‘DS%@ D.C. reference ﬁﬁaﬂﬂﬁadﬁuﬁﬁ quicscent 1990 A

waz JB CHB 1% quarantee good thernal tracking LL0¢ minimize the variation between the

parts
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q1rntons

A
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SYNCHRONIZING INPUT (MS, CLK)

THREE STATE CONTROL (MS)
zcompatible 1) TTL 0 low 929011% VDG address linc agluanizdunuaudgs
c’éwmzﬁlﬂzﬂaﬂﬁqﬂﬂiﬁﬁm (194 MPU) address display memory (RAM) ‘18

CLOCK (CLK)

VDG clock input (CLK) ABINT 3.579545 MHZ (X33 ) TV crystal frequency
squarc wave duty cycle 989 CLK frﬂzﬁ'magjs:ﬁdw 45 % M 55 % 31z uzAIuAN
anuninvpAnZgAUNIBTT MC 1372 RF Modulator 711993 19970 3.579545 MHZ CLK
ATAAlsAaiifunudesnis
SYNCHRONIZING OUTPUT (FS , HS , RP)

Wy TTL Compatible outputs ﬁﬁ"l%/ NIV ﬂsﬁag]mauan VDG ‘ﬁﬁ timing reference
11 internal VDG state ﬁdﬂ'avlﬂﬁy

FIELD SYNC (FS)

Transition 910 high 1 Tow VDY FS output i)&'&ﬁﬂ‘ﬁymﬁ@ end of active display arca 1u
Fo4 time i &vaLa: MFG, WA RSB access display RAM 18 lag'l3iifiants flicker
YLD transition IINAUT UGS Y09 FS s oL trailing cdge Y04 DI FIANAT

HORIZONTAL SYNC (HS)

“HS pulse wiAnIUEDs0 G Rad iomiaelng VDG transition 910 high ({1 low
494 HS output 92iAnd LN Zeu iy leading cdge 404 HipgosTIARAT

ROW PRESET (RP)

Lﬁaé'mmﬂ%' external character generator ROM iU VDG 8814 15Aa13external 4 bit

counter dzApediwuie 14 lumsidenuna s2gn clock Tnelddagas HS uazezindes Tas

doam RP

46543



MODE CONTROL LINES INPUT (A/G,A/S, INT/EXT, GM0, GM 1, CSS, INV)

1IN0 IMuaYed VDG 1891na1s1ed 2.1

A15199 2.1 IMUAN1319UY9e VDG

AlS INT/ INV GM2 | GMI | GMO | Alpha / Graphic Mode Select #of
EXT Color

0 0 0 0 X X X Internal Alphanumeric
0 0 0 1 X X X Intemmal Alphanumeric Inverted 2
0 0 1 0 X X X External Alphanumeric
0 0 1 1 X X X External Alphanumeric Inverted
0 1 0 X X X Semigraphic 4 (SG4) 8
0 1 1 X X X Semigraphic 6 (SG6) 8
1 X X X 0 0 0 64 x 64 Color Graphics One (CG1) 4
1 X X X 0 0 | 128x64 Resolution Graphics One (RG1) 2
1 X X X 0 1 0 128 x 64 Color Graphics Two (CG2) 4
1 X X X 0 1 1 128x96 Resolution Graphics Two (RG2) 2
1 X X X 1 0 0 128 x 96 Color Graphics Three (CG3) 4
1 X X X 1 0 '| 128x92 Resolution GraphicsThree(RG3) 2
1 X X X I 1 4] 128x192 Color Graphics Six (CG6) 4
1 X X X | 1 1 256x192 Resolution Graphics Six (RG6) 2
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= (v J
2.4 ngufuazvann1sves lulasnoulnsanss
14
2.4.1 lulnsnoulnsataes 8031
&
8031 ululnsaeuInsaaes Tuaszna Mcs-51 Fufiululasnounsamodania
aQ Y Y 9/ Ad w (] < 1Y o’/, s
8 un  anunmmimiauma lulagnwen lledwsiass  daiululasaeuinsanes
¥ v
aszna MCS-51 veldnefuiadan lastimsldinalulad HMOS anwdwinuasfuiy
Yt dy 0 = o A o g7 9); 9
AN nvesR e Idinniu iy Swesndemsuuveynsuiesunasdadoyald
v ' v v v v
Awdues uddenlFlumsdsultsunsu it wildnaluidassidaduas uazd
U A A 44? ] o 9 = ' Y dgl 1A 3 ::iy o
denviugeih limsenldsunsuadesdanaz dzaaniumnnduanin Aematinisih
I 1 2 o
lulasnoulnsamesaszga Mes-s1 - lihlsgndldauludin s 1dazaqn
wazadedn Idsuanuioediumsnatsuauszun LA 9 STusEILAIURY
e ldWihmeluin sevuuaaamanesszuudouss  Judu ifisennlulasaealnga
) oy o < £ 1

DOINVIAANUEININGINDANAIS — cNsa 1T I ez yana1eds lifins

o A ro 9
mmmw"lwm%umﬂ

AantAnaulavee 8031 1sznaudiy
' o I
1. vueanmdwuy RAM Aoy 1281usi
= a o
2. nvsvoaFammesnily
o y A 4
3. awafhmsiszanasadoyauuuiinla
4. WOSADUWNIDTAWNLULUUIY ¥10a 8 1N §113U 4 Wesa aunsauonyiadoing
a5y Dndygudunn/ wimmdiuau 32 dn
5. awsoiuazdetoyaoynsu 1A luda
6. musnieNARiUMEA MU T1sunsUAIBUBN (external program memory) IAuBA

o ' a 4
gumvaeamsa lang 64 A laluv
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2.4.2 amilaenssuves 8031

8031 1 Block Diagram 914317 3.1 15z noudae dausne) aeludail

Po.a-Pos Peo-Piry
R b B R o 4
bikaupabalat bl A s ; R R
- g g :
Vo I Py o ; 1 Drivers I !
j sl ‘
e - ‘ i

[RAM adgd

o
| | 3
! { "‘E}:“J“ = ROM f '
[ “‘._'V { |
| YT i 1)
' L i 'Y
| ESENER P
v b
2 ~

S:(ur:k ]
!('Ui!)('.“l’

P [ IMIT 2 i | 'mv.] RS ST T B R v ooy O RS .L"»*\ ‘
R tag L PENLRCON W‘E’H”‘W] e i 1

B

Re ¥

B > e e [ e
::;/; { ¥l § ; i P P :
e ) ¥ Ahle & llsen

Miterrupt, SSeeal

{
|
§ : ’ ;
y 7 1 %Ir»n}zv;nr:vk‘x ‘gr\;-/,
1}
|
|

Poreadd” Thaner Blacks i

A LG !
4 b ! S

abmar s 2 AW RN =184 |

e AR Wl § B e } DIER (02X |

91 2.17 anilaenssuves MCS-51

2.4.3 whaanudiveyamely
MCS — 51 $ineanuiine RAM Tuasina 128 Tuvt wieldaulsznvesms 1y
v

UA9

1. USonueanse 00H-1FH $1uau 32 1oy wiesnilunqunounsd (Bank) ¥4

v o

Y v
Foyadniou g lusl $1uou 4 nqu Auvesdeyalundaznguazgnldnulugmzves 33a

Y o

Sl & ;
wodldaunaly Fali53eees RO-R7 A9A1319% 2.2
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~ < A A Y 1 [ Il 4 I I A
NAT N 2.2 %xmmwammi%ﬁmas"lmmzag“lus%ﬁma‘nmaﬂiﬂﬂ%zu%a RO-R7
A [ :‘/ Qy @ :/l 9 9 9 o a ot A Fr=v=% o o &
MUDUNU NITTU muuiumﬂmmvfﬂmzﬁm‘mmﬁmwmwzmaﬂ%iﬁmmammﬂﬂ BN
A os/’ o ys o r A A (] At J [ ~ A a
1Uﬂ1‘iLﬁ8ﬂuuW11ﬂ lﬂﬁﬂﬁﬂWﬁuﬂﬂ"l‘U‘VWl@EJﬂ"lUiuSi]fﬂﬂ'f]'i PSW @a3@19 19N 2.3  WBUN1
° A % o 3 o e ' P e ° )
mwum%amasumﬂmzmamuaawuwnuwmmmauwmﬁammiam“lﬂ“lmm“lu
v
anvazvaamizeanuiideyaniluauilng Arwmsdeninenvveeasatiulasase

-

a o A d}l /:;dyd [ ) 17 y &
2. YIIULDARATE 20H-2FH 21U3U 16 Il‘l_l‘V] mnmwuwmﬂumummuéﬂ% YIS U

€

aNumAEA e lnnmiteawdidiudueg tesandldmusadisteniasanudwnmil
91:: [ d Y (] a A a 9 £ @ o’/,
Tansludnvuzvedluideyaulnd  vieevsziiiuindeyalalasase daiuninuesly
@ S 4 y dd{ a o a k4 9y =2 a = o .
anvazvesindeyaudd sxlinuiiaansuuuinlilsauldninds 128 dn TasAduma
a Q A Q' Q/ a u o W ; 4 a
usnvestineziluinFusmivanimisdydiga (LSB) veweanst 20H 1500 11 sudeiin

o w

d’ é ~a L
N 127 mxﬂuuwuﬂmﬂiyq@qv\ (MSB) ¥®LaanI el 2FH

d' o ] == 76 ¥V o'/
A1IN9N 2.2 LLﬂﬂQﬂTLLﬁHQLL@ﬂLﬂSﬁﬂI@QS‘ﬂﬁlﬂ@'ﬂ%ﬁu‘ﬂ’ﬂﬂ

uaAIASE SFemesuun FoTamnosldan
00H — 07H 0 RO - R7
08H —OFH I RO~ R7

10H —17H g RO —R7

18H - IFH 3 RO~ R7

~ A aa s o A ’q ¥ o
ATT NN 2.3 ﬂ"lﬂﬁ?)ﬂiﬂﬁlﬁ@ill‘ﬂ\iﬂ‘ﬂaﬂﬁi]ﬁm'ﬁ]ﬁcl‘iﬁ”lu‘ﬂﬂ]nlﬂ

Soames I RSI iin rRS1 AMurHInga NN
LSS 0 0 0 0000H
LA 1 0 1 0008H
LA 2 1 0 0010H
LUNF 3 1 | 0018H
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a J
2.4.4 WOSMIDUWN/INWNUDI 8031
s a Y s A v
Tulasnoulnsomesaszga MCS-51  filasserdevoanasniienuisnldauuy
Yo :,’ o = A~ o w o o W
yuldduaunanue 4 wosn BenveBvemudwuiiunesy o, 1, 2 uag 3 awdwudiy
14 v ]
Wosnwwas U vanua M3 ldnunesnawnsadidnaludnsazveadudagraufng
A 1 1Y 3y ¥ d’l 4 @ o k% A = 19q d a
vsonquuesdn M ld usnnniwesy 0-3 decunsni U ldnuouqi lilswesnounyw
e Y o ° Yy Ao a o o t o 7o o g o o
PN 1A Tagwesn 0 Himihlaamangsenistiauoamsd luia uaziadeya dmsy
o u‘/’ A 1 o a g 3 [
Noiv 3 tlu uenmilennanuEINIaUNesNRaLAY s T undyauvess
£ 4 ' '
BuRBSsNAeY sawnsadedyaualugy RD\ wag WR\ eshmtiine wuaz@oumion
o 9 9y k% Jd @ A Ay 1q ¥ 4 a
anuiveyanouendis msldnunesnanyusaunnudug A ldlndunesnuuusuww

o dy o a A g v g A
wMWnHazauiums loodng laeda lulia waainegli 2.18

Ve Yo
ADDRIDATA
READ
LATCH
INTERNAL,
INT.BUS
nerx ¥
W.I'(‘I;TF LMWG It
L
LATCH '
READ,
(n) PORT o IIT Ly (%) PORT 1 BIT
v ALTFERNATE
AopR o OUTPUT
FUNCTION
V,
READ & o
A INTRRNAL  FEAGy
PULL-UP INTERNAL
PULL-UP*
INTBUS o), J [x] wreus
WRITE S WRITE
T0
LATCH LATCH

READ
PIN PIN Al TERNATE.
INFUT

FUNCTION
(n) PORT 2 BIT {4) PORT 2 BIT

P 9y 3 a d a o
E'IJ‘VI 2.18 IﬂiaﬁsNLmazmea‘luwaswauwwmmwm
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o '3
2.4.5 1033@319M 3NNV INBINVBIMCS-51
Pt y (A s o e s '
1NNgUT 2.18 uanslasserinvedayinmeluwoInyes 8031 HUINNDIN 0 A
J tﬂ' -:; o Y o 9 d' p=} a
NANDINIUATIN LA MUKE-swe1 1AneTu 2sasiszneudugmeluszingy wasy
4 = Yy g S Ay v g ; o
LD D-type Fana W INENUIIIMATHI oA 91 1A uenanil Tudomwnmwg
¢ ¢ = Y Ao Y S Y Al A A v e
WBsN 0 wazwoin 2 willaswdnninmihnadweamanuauay eyl Myl

£

. @ v a ot 1 n{ [ ) [ [
ARNUAIUVDINI T TADS Iusen19n T ldnmsianuludnuuzve viauoamsansaaie

.
=~

L4 .

) v @ 7o @ a d @ ~ o a A v
JoyanlodmSutivmes i 2 Avewyadnlunesmin Imshauuenddsy Taoiiaa
19 Y o 1 S A~ J ] 9 Y k2 1 a  w & & 1y
agmu‘uu%‘:,ﬂaﬂﬂﬁq;mummuﬂmmeumsmum%wagama"h TIUDNAINUIBIDYATY

1 @ ] g v 4 U 1 [ 1 q’/‘
anezeeu IMdyanukunseiiolimssmaivesdya amniu

Y c  ahe
2451 maldnuwesmiBuwn |
9 o a Y :; v A £ ¢ 9 v 4] oA
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CO DO CO EO 7E FF 1E 7F FF 1F BF 00 FC BE 00 F6
DO E0 DO DO 22 75 09 00 75 08 00 32 FF FF FF FF
3100 31 05 11 B0 31 05 D2 A8 C2 BC D2 B8 00 00
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54 OF F5 90 D2 8E 32 D2 8E 32 00 00 00 E5 90 04
54 OF F5 90 D2 8E 31 05 32 74 20 02 02 1A FF FF
C0 90 75 FO 10 E5 90 54 OF 04 F5 90 31 09 D5 FO
F4 DO 90 22 FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FT FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
30 98 FD C2 8E C2 98 E5 99 A2 DO B2 D7 54 7F B4



00310:
00320:
00330:
00340:
00350:
00360:
00370:
00380:
00390:

003A0:
003B0:
003C0:
003D0:
003EO:
003FO0:

00400:
00410:
00420:
00430:
00440:
00450:
00460:
00470:
00480:
00490:

004A0:
004B0:
004CO0:
004D0:

004EO:

20 03 02 02 B9 CO EO 54 60 60 05 DO EO 02 02 1A
DO EO B4 08 03 02 02 2E B4 09 03 02 02 5E B4 0A
03 02 02 8E 00 00 00 00 00 00 B4 OC 03 02 02 AD

B4 0D 03 02 04 00 00 00 00 00 00 00 B4 OF 06 12

01 09 90 80 00 D2 8E 32 FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
E5 82 54 1F B4 00 02 80 05 15 82 14 80 F6 D2 8E

32 B8 60 02 80 03 B8 80 02 80 03 B8 AQ 02 80 03

B8 CO 02 80 05 B8 EO 05 80 03 D2 BE 32 15 82 80
CF C2 8E C2 A8 11 20 COEO E5 90 04 54 OF F5 90
DO E0 00 00 00 00 00 00 0000 00 00 31 05 11 20

11 20 D2 A8 D2 8E 32 FF FT FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
00 00 00 00 00 0000 00 0000 00 00 00 0000 00

00 00 00 00 00 00 00 00 00 30 E6 02 C2 E5 00 00

00 A8 83 B8 82 OF CO EO E5 90 04 54 OF F5 9000

00 31 05 DO -EO FO A3 D2 8E 32 FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF.FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
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MC6847

- . Non-Interlace
SEMICONDUCTORS MC6847Y
3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 Interlace

MOS

MC6847/MC6847Y VIDEO DISPLAY GENERATOR (VDG}

The video display gererator (VDG) provides a means of interfacing
<he M6800 microprocesscr family (or similar products) to a standard col-
or or black and white NTSC ielevision recewver. Applications of the VDG
‘ncluge video games, process control displays, home computers,
education, communications, and graphics applications.

The VDG reads data from memcry and produces a video signal which
will allow the generation of alphanumeric or graphic displays. The
generated video signal may be mcdulated 10 erher channet 3 or 4 by
using the compatible MC1372 {TV chroma and video moduiator). This
modulated signal is suitable for reception by a standard unmodified
television receiver. A typical TV game is showr in Figure 1.

® Compatible with the M680C Family, the MB8000 Family, ard Other
Microprocessor Families

® Generates Four Different Alphanumeric Display Mcdes, Two Semi-
graph'c Modes, and Eight Graphic Display Modes

® The Alphanumeric Modes Display 32 Characters Per Line by 16 Lines
Using Either the Internal ROM or an Externai Character Generater

® Alphanumeric and Semigraphic Modes May Be Mixed on a Char-
acter-by-Character Basis

@ Alphanumeric Modes Support Selectable Inverse on a Charac:er-
by-Character Basis

® Internal ROM May Be Mask Programmed with a Custom Pattern

® Full Graphic Modes Offer 64x 64, 128x 64, 128x 96, 128 x 192, or
256 x 192 Densities

@ Full Graphic Modes Use One of Two 4-Color Sets or One of Two
2-Color Sets

@ Compatitle with the MC1372 and MC1373 Modulators Via Y, R-Y
{pA), and B-Y (¢B) Interface

® Compatible with the MC6883 (741 S783) Synchronous-Address Multi-
clexer

® Avaiiable in Either an Interlace (NTSC Standard) or Non-interlace
Version

(N-CHANNEL, SILICON-GATE)

VIDEO DISPLAY
GENERATOR

L SUFFIX
CERAMIC PACKAGE
CASE 15

P SUFFIX
PLASTIC PACKAGE
CASE 711

S SUFFIX
CERDIP PACKAGE
CASE 734

PIN ASSIGNMENT

vesl]: @ 4«0 [DbD7
pos [ 2 33{lcss
poof}3 BHS
DD1[] 4 37OFS
po210i5 36 {IRP
oD306 350A/G
op4al} 7 31 F]E/S
0055 8 33[JCLK
cHB[9 32 1INV
¢80 31 QINT/EXT
¢Adn 30 ?GMO
MS[}2 29[IGM1
0As[]13 28{1Y
DA6[]14 27 {JGM2
DA?Q 15 26 [JDA4
DAs[16 25[IDA3
Veells? 24 [JDA2
DAsl; 18 23{I0A1
oAa10[19 22[1DA0
DA 20 2npom7

SMOTORO A INC 14684 INUAD R




MC6847¢MC6847Y : _

FIGURE 1 — BLOCK DIAGRAM OF A TV GAME USING THE VDG AND THE MC680SE MPU
4X Calor
Burst Freq
Ny RF Signal
c TV
} : r‘i 23] h
£ £ S0-S2 Synchronous CLK »{ CLK o
MC6883 Address
5809F * C
Mf/‘o;’gg Multiplexe: CAO e DAC 1
Q p= Q o )
AC-A1S 20-77 WE CAS RAS HS |« HS ¢B8 P ;
\ oA » 2
, 16 X8 MCB847 v > ar
1 \ \ % V.deo
: By Moc
Dynamic P i
DO-D7 = 8\‘ > RAM L Generator
Array A s
(MCM4027, N 2007
MCM4116, MCME633 H
AQ-A15 or MCM6665)
2]
U
<€ E Mcde
] X
R 4 5
AQ-A15 |«
SATarht
Game A
S DO-07 f<¢
Paddles cs E
MC6846 o
ROM
/O Timer
CS 42\‘
ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Characteristics Symbol Value Unit This device contains circuttry tc protect the in-
v o 7. puts against damage due 19 high siatic volilages
SUpgiv;Loliage - cc 930l 3.0 i or electric fields; however, 11 is advised that nor-
Input Voltage Aay Pin Vin —-03w +70 4 V mal precautions be taken o avoio apphcation of
Operating Temperature TA 0t +70 °%C any voltage highe: than maxirnum rated voltages
Storage Temperature Ts. 6510 < 150 | °C tc this high impedance circutt. Rehability of
‘9 operation s enhanced if ucused inputs are tied tc
an appropuate logic voliage (e.g., either Vgg or
THERMAL CHARACTERISTICS Vee)
Characteristics Symbol Value Unit
Thermal Resstance
Ceramic 50 o ;
Plasuc fia 106 S
Cerdip 60
MOTOROLA Semiconductor Products Inc.
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MC6847eMC6847Y

DC (STATIC) CHARACTERISTICS (Ve =6C V +5%, Vgg =00V, TA=0°C 10 70°C unless otherwise noted:

Characteristic Symbol Min Typ Max Unit
laput l-‘{rlrgilA\k\;‘olch e
CLK ViH Vgg 2.4 - vce \Y
Otner Inputs Vgg +20 - Vee
nput Low Voltage G
CLK ViL Vgs =03 - Vgg+0.6 v
Other Inputs Vgs—-03 - Vgg+08
Input Leakaye Current, Force 5 25V o Pie Uroer Test, N
Veo=55V CLK, GMO-GM2, INV, INT/FXT, M5, Vgs, I = iy 25 uA
O0LG-DL7. A/S. A/G
[ Three-State (Off Statel Input Current DAQ-DA1Z 7
Force 2 4 V and G.4 V on Pin Under Test ‘oL 4 " x'0 nh
Output High Voliage (Ci gad = 3067, I gad = — 100 uA ]P,HS,FS | Vow 24 = v
Ouput hegh Voltage (Cnad = 55 pF. lLoad = ~ 10C pA) OAO0-DA12 | VOH 24 - - v
Output Low Voltage (C{ ad = 30 PF. ILogd = -6 mAI RP HS ES Vou — - Vgg+0.4 \"
Outpui Low Voltage (C| gad =55 pF, ILoad =1 6mAl DAOG-DA2 | VOL = - Vss+04 \
Qutpu: High Current (Sourcing) A Ousputs (Except
Vor =24V oA, ®B. Y. and CHB} | OH < Y = s
Qutput Low Current (Sinking) Al Quipuss (Except - 2 ”
(VOL‘_"O-A V! oA, 8, Y, acc CHB! -OL L6 ‘ ! 2 B
Tnpul Capaciiance (V= 0, TA =25°C. f=10MHz) Atinputs Cin = N 75 pF
Internal Power Cissipation {Measured at Ta =010 70°C) PINT - = 600 mw
Chroma ¢ A Voltage (Figure 3) ViH 1.8 e 2i2
(Cload =20 €, Rioad =100 k) VR 1.34 5 186 \
(Note 1) Vou c.8 10 1.2
Chroma ¢B Voltage (Figu-e 3) ViH ol 2.0 2.2
(CLoad =20 pF. Ripad — 100« VR i34 15 i 66 9
{(Note ) g¢ .80 1.0 il
Vgurst 1.07 1.25 - 43
Luminance Y Voltage (Figure 3) |
(Coad = 2C pF. R pag = 100 k2
{Voitage Synchronization: Vg 07y 10 11
Voltage Blank) VBlank 63 077 0.9 g
iVoltage Blacxk) V3lack C.58 77 083
{(Voltage Wtite Low) VL 051 365 2.75
(Voltage White Medium) VivM 040 054 2.65
(Voltage White High} (Note 1) VWH 0.27 0.42 0.53
Chrema Bias Voltage (C( gad =20 pF. Bicag= 100 k2] VR 027 VCG V.39VEcC 0.3 Vee \
Resistor % of Vgg Tracking (Analog Outputs Lineanty Erron Al - 10 3.0 S%

NOTE 1 Tre specifiec mimimuarn and maximurm namter reflect pertormarce of the VDG cf the speaified temperature range Overlapping vol-
tage levels will not occur Refer 10 Figure 2

S @ MOTOROLA Semiconductor Products inc.
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POWER CONSIDERATIONS

The average chip-junction temperature, T j, in °C can be obtained from:
Ty=Ta+ {Ppedya) ¥
Where:
T A= Ambient Temperature, °C
0= Package Thermal Resistance, Junciion-to-Ambient, “C/W
Po=PINT+PPORT
P:NT =iCC %X VCC. Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watls — User Deiermined

For most applications PPORT < P|NT and can be neglected. PpQRT may become significant it the cevice 1s configured to
drive Darlingion bases or sink LED loacs.

An approximate relationship between Pp and Ty (if PPORT is neglected) s:

Pp=K=+1T4+273°C} 2
Solving equations 1 and 2 for K gives:
K =Ppe(TA +273°C) + 6 JA*PD2 : 3

Where K 1s a constan: pertaining 1o the particular part. K can be determined from ecuation 3 by measuring Pp (at equilibriurm)

for a known T . Using this value of K the values ¢! Pp and T can be obtained by solving equations (1) and (2} iteratively forany
value of Ta.

FIGURE 2 — PSEUDO ANALOG LUMINANCE RESISTOR CHAIN

NOTE The chrominance output €hains is simiiac in design to tne luminance chain

@ MOTOROLA Semiconductor Products Inc.
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AC (DYNAMIC) CHARACTERISTICS (Vcc=5.0V 5%, TA=0°C 1o /0°Ci tLoad Crcunt of Figure 3)
= Characteristic Symbol Min | Max | Unnt Figure
TLK (Frequency (3.573545 Color Burst Frequercy) | 3579535] 3 5975551 Mhz| 4
CLK Duty Cycle i LiClRgE a5 N e
Clock Rise Time . ‘CEI:PZ( - 5C ns 4
Clock Fall Time ICLK - 56 s 4
Ciock Pulse Width P\;‘:’CLK 120 16C ns 4
Horizomal Display Acdress Delay from Counter & OAD-DA3 | t\HDAD - LG s 4,5, 6
DA4 [tHpasD! - 530 =~ | 5.6 |
Horizontal Cisplay Address Hold Time el ‘ii-iDAH 0
s {4.5.6
IHDALH g
D.splay Data Seiup Time CSS.INV, A/S, INT/EXT, DDO-DC7 | tpps 70 ~ uins la.5.6
Display Data Hold Time CSS.INV, A/S, INT/EXT, DDO-DC7 “DOH 140 -- ns |4, 5, 6_‘
Honzonmal Syrc (H3) Delay Fall ! 'DHSt - i 550 T i ;
__Fuse | IoHS, 5 740 S 3|
Row Presel (RP) De'ay Fall | 1DRPt - 660 | i 3
Pise | \DROr - 549 |
Verucal Display Address Delay from Counter DAS DAiI2 | ivDAD - 60 us 7
Vertical Display Address Hold Time WDAH = 220 ns 4
Field Sync (F3) Delay Fall | tDFSf N 520 i g
Rise | tOFSr ~ 600
Memory Select Low to Display Address High-Impedance 1DMST - 80 ns 9
Memory Select High to Display Address Vahd 1DMSV & 400 ns
Chroma Rise and Fall Times
(@A Rise Time!} CHA - 100
‘oA ) 00
{¢pA Fall Timsl HCoA - 100
: oA - 160 ns 12
(4B Rise Time) rCoB - 1CO
L¢B - 100
(4B Fall Time) YCoB - 100
o8B - 100
Color Burst Rise Time on ¢8 Qutput 1c8- = 10C ns 12
Color Burst Fail Time on ¢B Output (CBI1 & 10C ns 12
Chroma Phase Delay (Measured with Respect to “'Y"" Output)
dA YA -50 140 ns ARl
¢B YB -50 140 |
Luminance Rise Time Ty - 100 l ns 12
Luminance Fall Time ey - 100 ns 12
Horizontal Sync Rise Time on Y Output THr — 100 ns 12
Horizontal Sync Fall Time on Y Output TH{ - 100 ns 12
Horizontal Blanking Rise Time on Y Output THBr - 100 ns 12
Herizontal Blanking Fall Time on Y Qutput TH3{ = 10C ns 12
Front Porch Duaration Time (7 x 1/1) tgp 1.8 24 “S 12
Back Porch Duration Time (17.5x 1/f] gp 45 5.1 KS 1
Lelt Border Duration Time (29.5x 1/} ¥ e 75 83 us | 12
Right Border Duration Time (28x 1/ 'RB 7 8.3 P 12
Calor Burst Durauon Time {10 5x 1/1) 'CB 27 32 1S 12
FIGURE 3 — TEST LOADS
A0-A12, FS. AP, HS 475V SA. 8. Y. CHB
MMD6150
Test o Eq'uw ; 2.50 k2 Tes: Poin
Poir: <€ * ¢
24 k l’ 30 CF§ MMOD7000 I Lt
J cr Equiv
= Eikl|

s @ MOTOROLA Semiconductor Products Inc.
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FIGURE 4 —- CLOCK AND LONG CYCLE HORIZONTAL ACCESS TIMING

ICLKr
CLK (Note 1) l

L« 1HDAD HOAH —3
DAO-DA3
'DDS ool
DDO-DO7, CSS >
'DDH

NCTES:

1. The VDG may power-up using either the rising or falling edge of the clock {dotied hnel.

2. Transitions of DA4-DA12 occur outside 1he display area. DAO-DA3 access the 16 bytes of cata displayed during each scan line in the dis-
play area. g 1 %

3. Long cycle timing applies to CG1, RG1, RG2, and RG3 modes (see Table 3). A/G s high; AS. INT/EXT, anc INV input levels do not alfect
the VDG in long cycle modes.

4 Usable RAM access ume for the long cycle may be calcuiated using the tollowing equauon:

1RACL =81/ fmax~ HDADmax ™ 100Smin ~ 1CLKr

\f address and data butfters are used, the access time must be adjusted accordingly.

5. All timing is measured 1o and from a low voitage of 0.8 volts and a high voltage of 2.0 voiis unless otherwise specified

FIGURE 5 — SHORT CYCLE HORIZONTAL ACCESS TIMING

fCLKr t—
CLK
- ||~
—H{DAD — > THDAH —3H lt—
DAO-DA3
AN
€——'HDOAID — ] HDA4H —3% l—
DA4
t <
DDO-OD7 =" DOS —
CSS. A/G. B/S. NG Ieg P
INT/EXT |
oK — T

NOTES:

1 The VDG may power-up using either the nsing or falling edge of the clock as shown Figure 4

2. Transitions of DA5-DA12 occur outside the display area. DAC-DA4 access the 32 bytes of data displayed curing each scan line i the dis-
play area.

3. Short cycle timing aoplies to the four alphanumeric modes, two semigraphic modes, and to the CG2. CG3. CG6. RGBS modes (see Tabte 3).
For the four graphic modes, AlGis high and the A/S, INT/EXT, and !NV input levels do not affect the VDG.

4 Usable RAM access time tor the short cycle may be calculated using the foilowing equaticn:

RACS = 4° '/ Imax = 1HDA4Dmax = IDDSmin~ ICLKS

If address and data buffers are used, the access time must be adjusted accorcingly.

5. All timing is measured to and from a low voltage of 0.8 volts and a high vottage of 2.0 voits unless otherwise specified

@ MOTOROLA Semiconductor Products Inc.
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FIGURE 8 - FIELD SYNC (F5! TIMING

N S Wavs

—(——‘DFS(—-)‘ l—'DFSr¢

<< WrS >
Note | I

< IPES >
Note 2

NOTES
1 twWFS =32-1pHST = 32:{277.5- /1
2 tpES = 262-1pH ST = 262.(227 5-1/1) for MCE847
tpES = 262.5-pHST = 262.5:1227.5- 1/1) for MCE347Y

FIGURE 9 — MEMORY SELECT (MS) TIMING

Note 1 f\

DMS T3
MAJ-MAIZ  vaug AddresiX Vald Address }———’\‘— —{ Valio Address X Vaid Address

NCTES
1. MS s asserted asynchrenously with respect to CLK

IDMSV

@ MOTOROLA Semiconductor Products Inc.
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$B

e a‘H A/G+ A/GeCSS Yellow ; Blue Buff
VoL A7GeCSSL___ | Green JCvan|

FIGURE 10 — VIDEO AND CHROMINANCE OUTPUT WAVEFORM RELATIONSHIPS

TFp e -
- Note &
}"Lefl Border ;2;83 Right Border »:
TWHS ‘ﬁ"iap— <1LB> AV —;-:1:5;:
Note 4 Nowe 2
Swoe Aic -
Blank
Black I
s l— “HBNK
1 Note 5
WM A
WH N\ = 1 =
End of N ‘ i | {—-l S
Horizontal /_VG'CSE I i i I ' i
Sync A/GeCSS | | i | | ‘
_4){ tHCD 1 | i |
Note 1 | | | 1 1 |
7, I ERAY | l N |
Y A/G + A/G2CSS { | | R ]
v 0 | G~
A/Ge 1
Va3grst s | I
; CSS ! |
/oL Ed + 1 : |
(Surst is removed | 1 i
for { : I ] i } }
K/GeCSSeGMO! : I | : 1 I I
| | \ 1
= : | Rec | | Magenta Orange
|

NOTES:

1
2
3.
4
5

CIHCD =3.5- 1/t
LAy =128-1/f
1avVB = 185.5-1/1
. Reter 1o Figure 7

. IHBNK =42.1/¢

FIGURE 11 — CHROMA PHASE DELAY

Yl

LY A —>~

oA

o3

@ MOTOROLA Semiconductor Products Inc.
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1

VIDEO RISE AND FALL TIMES (lllustrates Beginning of One Horizontal Line}

-(—-—‘HBNK———P{

<>

8P

FIGURE 12 — TIMING DIAGRAMS

PI WIS
<€ C B
= <18

stnc —10%
{HBr e
1C% 90%
V8lank A
VBlack e 2o Lot
Vwi
VwM
VWH —————— ————— o ——— —j——
ViH
IC8Br
VR
=8 0% 0%
VBurst 90% 10%
Yo ICBt rt— 1
1C8
‘fCéA-—b«i
VR
i 10%
VoL 0%

MOTOROLA Semiconductor Products Inc.
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FIGURE 13 — DISPLAY AREA TIMING
|
Verucal Blanking 13 H Lines
A
Top Border 25 H Lines
|
—_——— = —]—
o
@
“l e
‘ 5| 2
| 3 2
v - =
Active Disglay Area 192 H Lines E § 3
r e o
a g 2
= o~ oy @
=
“ul N
2l&
-
o
o~
i B o c‘%
| Falling Edge of FS
Bottom Border 26 H Lines
i g A
Vertical Retrace 6 K Lires
AV S
'AVB >
<€ HST >

* Typically 2.4 ps after start of vertical blank.

FIGURE 14 — TYPICAL FORMAT OF THE TELEVISION SCREEN
BORDER

{Brack in all aipha/semigraptuc mooes Green or buif (off-whitel
in all graphuc modes. Coatrol.ed by the VDG )

DiISPLAY AREA
(49,152 dots, all under VOC
cortrol in 3l meoes £ach
one cf up 10 8 coors when on
depending o1 mode !}

- ————192 Dots

*Grw: on each non-anterlaced ime. tor interlace, the ines of the eda
toald are copied 1nto the even held thus douohng the number ot dis

paved dots

MOTOROLA Semiconductor Products Inc. =
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VIDEO DISPLAY GENERATOR DESCRIPTION

The MC6847/MC6847Y video display generators provide 3
simple interface for cisplay of digital information on a color
monitor or standard color/black and white teievision
receives .

Television transmissions in North and South America and
Japan conform to the National Television System Commit-
tee (NTSC) standards. This systemis based on a field repeu-
tion rate of 60 fields per seconc. There are 525 intertaced
lines per frame or cne-half this number per field.

The MC6847 scans one field of 262 lines 60 times per sec-
ond. The MC6847 non-interlace VDG is recommended for
use in systems {i.e., TV games and personal ccrmpulersi
where absolute NTSC comgatibility is not required. If NTSC
compatibility is required, perhaps for caption overlays on
brecad-case signals, then the MC6847Y interlace VDG is
recommended.

NOTE

A system with the MC8847 VDG and the MC1372
video modulator forms a transmitter, lransmitting at
61.2 MHz (channel 3] or 67.25 MHz (channel 4] depen-
ding on component values chosen. This being a Class |
TV device, care must be taken to meet FCC re-
quirements Part 15, Subpart H. However, if the com-
pasite video output frem the MC1372 were to drive the
television directly, Section 15.7 of the FCC specifica-
tion must be achered to.

SIGNAL DESCRIPTION

DISPLAY ADDRESS OUTPUT LINES {DAO-DA12)

Thirteen address lines are used by the VDG to scan the
display memory as shown in Figures 4-7. The starting ad-
dress of the display memory is located at the upper left cor-
ner of the display screen. As the television sweeps from the
left to right and top to bottom, the VDG increments the
RAM display address. The timing for two accesses starting
at the beginning of the line is shown in Figure 6. These lines
are TTL compativle and may be forced :nto a high-
impedance state whenever MS {pin 12} goes low. AG-A3

change during the active display area. A4 changes during the
active display area in the alphanumerics. semigraphics, CG2,
CG3, CG6, and RG6 mades. A5-A12 do not toggle within the
aclive display area but instead, rpple through the address
during torder and blanking time.

DATA INPUTS (DD0-DD7}

£:ght TTL compatible data hnes are used Lo input cate
from RAM 10 be processed by the VDG. The dala is then in-
terpreted and trarstormed into luminance (Y} and chroma
outputs (¢A and ¢B).

POWER INPUTS — Vc reguires +5 valis £5%. VSS
requires zero volts and is normally ground. The tolerance and
current requirements ot the VDG are specified in the Elec-
trical Characteristics.

VIDEO OUTPUTS (¢A, ¢B. Y, CHB) — These four analog
ouiputs are used to transfer luminance and coior information
10 a standard NTSC color teievision receiver, either via the
MC 1372 RF modulator or via drivers directly into Y. ¢A, ¢8
television video inputs (see Figures 10, 11, and 12).

Luminance (Y} — Thrs six level analog output contains
composite sync, blanking and four levels of video luminance.

#A — This three level analog output is used in combing-
tion with ¢B and Y outputs 10 specify one of eignt colors.

¢B — This four level output is used in combination with
&A and Y cutputs to sgecify one of eight colors. Additional-
ly, one analog ievel is used 1o specify the time of the color
burst reference signal.

Chroma Bias (CHB) — This pin i1s an analog output and
provides a DC reference corresponding 1o the quiescent
value of A and $B. CHB is used to guarantee good thermal
tracking and minimize the vaniation between the MC1372 and
MC6847. This pin. when puiled low, resets certain registers
within the chip. In a user's system, this pin should not nor-
mally be used as an input. Itis used manly to enhance test
capabilinies within the factory.

FIGURE 15 — COLOR COMPOSITE VIDEO TO COLOR MONITOR
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14 13
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=04 mApp Ty ZN4403
MC1372 2N44C1 .
3 Color
50 T il
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- 1aco
2 a7 =20V 1 it
10 ‘ ( 0.1 ,ﬂs
Adjust for ‘L u =
2 3 39k
750 ac Qutput *3.3 kQ is MC1372 effectve load.

Rauo. Color to Video Trim pin 12 voltage doesn’'t move and s virtual ground
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SYNCHRONIZING INPUTS (MS, CLK)

THREE-STATE CONTROL — (MS) is a TTL compatible
input which. when low, forces the VDG address lines into a
high-impedance slate, as showr in Figure 9. This may be
done 10 aliow other devices (such as an MPU) to address the
display merrory (RAM).

CLOCK (CLK) — The VDG clock input (CLK) requires a
3.579545 MHz (standard color burst) TV crystal frequency
square wave. The duty cycle of this clock must be between
45 and 55% since iz controls the width of alternate dots on
the television screen. The MC1372 RF modulator may be
used to supply the 3.5679545 MHz clock and has provisions
for a duty cycle adjustment. The VDG will power-up using
either the rising or ‘alling edge of the clock. The dotled line
on the CLK signa! in Figure 4 incicates this characteristic of
latching in 0ata or either clock edge.

SYNCHRONIZING OUTPUTS (FS, HS, RP)

Three TTL compatible outputs provide circuits, exterior 10
the VDG, with timing references to the following internal
VDG states:

FIELD SYNC (FS) — The high-to-low transition of the FS
output coincides with the end of active dispiay area {see
Figure 8). During this time interval, an MPU may have total
access to the display RAM without causing undesired flicker
on the screen. The low-to-high transition of FS coincides
with the trailing edge ot the vertical synchronization pulse.

HORIZONTAL SYNC (HS) - The H3 pulse coincides
with the hornizontal synchronizauon pulse furnished to the
te‘evision receiver by the VDG (see Figure 7). The high-to-
low transition of the HS output coincides with the leading
edge ot the horizontal synchronization pulse and the low-to-
high transiuon coincides with the trailing edge.

ROW PRESET (RP} — if deswed. an external character
generator ROM may be used with the VDG. However, an ex-
ternal four bit counter must be added to supply row ad-
dresses. The counter is clocked by the HS signal and is
cleared by the RP signai. RP puises occur in alt aipnanumeric
and semigraphics modes: no pulses are outputl in the full
graphic _modes. RP occurs after the first valid 12 hnes.
Therefore, use an FS clocked creloacable counter such as a
74LS161 as shown in Figures 7, 14, and 23
MODE CONTROL LINES INPUT (A/G, A/S, INT/EXT,
GMO, GM1, GM2, CSS, INV)

Eight TTL compatible inputs are used to control the
operating mode of the VDG. A/S INT/EXT, CSS, and INV
may be changed on a characier-by-character basis. The CSS
pin is used to select between two possibie alphanumeric COi-
ors when the VDG is in the alphanumeric mode and between
1wo coior sets when the VDG is in the Semigraphics 6 or fuil
graphic modes. Table 1illustrates the various modes that can
be obtained using the mode control lines. There are two dif-
ferent types of memory access ccncerning these modes,
they are a short and a long access cycle, which differ by a

FIGURE 16 — EXTERNAL CHARACTER GENERATOR ROW COUNTER FOR MCB847
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TABLE ' — MODE CONTROL LINES (INPUTS)

—

# of Colors

>l

Lhainial L e alslio‘olo o giols
Q

z
~
m
x
-
z
<

GM2 | GM1 | GMO Alpha/Graphic Mode Select

(nternal Alphanumerncs

‘nternal Alphanumencs Inveried
Externat Alphanumencs

Exte:nal Alphanumencs Inveled
Semigraphics 4 (SG4

Semigraphics 6 (SG6!

164 x 6¢ Colcr Graphics One (CG1)
128 x 64 Resolution Graphics One (RG1)
128 x 64 Color Graghics Two (CG2)
128 x 96 Resoluticr Graphics Two (RG2)
128 x 96 Color Graptics Three (CG3)
128 x 192 Resolutton Graphics Three (RG3!
128 x 192 Color Graphics S«x {CG6)

256 x 192 Resolution Graphics Six (RG6)

o @

xxxxxxxx——‘oooog'
XHMNXNXXXXX|=0lawoo
XX XXX XX XXX =0 =0
w—m~00O0O0|xx|xxxx
- - 00 == 00X XX XXX
PR o -0 uofx x| xxxx

NAENLBNOIND

shift of one full 3.58 MHz cycle. One of the difterences be-
wween these access timas, in the short access time frame, is
a shift of one full 3.58 MHz cycle frcm the corresponding
normal tong access time frame, as shown in Figure 6. The
modes using short access times read memory twice as often
as the long access medes.

OPERATION OF THE VDG

A simpilitied block diagram of the VDG is shown in Figure
173 and a detailed block diagram is shown in Figure 17b.

The externally generated 3.58 MHz cclor burst clock drives
the VOG. Referring to Figures 11 and 12, note that the
horizontal screen span from blanking to blanking is 183.1
clock periods | = 53.95 gs). The display window is offset from
the left-hand edge by 283 periods and lasts for 128 periods
{35.75 us). Of the 242 lines on the vertical screen from blank-
ing to blanking, 192 lines are used for the display. The
display window is offset from the top by 25 lines. Under the
constraint of the master clock, the smallest display element
possible for the VDG is half period of the 3.58 MHz clock
wide by one scan line high. All other display elements are
multiples of this basic size.

DISPLAY MEMORY ADDRESS DRIVERS

The address drivers normally drive the video refresh ad-
dress into the display memory so characters may be
displayed on the CRT. When the memory select pin {MS) s
pulled low by an external decoder, the driver outputs go 0 a
high-impedance state so exlernal three-state drivers may
switch the MPU produced address onto the display memory
address bus; the MPU may directly manipulate data in the
display memory

VIDEO TIMING AND CONTROL

This subsystem of the VDG includes the mode decoding,
uming generation, and associated row counter logic, and
uses the 3.58 MHz color frequency 1o generate horizontal
and vertical uming infcrmation (via linear shift register
counters), which the video and chroma encoder uses tc
generate color video information. The horizontal uming for
the VDG 1s summarized 1n Figure 7. Ten and one-half cycles
of the 3.58 MHz subcarrner are transmitted on the back porch

MOTOROLA Semiconductor Products Inc.
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of every hor.zonrtal blanking period. This coior burstis sup-
pressed during vertical sync and equalizing intervais. Color
burst is also suppressed in the most dense two color graphic
modes. Th:s leads to some interesting rainbow effects on the
display which is frequency and pattern dependent. The ver-
tical timing for the VDG is given in Figure 18. Vertical retrace
is initiated by the luminance signal being brought to the
blanking level. The vertical blanking period begins with three
lines of equalizing pulses foliowed by three lines of serrated
vertical svnc pulses followed by three more lines of equaliz-
ing pulses. The remaining vertical blanking period contains
the normat hcrizontal sync pulses. The equaiizing and serra-
tion pulses are at half line frequency. Nouce the difference in
spacing between the last horizontal sync pulse and the first
equalizing pulse in even and odd fields. It is the half line dif-
ference between fields that produces the interlaced picturein
a frame. Verucal timing between fields for the non-interlaced
VDG, or the other hand, is identical. The equalizing anc ser-
ration pulses are, however, at the hcrizontal frequency.

The 3.58 MH2z color frequency is also used to clock the
video shift register load counter. This counter and the video
shift clock :nhubit circuitry derive the dot-clock for the output
of the video shift registers and the load signals for the video
shift registers’ input latches. The vertical and horizontal ad-
dress counters generate the addresses for the external
display memory.

INTERNAL CHARACTER GENERATOR ROM

Since many uses of the VDG wili involve the display of
alphanumeric data, a character-generator ROM is included
on the chip. This ROM will generate 64 standard 5x 7 gdot
matrix characters from standard 6-bit ASCIl input. A stan-
dard character set is included in the MC6847 although the
ROM is custom precgrammable.

INTERNAL/EXTERNAL CHARACTER GENERATOR
MULTIPLEXER

The internal/external multiplexer sllows the use of either
the internal ROM or an external characier generaior. This
multiplexer may be switched on a character-by-character
basis to allow mixed internal and external characters on the
CRT. The external character may be any desired dot-pattern
in the standard 8x 12 one-character display matrix, thus
alicwing the maximum 256 x 192 screen density.
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FIGURE 178 — SIMPLIFIED VDG BLOCK DIAGRAM
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VIDEO AND COLOR SUBSYSTEM

The &b output of the interral/external muitipiexer 1S
serialized 'n an 8-bit shift register clockec at the dci-clock
‘frequency

The luminance infcrmation from the shift regisier 's sum-
med wiin the horizontal and vertcal sync signals to produce
5 compesiie video signal less the chrominance information,

MOTOROLA Semiconductor Products Inc.
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called Y The iuminance signal, Y, and the two chrominance
outpuls. oA (R-Y) and ¢B (B-Y), can be combined
imodulated! by an MC1372 into 2 composite video signal
with celos. Figures 8, 9, 10, and 16 show the relationsh:p be-
ween the luminance and chreminance signals and the resul-
tant color
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DISPLAY MODES

There are two major display modes in the VOG. Major
mode 1 contains four alphanumeric and two limited graphic
modes. Major mode 2 contains eight graphic modes. Cf
these, four are full color graphic and four restricted color
graphic modss. The mode selection for the VDG is sum-
marized in Table 2. The mnemchnics of these fourteen modes
are explained in the following sections.

in major mode 1 the display wirdow 1s divided into 32 col-
umns by 16 character element rows thus requiring 512 bytes
ot memory. Each character element is 8 half periods by 12
scan lines in size as shown in Figure 19. The area outside the
display window is black.

The VDG has a built-in character generator ROM contain-
ing tne 64 ASCII characters in a 5x 7 format (see Figure 20).

The 5x 7 character font is positioned two columns to the
nght and three rows down within the 8x 12 character ele-
ment. Six bits of the 8-bit data word are typ:cally used for the
internal ASCIl character generator. The rermaining two bits
may be used to implement inverse video, color switching, or
external characler generator ROM selection on a character-
by-characier basis. For those who wish to display lower case
letters, special characters, or even limited-araphics, an exter-
nal ROM may be used. If such external ROM is used. all of
1he 8 x 12 picture elements, or pixels, in the character ele-
ment can be utilized. Cnaracters may be eitrer green on 3
dark green background or orenge on 3 darkx orange
background. depending on the state of the CSS pin. The in-
verl pin can be used to dispiay dark characiers on 3 bright
backgrounc.

TABLE 2 — SUMMARY OF MAJOR MODES
Major Mode 1 — Alpha Modes

Title Memory Display Elements Cotlors Title Memory Display Elements Colors
Alphanumencs | 517 x 8 2__! i ¥ Y] Semigraphic & | 512 x8
<2
(Internal)
8
A g I |
7 3 ©y 12
! R Element
1| E 3 ]
2
XX
Alphanumerncs| 52 x8 B . 1 % Semigrapnic 6 | 512 x8
' e B 12 kg 722 _Eiement i
(External}
7. l Z
NV gy |
Major Mode 2 — Graphics Modes
Tite Memory | Colors Comments
64 x 64 Color Graphic 1kx8 4 Matnx 64 x 64 Elements
128 x 64 Graphics® 1 kx8 2 Matnix 128 Elements Wide by
128 x 64 Color Graphic 2kx8 4 64 Elements H.gh
128 x 96 Graphics® 1.5k x8 Vi Matrnx 128 Slements VWide by
128 x 96 Color Graphic 3kx8 4 96 Elements Hign
128 x 192 Graphics® 3kx8 2 Matnix 128 Elemen:s VWide by
728 % 192 Color Graphic 6kx8 4 192 Ztements High
256 x 192 Graphics 6kx8 2 Matrix 256 Elemerts Wide by
192 Elements Hign

“Graph:cs mode turns on or off each element. The color may be ore ol two

M MOTOROLA Semiconductor Products Inc.
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FIGURE 19 — ALPHANUMERIC MODE (INTERNAL)
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The two limited graphic modes are Semigraphics 4 and
Semigraphics 6. In Semigrapnics 4, the 8 x 12 dot character
tlock is divided into four pixe's (each pixel 1s four half-clocks
by six scan lines). The four low-order bits {DDO-DD3) of each
incoming byte of data select one of sixteen possible illumina-
tion patterns while the next three bits {DD4-DD6) determine
the color of the llluminated elements. The most significant
bit 1s unused. Figure 21 shows the color and pattern selec-
tions. In Semigraphics 6 the 8 x 12 dot character block is
divided into six pixeis, each four half-clocks by four scan
lines. The six low-order bits of each byie of incoming data
select one of 64 possible ilumination patierns while the CSS
input and the high-order data bits (DD6-OD7) determine the
color of the illuminated elements.

The dispiay window in major mode 2 (full graphics} has a
less rigorous format than in major mode 1. The display
elernents vary from one scar line 1o three scan lines in
neight. The length of the display element is either eight or
sixteen hali-periods wide. Each display element is divided 1n-
to four or eight pixels. The tormer corresponds to a full coler
mode while the latter a resiricted color mode, like the
semigraphics modes. represents illumination data. When it1s
high the pixel is illuminagted wita the color chosen by the col-
or set select {CSS) pin. When 1t is low the pixel is black. In
the full color modes, pairs of data bits choose one of four
colors in one of two color sets defined by the CSS pin.
Depending on the state of the CSS pin, the area outside the
display window s either green or buff. The display formats
and color selection for this major mode are summarized 1N
Figure 19.

THE 64 » 64 COLOR GRAPHICS ONE (CG1) MODE —
The 64 x 64 coler grapnics mode generates a display matrsix
of 64 elements wide by 64 elements hugh. Each element may
be one cf four colors. A 1k x B display memory is reGuireg.
The display RAM is sccessed 16 umes per horizontal line.
Each pixel equals fou: half-clocks by tnree scan lines.

THE 128 x64 RESQLUTION GRAPHICS ONE (RGT)
MODE — The 128x 64 graphics mode generates a matrix
128 elements w:de by 64 elements hign. Each element may
be eitner ON or OFF. However, the entire display may be one
of two colars, selectec by using the coior set select pin. A
1k x 8 display memory is required The dispiay RAM is ac-
cessed 16 umes per honzonta! line. Each pixel equals 1wo
half-clocks by three scan lines

MOTOROLA Semiconductor Products Inc.
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FIGURE 20 — AVAILABLE ALPHANUMERICS
MD4 = INV = D4
MD7=AS=D7

O = Inveited Character — llluminated Background,
Dark Character

6 7 8.9 A B .C_D _E _F
0 la A (TR =Rl o PN = £ G Kk ' J L3 L M N O

i P71 QLR ST L. W Y 1

2 ' PN Tt 1) -

Nl iy iR R e sl e S e b/
-~ @00000000006000000
5. 0000000000000000
. 90000000 0000000 0@
" 0000000000060 0090

THE 128 x 64 COLOR GRAPHICS TWO (CG2) MODE —
The 128 x 64 color graphics mode generates a display matnx
128 elemenis wide by 64 elements high. Each element may
be cne of four cclors. A 2k x 8 display memory is required.
The disofay RAM s accessed 32 times per horizontal hne.
Each pixel equais two half-clocks by ihree scan lires.

THE 128x 96 RESOLUTION GRAPHICS TWO (RG2)
MODE — The 128 x 96 graphics mode generates a display
matrix 128 elements wide by 96 elements high. Each element
may be either ON or OFF. However, the entire display may
be one of two cofors selected by using the coior set select
pin. A 1.5k x 8 dispiay memory is required. The display RAM
is accessed 16 times per horizontal line. Each pixel equals
wwo half-clocks by two scan lires.

THE 128 x 96 COLOR GRAPHICS THREE (CG3) MODE —
The 128 x 96 color graphics moge generates a cisplay 128
elements wigde by 96 elements high. Each eiement may be
one of four colors. A 3k x 8 dispiay memory is required. The
display RAM is accessed 32 times per horizontal line. Each
pixel equais two half-clocks by two scan lines.

THE 128 x 192 RESOLUTION GRAPHICS THREE (RG3)
MODE — The 128 x 192 graphics mode generates a display
matrix 128 elements wide by 192 elements high. Each ele-
ment may be either ON or OFF, but the ON element may be
one of two calors selected with the color set select pin. A
3k x 8 display memory is required. The display RAM is ac-
cessed 16 tmes per horizonial line. Each pixel equals two
half-clocks by one scan line.

THE 128 x 192 COLOR GRAPHICS SIX (CG6) MODE —
The 128 x 192 color araphics mode generates a display 128
elements wide by 192 elements high. Each element may te
one of four colors. A 6k x 8 display memory 1s required. The
display RAM is accessed 32 times per horizonta! line. Each
pixel equals two half-clocks by one scan line.

THE 256x 192 RESOLUTION GRAPHICS SIX (RG6)
MODE — The 256 x 193 graph:cs mode generates a cispiay
256 elements wide by 192 elements high. Each element may
be either ON or OFF, but the ON element may be one of two
colors selected with the coler set select pin. A 6k x 8 dispiay
memory is required. The display RAM is accessed 32 umes
per horizental line. Each pixel equals one half-clock by one
scan line.
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FIGURE 21 — SEMIGRAPHIC MODE ENCODING
(a) Data and Display Formats

D3 | D2 Y
(o7 [oeos [oe s [e2 [o1] %]
(0] D 6L
}4—— Chroma__>‘<—— Luma _)«l 1 0
Semigraphics 4 J
4 (PWcLk)
Ds [OF3
[ [Eloel e [oe o o2 ]or [o0] RN
“— Chroma ———*4———— Luma — D, Dg | 4L
Semigraphics 6
{b) Color Selection 4 (PWCLK)
Luma SG4 SG6 Color
DN Ds | Ds | D4 [ CSS | D7 | D6
0 X X X X X X Black
1 0 0 0 0 0 0 Green
1 0 0 1 0 0 1 Yellow
1 0 1 0 0 1 0 Biue
1 0 1 1 0 1 1 Red
A 1 0 9] 1 0 (o] Buif
1 1 0 1 1 Q 1 Cyan
1 1 1 0 1 1 0 Magenia
1 1 1 1 1 1 1 Qrange
FIGURE 22 — GRAPHIC MODE ENCODING
{a) Data Format {b) Display Format
A % &
3L CGI L 3L CG2
D7 Dsl Ds Dg l D3 Dy l D1 D(;_)Co‘u)f Graphic A ‘
e o) a(T/2) »-[ }4- 2 (T/2) .4 ‘4
% Cnroma > )Y [ ‘ l ]‘] 1
Resolution 3L RG! 2L CG3
I 2 l 06] Os l 04 I D3 I D2 l_olj_l?g_]ColorGraphic T
| ufl - 2AT/2) >{ }«
b Luma >| 2(1/2) »{
¥
LTl (e 1T =
I 2(T/2}
202> e > B
e | [} LL*__RGB [__J__J___I_-] ltﬁG&
2(1/2) < 1> b
E h El M <
(r i Satoction Long Erlement Moces Short Element Modes
i Resolution
! CSS Border Color Mode Color Mode
DN Color Dn+ 1 On Color
0 Green 0 Black 0 0] Green
o] Green 1 Green 0 1 Yellow
o] Green 1 Green 1 0 Blue
0 Green 1 Green 1 1 Red
1 Buff 0 Black ] 0 8uft
1 Buff 1 Butt 0 1 Cyan
] Buff 1 Butf 1 C Magenta
1 Buf! 1 Buff 1 1 Crange

|
&
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MICROCHIP 28C1 6A

16K 2K x 8) CMOS EEPROM

FEATURES PACKAGETYPES

- Fast Read Access Time—150 ns mler 7 24[ve
- CMOS Technology for Low Power Dissipation : 2 ;2 g:g
- 30 mA Active a4 21[JWE
- 100 pA Standby a3Ls 20[J0E
- Fast Byte Write Time—200 ps or 1 ms :ng % :: g%"
- Data Retention >200 years Yat] 17[Juor
« High Endurance - Minimum 10* Erase/Write Cycles uoo[]s 16[]uos
5 g J vo1[]10 15[Jvos
- Automatic Write Operation v02 Ch1 14 Fuos
- Internal Control Timer vss []12 13[Ju03
- Auto-Clear Before Write Operation & 5 T adicator on PRCNen top of pa
ﬁ_r_]-Chip Address and Data Latches 5 1.
- Data polling NC Y2
- Chip Clear Operation s |
- Enhanced Data Protection NC. /5 o -
WE 6 g 2
- Vcc Detector Y e g o =
- Pulse Filter NC B % E
- Write Inhibit g ;
- Electronic Signature for Device Identification A8 11
- 5-Volt-Only Operation Y @A -
- Organized 2Kx8 JEDEC Standard Pinout AN
« 24-pin Dual-In-Line Package oF 2. .21 a0
- 32-pin PLCC Package A e e
- 28-pin Thin Small Outline Package (TSOP) A8 25 g B° 18 vos
8x20mm o E < Fon o
- 28-pin Very Small Outline Package (VSOP) ) E 3 é el
8x13.4mm iy g o B 1B wo2
- Available for Extended Temperature Ranges: PO ot B e
- Commercial: 0°C to +70°C ir e
- Industrial: -40°C to +85°C S ot
DESCRIPTION BLOCK DIAGRAM
The Microchip Technology Inc. 28C16A isa CMOS 16K o Al i
non-volatile electrically Erasable PROM. The 28C16A -
is accessed like a static RAM for the read or. write Vec—e-| D"’“’Ci’:crﬁ?;‘y’”"
cycles without the need of external components. Dur- e Chip Enabler
ing a “byte write”, the address and data are latched i Output Enable YYYYTYVY
internally, freeing the microprocessor address and data -\Sié: Aiz"é::ﬁ;e P MEUNOpit
bus for other operations. Following the initiation of Timing 'lpou }‘ Buffers
write cycle, the device will go to a busy state and auto- Draaram Voltao
matically clear and write the latched data using an
internal control timer. To determine when a write cycle TR T e Tt
is complete, the 28C16A uses Data polling. Data poll- o ] Bt Y Gating
ing allows the user to read the location last written to I —=1 | a T T
when the write operation is complete. CMOS design : o é ] =
and processing enables this part to be used in systems I — 'e‘ X 16K bit
where reduced power consumption and reliability are : =20 Decoder Cell Matrix
required. A complete family of packages is offered to e == files ;
provide the utmost flexibility in applications. b B

© 1996 Microchip Technology Inc. DS11125G-page 1



28C16A

1.0 ELECTRICAL CHARACTERISTICS
1.1 MAXIMUM RATINGS*

Vcc and input voltages w.rt. VSs....... -0.6V to + 6.25V

Voltage on OE w.rt. VSS ................... -0.6Vto +13.5V
Voltage on AQ w.r.t. VSS ..., -0.6Vto +13.5V
Output Voltage w.rt. VSs............... -0.6V to Vcc+0.6V
Storage temperature ..........cccceeeeeennee. -65"Cto +125°C

Ambient temp. with power applied ....... -50°C to +95°C

*Notice: Stresses above those listed under “Maximum Ratings™
may cause permanent damage to the device. This is a stress rat-
ing only and functional operation of the device at those or any
other conditions above those indicated in the operation listings of
this specification is not implied. Exposure to maximum rating con-
ditions for extended periods may affect device reliability.

TABLE 1-1: PIN FUNCTION TABLE
Name Function

A0 -A10 |Address Inputs
CE Chip Enable
OE Output Enable
WE Write Enable

1/00 - /07 | Data Inputs/Outputs
Vcc +5V Power Supply
Vss Ground
NC No Connect; No Internal Connection
NU Not Used; No External Connection is

Allowed

TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTICS
Vvce = +5V £10%
Commercial (C): Tamb= 0°'C to +70°C
Industrial (I):; Tamb= -40°C to +85°C
Parameter Status Symbol Min Max Units Conditions
Input Voltages Logic ‘1’ ViH 20 Vce+1 Vv
Logic ‘0; ViL -0.1 0.8 Vv
Input Leakage — LI -10 10 LA  {VIN=-0.1V to Vcc+1
Input Capacitance — Cin — 10 pF VIN = 0V; Tamb = 25°C;
1 f=1MHz
Output Voltages Logic ‘1’ VOH 2.4 V- | loH =-400uA
Logic ‘0’ VoL 0.45 \Y loL=2.1mA
Output Leakage - Lo -10 10 LA - Vourt =-0.1V to Vcc+0.1V
Output Capacitance — Cout — 12 pF  |VIN=0V; Tamb = 25°C;
f=1MHz
Power Supply Current, TTL input Icc — 30 mA |f=5 MHz (Note 1)
Active Vcc = 5.5V,
Power Supply Current, TTL input lce(s)TTL = 2 mA |CE =ViH (0°C to +70°C)
Standby TTL input lcc(s)TTL 3 mA [CE = ViH (-40°C to +85°C)
CMOS input | lcc(s)cmos 100 uA | CE =Vce-0.3 to Vee+1
Note 1:  AC power supply current above 5 MHz; 1 mA/MHz.

DS11125G-page 2
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28C16A

TABLE 1-3: READ OPERATION AC CHARACTERISTICS
AC Testing Waveform: VIH = 2.4V; ViL = 0.45V; VOH = 2.0V; Vol = 0.8V
Output Load: 1 TTL Load + 100pF
Input Rise and Fall Times: 20 ns
Ambient Temperature: Commercial (C): Tamb = 0°'Cto+70°0°C
Industrial (1): Tamb = -40°Cto +85°C
28C16A-15 28C16A-20 28C16A-25
Parameter Sym Units Conditions
Min Max Min Max Min Max
Address to Output Delay tace: | — 150 o 200 - 250 ns |OE=CE=ViL
CE to Output Delay tce = 150 = 200 == 250 ns |OE =V
OE to Output Delay toE = 70 — 80 =L 100 ns |CE=ViL
CE or OE High to Output Float | toFF 0 50 0 55 0 70 ns
Output Hold from CE or OE, toH 0 % 0 < 0 N ns
whichever occurs first
Endurance fi— ™M — ™ — M — cycles | 25°C, Vec =
5.0V, Block
Mode (Note)

Note: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli-
cation, please consult the Total Endurance Model which can be obtained on our BBS or website.

FIGURE 1-1: READWAVEFORMS
VIH L~ N
Address ><: Address Valid :><
Vi B —
Vi e e
CE '
ViL i
bCEQT ——1
I
e Vi ! e I U
o8 e
ViL -—| tOFF(1,3) —
toE@2) —— - i e
VOH : ;
Data Gl g Valid Output A\ HighZ
VoL \\\\\ /
iR P re——————— tACC
WE
ViL
Notes: (1) toFF is specified for OE or CE, whichever occurs first b
(2) OE may be delayed up to tcEe - tOE after the falling edge of CE without impact on tce
(3) This parameter is sampled and is not 100% tested

© 1996 Microchip Technology Inc.
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28C16A

TABLE 1-4: BYTE WRITE AC CHARACTERISTICS
AC Testing Waveform: VIH = 2.4V and ViL = 0.45V; VoH = 2.0V; VoL = 0.8V
Output Load: 1TTL Load + 100 pF
Input Rise/Fall Times: 20 ns
Ambient Temperature: Commercial (C):  Tamb = 0°'Cto+70°C
Industrial m: Tamb = -40°Cto+85°C
Parameter Symbol Min Max Units Remarks
Address Set-Up Time tas 10 — ns
Address Hold Time tAH 50 — ns
Data Set-Up Time tDs 50 — ns
Data Hold Time toH 10 = ns
Write Pulse Width twPL 100 — ns Note 1
Write Pulse High Time twpPH 50 — ns
OE Hold Time tOEH 10 — ns
OE Set-Up Time toES 10 — ns
Data Valid Time tov — 1000 ns Note 2
Write Cycle Time (28C16A) twe — 1 ms {0.5 ms typical
Write Cycle Time (28C16AF) twc — 200 us 100 ps typical

Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on the pos-
itive edge of CE or WE, whichever occurs first.

2: Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until toH
after the positive edge of WE or CE, whichever occurs first.

FIGURE 1-2: PROGRAMMING WAVEFORMS
VIH
Address
ViL
tAS» tAH ]
S — NP %
CE, WE -S - twPL - Z
ViL 5 1| tow
ttpV =} tos £
VIH
Data In
ViL
tOES |=a—
VN %
OE /
ViL
tOEH

DS11125G-page 4
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28C16A

FIGURE 1-3: DATA POLLING WAVEFORMS
ViH % ;
Address 3< Address Valid >< f f ¢ Last Witten > C
Vi tacc -
__VmH tce —>4
ce K // m :
twpPH
__ ViH |=a— twpL 5.‘ T
WE !
e N\
j& toe —4——
__VH
=8 \\\\\YS\\\\\\I
—{ tov
ViH —. e - =
Data v 4 D\?:ié” >< ”/ / >< /07 Out >$True Data Out
~= twc ]
FIGURE 1-4: CHIP CLEAR WAVEFORMS
T VIH
CE \ )
ViL i é
f i
VH : i
OE i
VIH 5
TH
tw i
___VH | 5
WE i ;
ViL N - tw =10ms
i ts =tH = 1us
VH =12.0V +0.5V
TABLE 1-5: SUPPLEMENTARY CONTROL
Mode CE OE WE A9 vce 1[e]
Chip Clear ViL VH ViL X vce
Extra Row Read ViL ViL VIH A9 = VH Vcc Data Out
Extra Row Write ! VIH % A9 = VH Vce Data In

Note 1:

VH = 12.0V10.5V

* Pulsed per programming waveforms.

© 1996 Microchip Technology Inc.
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28C16A

2.0 DEVICE OPERATION

The Microchip Technology Inc. 28C16A has four basic
modes of operation—read, standby, write inhibit, and
byte write—as outlined in the following table.

et iee R DNE o
Read L B H Dout
Standby H X X High Z
Write Inhibit H X X High Z
Write Inhibit X LE X High Z
Write Inhibit X X H High Z
Byte Write L H L DIN
Byte Clear Automatic Before Each “Write”

X =Any TTL level.

21 Read Mode

The 28C16A has two control functions, both of which
must be logically satisfied in order to obtain data atthe
outputs. Chip enable (CE) is the power control and
should be used for device selection. Output Enable
(OE) is the output control and is used to gate data to
the output pins independent of device selection.
Assuming that addresses are stable, address access
time (tacc) is equal to the delay from CE to output (tcg).
Data is available at the output tOE after the falling edge
of OE, assuming that CE has been low and addresses
have been stable for at least tACC-tOE.

2.2 Standby Mode

The 28C16A is placed in the standby mode by applying
a high signal to the CE input. When in the standby
mode, the outputs are in a high impedance state, inde-
pendent of the OE input.

2.3 Data Protection

In order to ensure data integrity, especially during criti-
cal power-up and power-down transitions, the following
enhanced data protection circuits are incorporated:

First, an internal Vcc detect (3.3 volts typical) will inhibit
the initiation of non-volatile programming operation
when Vcc is less than the Vcc detect circuit trip.

Second, there is a WE filtering circuit that prevents WE
pulses of less than 10 ns duration from initiating a write
cycle.

Third, holding WE or CE high or OE low, inhibits a write
cycle during power-on and power-off (Vcc).

2.4  Write Mode

The 28C16A has a write cycle similar to that of a Static
RAM. The write cycle is completely self-timed and ini-
tiated by a low going pulse on the WE pin. On the fall-
ing edge of WE, the address information is latched. On
rising edge, the data and the control pins (CE and OE)
are latched.

2.5 Data Pollin

The 28C16A features Data polling to signal the com-
pletion of a byte write cycle. During a write cycle, an
attempted read of the last byte written results in the
data complement of I/O7 (1/O0 to 1/0O6 are indetermin-
able). After completion of the write cycle, true data is
available. Data polling aliows a simple read/compare
operation to determine the status of the chip eliminat-
ing the need for external hardware.

2.6 Electronic Signature for Device
Identification

An extra row of 32 bytes of EEPROM memory is avail-
able to the user for device identification. By raising A9
to 12V +0.5V and using address locations 7EC to 7FF,
the additional bytes can be written to or read from in the
same manner as the regular memory array.

2\ Chip Clear

All data may be cleared to 1'sin a chip clear cycle by
raising OE to 12 volts and bringing the WE and CE
low. This procedure clears all data, except for the extra
row.

DS11125G-page 6
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28C16A

28C16A Product Identification tem

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed

sales offices.

28C16A F T - 15 | P

Package:

Temperature
Range:

|Shipping:
|

|Option:

|Device:

lAccess Time:

L = Plastic Leaded Chip Carrier (PLCC)

P = Plastic DIP (600 mil)

TS = Thin Small Outline Package (TSOP) 8x20mm
VS = Very Small Outline Package (VSOP) 8x13.4mm

Blank
I

15
20
25

Blank
T

0°C to +70°C
-40°C to +85°C

150 ns
200 ns
250 ns

Tube
Tape and Reel “L" only

Blank = twc = 1ms
F =twc =200 us

28C16A

2K x 8 CMOS EEPROM

© 1996 Microchip Technology Inc.
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Order this data sheet
by MCM62L64/D

VIOTOROLA

ZEMICONDUCTOR
FECHNICAL DATA

8K x 8 Bit Fast Static RAM

The MCM62L64 is a 65,536 bit static random access memory organized as 8192 words
>f 8 bits, fabricated using Motorola’s high-performance silicon-gate CMOS technology. i ’
Static design eliminates the need for external clocks or timing strobes, while CMOS circui- ) ] 1\ | 1

P PACKAGE

ry reduces power consumption which provides greater reliability. BLASTIC
The chip enable pins (E1 and E2) are not clocks. Either pin, when asserted false, causes WCN:;E 7108

‘he part to enter a low power standby mode. The part will remain in standby mode until
¥oth pins are asserted true again. The availability of active high and active low chip enable
5ins provides more system design flexibility than single chip enable devices. . :
The MCM62L64 is available in 300 and 600 mil, 28 pin plastic dual-in-line packages and ,
3'400 mil, 28 pin plastic SOJ package. All packages feature the JEDEC standard pinout.
I WP PACKAGE

All Inputs and Outputs are TTL Compatible
Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus
Contention Problems

® Single 5V Supply, +10% 600 MIL PLASTIC
@ 8K x 8 Organization CASE 710

@ Fully Static—No Clock or Timing Strobes Necessary g

® Fast Access Time—30, 35, 45, 55 ns (Maximum)

e Low Power Operation— 105, 100, 90, 80 mA (Maximum, Active)

@ Low Power/Data Retention J PACKAGE
@ Three State Outputs 400 MIL SOJ
° CASE 810

L]

PIN ASSIGNMENT

NC[j1 @ 28 {1 Ve
BLOCK DIAGRAM a2 2 270W%
Iy | a7 [l 3 26 [1 €2
Ll a6 (] 4 251 A8
s — oL @ o] Yot
v As[l s 24149
A9 -—{;}': ROW | MEMORY ARRAY . Asl] 6 23 [1 A1
DECODER | o {126 ROWS &
i _—_{:»: . 512 COLUMNS) a3l 7 22f16
pe—5 ] a2(] 8 21 a0
A7 ___&—__— afls 2008
WeE) AG___{}\—;— - aof} 10 19 {1 007
T paof} 11 18 [1 006
000 ——w?J PUT —1 : oat [} 12 17 [100s
. | oaTA COLUMN 1/0 : paz2( 13 16 {1 004
07 * 1 conTROL ] Vsl 14 B
: ) COLUMN DECODER
31 PIN NAMES
€2 158 A2 A1 80 10 A4 A&SB) NGRS S e
o Bip Wt e e i e ol s Write Enable
W £E! He Chip Enable
g T’i E Gl Output Enable
= DQO-DQ7. . . .. Data Input/Output
VEE i meaaa: +5V Power Supply
Vegioninn oo ... . Ground
NE i e ety No Connection

(M) MOTOROLA




TRUTH TABLE

= £2 G W Mode Supply Current 1/0 Pin This device contains circuitry to protect the
- inputs against damage due to high static
H X X X Not Selected Isg High Z voltages or electric fields; however, itis ad-
X L X X Not Selected IsB High Z vised that normal precautions be taken to
- 2 avoid application of any voltage higher than
L H H H Output Disabled Icc High Z maximum rated voltages to this high-
L H b H Read Icc Dout impedance circuit.
L H X L Write Icc Din

X =don't care

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vee -0.5t0 +7.0 \Y
Voltage Relative to Vgg for Any Vin. Vour | ~0-5to Vce +05| V
Pin Except VcC
Output Current (per 1/0) lout +20 mA
Power Dissipation (Ta =25°C) PD 1.0 w
Temperature Under Bias Tihlas_ | Hp 10010+ 85 3
Operating Temperature TA ! 0t +70 PG
Storage Temperature Tsig | -85t +125 °(;‘

NOTE: Permanent device damage may occur # ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be resticted to RECOMMENDED
OPERATING CONDITIONS. Exposure 10 higher than recommended voltages for
extended periods of time cculd affect device relizdility.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce=5.0V =10%, Ta=01to0 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vce 4.5 5.0 5.5 \Y
Input High Voltage VIH 2.2 — Vee =03 \Y
Input Low Voltage ViL -0.3* — 0.8 \

*V( (min)= —0.3 V dc; V| (min)= —3.0 V ac (pulse width <20 ns)

DC CHARACTERISTICS

Parameter Symbol Min Max Unit
Input Leakage Current (All Inputs, Vin=01to Vcc) likgll) — +1.0 pA
Output Leakage Current (E1=V|y4, E2=V]L, o G=ViH. Vout=0to Vcc) likg(0) — +1.0 pA
Power Supply Current (tavay =30 ns) Icc — 105 mA
(E1=VL, E2=V|y, lout=0 (tavay =35 ns) — 100
(tayay =45 ns) = S0
(tavay = 55 ns) - 80
Standby Current (ET=Vy or E2=V)) Isg1 = 5 mA
Standby Current (E1=Vcc—0.2 V or E2<0.2V, Vin=VIH of Vin=ViL) isg2 - 30 pA
Output Low Voltage (Ig| =8.0 mA) VoL — 0.4 Vv
Output High Voltage (Ioy= —4.0 mA) s VOH 24 - Y
CAPACITANCE (f=1.0 MHz, dV=3.0V, Ta=25°C, periodically Sampled Rather Than 100% Tested)
Characteristic : ~ Symbol Max Unit
Input Capacitance All Inputs Except DQ SRR SNile) pF
1/0 Capacitance DQ Cy/o 8 pF




AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec=5.0V +10%, Tao=0 to 70°C, Unless Otherwise Noted)

-5V
480
Input Pulse Levels . . .. ... ... 0to3.0V
Input Rise/Fall Time . . - . v v v v i e v o ccee i an, 5ns &
Input Timing Measurement Reference Levels. . . . ... ... 1.5V v
Output Timing Measurement Reference Levels. . . . . 0.8and 2.0V 30 pF
Bl Lo s i e L A T See Figure 1 255 {INCLUDING
SCOPE AND JIG)
L

Figure 1. Test Load
READ CYCLE (See Note 1)

l Alt | MCM62L64-30 | MCMB2L64-35 | MCM62L64-45 | MCMB2L64 55|
¢ Parameter Symbol Unit | Notes
Symbol| Min | Max | Min | Max | Min | Max | Min | Max
Read Cycle Time tAVAV tRC 30 - 35 — 45 i 55 - ns -
Address Cycle Time tAVQV tAA - 30 = 35 - 45 - 55 ns -
ET Access Time tE1LQV AT & 30 4 35 - MoN| | — 55 | ns-| —
E2 Access Time te2HQV tAC2 = 30 ] 35 - 45 - 55 ns -
G Access Time tGLQv 0F |- 125 | — 15 - 20 - 26 1ins |~
Output Hold from Address tAXQX toH | 5 = & - 5 - 5 - ns —
Change |
Chip Enable to Output Low-Z  [tg1LQX- tE2HQX| 'CLZ ! 5 ~ 5 - 5 — 5 — ns | 2,3
Output Enable to Output Low-Z tGLQX toLz 0 = 0 - o~ T 0 - ns] 2053
Chip Enable to Output High-Z | tg1HQz. te2LQZ | 'CHZ 0 15 0 15 —Y e 0 15 ns-:1-2,3
. i
Output Enable to Output High-Z tGHCZ tOHZ 0 15 0 15 L) 215 0 15 ns
NOTES:

1. W is high at all times for read cycles.

2. All high-Z and low-Z parameters are considered in a hign or low impedzance state when the output has made a 500 mV transition from
the previous steady state voltage.

3. These parameters are periodically sampled and not 100 = zesed.
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WRITE CYCLE 1 (W CONTROLLED) (See Note 1)

Alt | MCMB2L64-30 | MCME2L64-35 | MCM62L64-45 | MCME2L64-55
Parameter Symbol Unit | Notes
Symbol| min | Max | Min | Max | Min | Max | Min | Max
Write Cycle Time TAVAV tWC 30 - 35 - 45 - 55 - ns -
Address Setup Time TAVWL tAS 0 = 0 = 0 = 0 o ns —
Address Valid to End of Write tAVWH taw | 225 — 25 = 35 . 45 - ns —
Write Pulse Width WLWH twe | 17.5 - 20 - 25 - 30 - ns 3
Data Valid to End of Write tDVWH tpw | 125 - 15 = 20 — 25 — ns -
| Data Hold Time tWHOX ton | © = 0 E 0 = 0 s s
Write Low to Output in High-Z twLQz WHZ 0 15 0 15 0 15 0 15 ns
Write High to Output Low-Z tWHQX oW 5 - 5 - 5 = 5 - ns
Write Recovery Time tWHAX tWR 0 - 0 — 0 - 0 - ns —
NOTES: Ly R s
1 iwrite cycle starts at the latest transition of 3 low ET, low W, or high E2. A write cycle ends at the earliest transition of a high E1, high
W, or low E2.

2. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in 3 high impedance state.

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time.

4. All high-Z and low-Z parameters are considered in 2 high or low impedance state when the output has made a 500 mV transition from
the previous steady state voltage.

5. These parameters are periodically sampled and not 100% tested.
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 6284 X XX XX

=

ﬁ

W (WRITE ENABLE,

Motorola Memory Prefix Shipping Method (R2=Tape & Reel, Blank =Rails)

Part Number Speed (30=30 ns, 35=35 ns, 45=45 ns,
55=55 ns)

package (P =300 mil Plastic DIP,
WP = 600 mil Plastic DIP, J=400 mil Plastic S0J)

Full Part Numbers—MCM62L64P30 MCM62L64WP30 MCM62L64J30  MCME2L64J30R2
MCMG2L64P35  MCM62L64WP35 MCM62L64J35 MCM62L64J35R2
MCM62L64P45  MCM62L64WP45 MCM62L64J45 MCM62L64J45R2
MCMB2L64P55  MCM62L64WPSS  MCMB2L.64J55 MCM62L64J55R2
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WRITE CYCLE 2 (ENABLE CONTROLLED) (See Note 1)

Alt | MCM62L64-30 | MCME2L64-35 | MCM6E2L64-45 | MCM62L64-55
Parameter Symbol Unit|Notes
Symbol| amin Max Min Max | Min Max Min Max
Write Cycle Time tAVAV WG 30 - 35 i 45 — 55 - ns -
Address Setup Time tAVEIL tAS 0 — 0 = 0 — 0 = ns 2
Address Valid to End of Write tAVETH taw | 25 — 25 - 35 - 45 - ns
Chip Enable to End of Write tE1LE1H tcw | 2.5 — 25 - 35 - 45 — ns: |23
Data Valid to End of Write tDVETH tow 12.5 — 15 - - 25 - ns 2
Data Hold Time tE1HDX tDH 0 - 0 = 0 - — ns | 2,4
Write Recovery Time tE1HAX twr | O — 0 - - — ns 2
NOTES:
1. A write cycle starts at the latest transition of a low E1, low W, or high E2. A write cycle ends at the earliest transition of a high 1, high
W, or low E2.

2. E1 and E2 timings are identical when E2 signals are inverted.
3. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state.
4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time.
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LOW Vcc DATA RETENTION CHARACTERISTICS (Ta =0 to +70°C) (MCM62L64 Only)

Characteristic Symbol Min Max Unit
V¢ for Data Retention (E1>=Vee—-0.2 Voor E2<0.2V, Vip=Vcc —0.2 V or Vi <0.2 V) VDR 2.0 5.5 \Y
Data Retention Current (Vec=3.0V, E122.8 V or E2<0.2 V, Vin=2.8 V or Vi, <0.2 V) IcCDR — 15 pA
Chip Disable to Data Retention Time (see waveform below) ICDR 0 — ns
Operation Recovery Time (see waveform below) trec tavay - ns
*tavay = Read Cycle Time
DATA RETENTION MODE ———>
45V 45V
vee Vpr=2.0V /
'<~tcuﬂ : e trec
ﬁZVDR -02v
E7 CONTROL / / 22 V\ ‘/2-2 v \
£2 CONTROL \ 08V E2<02V 08V /
/ N
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DIMENSION "4 AND “B” DO NOT INCLUDE
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