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Color Video Display Generator (CVDG)

PRELIM INARY
D E S C R IP T IO N
T fie  R o c k w e ll R 6 5 4 9  C o lo r  V id e o  D is p la y  G e n e ra to r  (C V D G ) 
in teg ra te s  v id e o  ra s te r  c o n t ro l;  c o lo r  lo o k u p  ta b le  (L U T ) u p d a te  
and a c ce ss ; c o lo r  g e n e ra t io n  a n d  d is p la y  re fre s h ; te le te x t d a ta  
DMA a d d re s s in g , d a ta  ro u tin g  a n d  h a n d s h a k e ; d y n a m ic  R A M  
(DRAM ) c o n tro l a n d  re fre s h ; a n d  M P U /C V D G /D M A  a c c e s s  to  
DRAM in to  a s in g le  d e v ic e . In te rn a l h o r iz o n ta l a n d  v e r t ic a l s ta te  
m a ch ines  g e n e ra te  v id e o  s y n c h ro n iz a t io n  s ig n a ls  a n d  c o n tro l 
access o f v id e o  c o lo r  d a ta  fro m  D R A M . A  16 -e n try  c o lo r  lo o k u p  
table (LU T ) s u p p o r ts  4 -b it  e n c o d e d  c o lo r  le v e ls  fo r red , g re e n  
and b lue  (R G B ) c o lo rs  a l lo w in g  4 0 9 6  c o lo r  c o m b in a t io n s  to  be 
g e n e r a te d .  E a c h  c o lo r  c o d e  is  c o n v e r te d  to  a 16 -le ve l a n a lo g  
s ignal by  a d e d ic a te d  D A C , c o m b in e d  w ith  a b la n k in g  s ig n a l, 
and o u tp u t in  s y n c  w ith  a p ix e l c lo c k .
Contro l re g is te rs  a llo w  M P U  s e le c tio n  o f C V D G  o p e ra tin g  m o de  
and o p tio n s  w h ile  d a ta  re g is te rs  a llo w  M P U  u p d a te  o f L U T  d a ta , 
cu rren t d ra w in g  p o in te r  (C D P ) g ra p h ic s , V  s c ro ll p o in te r  an d  
te le text p o in te r . T h e  d a ta  re g is te rs  c a n  a ls o  be  m o n ito re d  by  
the M PU  as c a n  m o d e  a n d  ra s te r  s c a n  s ta tu s .
The R 65 49  is  th e  f irs t  d is p la y  g e n e ra to r  to  b e  d e s ig n e d  e x c lu ­
sively in s u p p o rt o f N o rth  A m e r ic a n  P re s e n ta t io n  Le ve l P ro toco l 
Syntax (N A P L P S ) v id e o te x  (V T X ) a n d  te le te x t  (T T X ).
R ep lac ing  o v e r  3 0  c o n v e n t io n a l M S I/L S I d e v ic e s , th e  R 65 49  
s im plifies s ys te m  d e s ig n  a n d  la yo u t, re d u c e s  p r in te d  c irc u it s ize , 
and m in im iz e s  re q u ire d  s u p p o r t c ir c u its  to  s p e e d  s y s te m  p ro to ­
typing and g re a tly  re d u c e  b o th  d e v e lo p m e n t an d  p ro d u c tio n  costs.

R/W  d 1 40 1 A13
ADO d 2 39 d l  A 1

A D I d 3 38 d  A0
AD2 d 4 37 I DRCS
AD3 d 5 36 d )  IOCS
AD4 d 6 35 I XPAR
AD5 d 7 34 — I RED
A D 6 d 8 33 d  GREEN
A D 7 d 9 32 d )  b l u e

D TIM E d 10 31 d l  GND
VCC d 11 30 d  C/HSYNC

C TIM E d 12 29 — I VSYNC
RTIME d 13 28 — I PIXCK

O lT  d 14 27 d  TTXOE
O E2 d j 15 26 d  TTXREO

w  d 16 25 d  SYSCLK
R ASL d 17 24 — I CSUBC
RASH d 18 23 d  Q
CAS1 d 19 22 d  E
CAS2 d 20 21 d  CASP

R 6 5 4 9  C V D G  P in  A s s ig n m e n ts

F E A T U R E S
•  H ig h  p e r fo rm a n c e  v id e o  g e n e ra to r

—  2:1 o r  1:1 in te r la c e
—  A n a lo g  re d , g re e n , b lu e  (R G B ) o u tp u ts
—  16 le v e ls  p e r c o lo r  p lu s  b la n k in g
—  4 0 9 6  c o lo r  c o m b in a tio n s
—  R S -1 7 0  s y n c  a n d  c o lo r  s u b c a rr ie r  g e n e ra tio n
—  16 e n try  c o lo r  lo o k -u p  ta b le  (LU T )
—  R S -1 7 0  c o m p o s ite  s y n c  o u tp u t w ith  e q u a liz a t io n  a n d  

s e r ra t io n  p u ls e s
—  In te rn a l/e x te rn a l v id e o  s y n c h ro n iz a t io n
—  C o lo r  s u b c a r r ie r  g e n e ra tio n  w ith  lin e , f ie ld  a n d  p ix e l p h a s e  

lo c k
—  C o m p a t ib le  w ith  M C 1 3 7 7  c o lo r  e n c o d e r

•  V id e o te x  (V T X )/T e le te x t (TTX ) g ra p h ic s
—  2 5 6  x  2 1 0  x  4 b it-m a p p e d  v id e o  im a g e  b u ffe r
—  P ro g ra m m a b le  b o rd e r  c o lo r
—  T ra n s p a re n t v id e o  o v e r la y  s ig n a l
—  F a s t X  C D P  a n d  Y  C D P  n ib b le  o r b y te  g ra p h ic s  I/O
—  N A P L P S  X - Y  o r ig in  w ith  s m o o th  Y v e r t ic a l s c ro ll
—  F a s t h o r iz o n ta l d ra w in g  s u p p o rt w ith  X  a u to  in c re m e n t b y te  

w r ite

•  D y n a m ic  R A M  in te r fa c e
—  D ire c t 4 8 k -b y te  D R A M  s u p p o rt, w ith  a u to  in h e re n t re fre s h  

fo r  in te r fa c in g  to  s ix  16k x  4  D R A M S  (4 4 1 6 -1 5 0  ns)
—  S u p p o r ts  th re e  m e th o d s  o f D R A M  a c c e s s :

—  V id e o  re fre s h  2 6 .9 k -b y te  D R A M — p o rt o r  a d d re s s  
m a p p e d

—  T e le te x t /p ro g ra m  5 .9 k -b y te  D R A M — p o rt o r  a d d re s s  
m a p p e d

—  O p tio n a l p ro g ra m  I 6k -b y te  D R A M  e x te n s io n — a d d re s s  
m a p p e d

—  In te r le a v in g  o f M P U  a n d  C V D G  D R A M  a c c e s s  fo r  u n in te r ­
ru p te d  re a d /w r ite  m e m o ry  a c c e s s  w ith o u t  m e m o ry  
c o n te n t io n

—  O n -c h ip  re fre s h  t im in g  and  c o n tro l
•  M P U  In te r fa c e

—  D ire c t t im in g  a n d  c y c le  s te a lin g  fo r  1 .4 M H z  6 8 A 0 9 E  M P U
—  D ire c t in te r fa c e  to  R 6 5 1 2  C P U

•  T e le te x t s u p p o r t
—  D M A  in te r fa c e  a n d  h a n d s h a k e  to  e x te rn a l N A B T S  te le te x t 

p ro fix  p ro c e s s o r
—  5 .7 2  M b p s  e f fe c t iv e  d a ta  ra te
—  8 k -b y te  te le te x t b u ffe r  D R A M  in te r fa c e

O R D E R IN G  IN F O R M A T IO N

P art N u m b e r T e m pe ra tu re  R ange

R6549 0 °C to 70°C

—  Package- P *= Plastic

D o c u m e n t  N o . 2 9 6 5 1 N 8 6 P r o d u c t  D e s c r ip t io n
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R 6 5 4 9 C o lo r V id eo  D isp lay  G e n e ra to r  (CVDG)

t e l e t e x t
PREF5X
p p o c e s s c *

c o r r w x »
C C « £ 5 S
L M C S 1

O tP
s a t r s

AOCWESS.
o r a
5 . 5

{ TTX R E Q

TTX O E

n."w

AO

A13

tO C S

D *C S
R6549
CVDG

R A S L

R A S H

C A S1

C A S 2

C A S P

0E1

OE2

W

RTIME

C T IM E

DTIME

S Y S C L K

PIXCK

CSUBC

C/HYSYNC

VSYNC

XPAR

}

DRAM
CONTROL

28.636363 MHz 
SYSTEM CLOCK

VIDEO/ 
COLOR 

• ' OUTPUT

F igu re  1. R 6 5 4 9  C V D G  In te rfa c e  S ign als

PIN D E S C R IP T IO N
T h ro u g h o u t th is  do c  i C ' «  a-« d e s c rb e d  -o c c a lly  us in g  
th e  te rm s  a c tiv e  (or a s s e -e - : • * £ ' " « * — g  r - e  tru e  s ta te , o r in ­
a c tiv e  (o r n e g a te d ) re p re s e - : i g  —«  ‘ a s *  s ta 'e  'e g a rd le s s  o l 
w h e th e r th e  s ig n a l is ac t .® a: a * « j -  o r  o «  vo fia ge  leve l

Th e  R 6 5 4 9  C V D G  s gna ts  ca -  se  i a ‘ * 9 c r ie c :  ' t o  seve ra l d if­
fe re n t fu n c tio n a l in te ^ a c e s  W -> j c c r " o  a-v: ad d re ss  bus, 
a d d re s s /d a ta  (A /D ) b - s  D R A V  zcr~  - co lo r .-c e o  o u tp u t, 
te le te x t p re fix  p ro ce ss o r a ^d  s y r e — c to c * n o v t F g „ r e  i  id e n ­
tif ie s  th e  s ig n a ls  w ith in  each g r;x .p

D M A C  IN T E R F A C E

T T X R E Q — T e le te x t D M A  R equest An asynefcronous fa llin g  
e d g e -tr ig g e re d  req ue st for d rect me-rvory access (DM A tra nsfe r 
o f d a ta  fro m  a te le te x t p re fix  p ro ce ss o r co n n e c te d  to  th e  
a d d re s s /d a ta  (A /D ) bus  to  D R A M  T h is  T T l  co rripa t.b  e in pu t

causes  th e  C V D G  to  s to p  g e n e ra tin g  the  E an d  Q c lo cks  fo r one 
A /D  bu s  cyc le , o u tp u t a 13 -b it a d d re s s  (AO -  A 1 2) to  th e  DRAM 
d u rin g  the p ro ce ss o r p o rtio n  o f th e  A /D  bus c yc le , a sse rt the 
T T X O E  s ign a l, and a s s e rt th e  W  o u tp u t to  en a b le  w r it in g  the 
d a ta  in to  D R A M .

T T X O E — T e le te x t D M A  O u tp u t E n a b le . A n ac tive  LO W  TTL 
c o m p a tib le o u tp u t pu lse  a s s e rte d  w ith in  on e  A /D  bus cyc le  after 
T T X R E Q  is a s se rte d  to  a c k n o w le d g e  T T X R E Q  re ce ip t and to 
e n a b le  d a ta  tra n s fe r fro m  th e  te le te x t p re fix  p ro ce sso r o n to  the 
A /D  bus (A D 0 -A D 7 ) .

M P U  C O N T R O L  A N D  A D D R E S S  B U S

E — E C lock. A  TT L  c o m p a tib le  1 .43  M H z o u tp u t c lo c k  that 
synchron izes  da ta  tra ns fe rs  ove r the  M P U  bus. Th is  o u tpu t drives 
th e  E c lo c k  in p u t to  th e  6 8 0 9 E  M P U  T h e  E c lo ck  has specia l 
V 0 h an d  V q l  o u tp u t le ve ls . V c c  -  0  5V  and V$s + 0.3V, 
re sp e c tive ly .
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R 6 5 4 9 C o lo r  V id e o  D isp lay  G e n e ra to r  (C V D G )

q ^ O  C lo ck . A  T T L  c o m p a tib le  1 43  M H z  o u tp u t c lock  tha t leads 
the E c lo c k  o u tp u t lo r  u se  by th e  6 8 09 E

r /VV— R e a d /W r ite  T h e  T T L  c o m p a tib le  R e a d 'W rite  in p u t 
con tro ls  th e  d ire c tio n  o f d a ta  tra n s 'e -  b e tw e e n  th e  M P U  an d  th e  
CVDG  (H IG H  «  rea d  fro m  th e  C V D G  LO W  =  w rite  to  th e  C V D G ) 
The FVW lin e  s h o u ld  be  c o n n e c te d  to  e x te rn a l da ta  b u s  tra n s ­
ce ive rs  to  a lso  c o n tro l th e  d a ta  d ire c tio n  b e tw e e n  th e  M P U  bus 
and th e  A /D  bu s

^ 0, A 1 —  M P U  A d d re s s  L in e  AO a n d  A1 In p u ts . W he n  IO C S  
is ac tive , th e  e n c o d e d  AO a n a  A i  in p u ts  s e le c t th e  re g is te r in  
the C V D G  lo  b e  a c ce ss e d  d u r in g  a re a d  o r  w r ite  o p e ra tio n  (see 
Tab le  1) A n  e x c e p tio n  is  w h e n  AO a n d  A 1 a re  b o th  h ig h  d u r in g  
M ode 0 . in  w h ic h  ca se  D R A M  is  C D P  a c c e s s e d  d ire c tly  b y  th e  
MPU a t a d d re s s e s  g e n e ra te d  by  th e  C V D G

W hen D R C S  is a c tiv e  a n d  p ro g ra m  D R A M  is s e le c te d  (P =  1 in  
the D R A M  P a g e  R e g is te r)  AO is p a ss e d  t r r o u g h  th e  C V D G  to  
drive th e  A D 6 o u tp u t d u r in g  D R A M  coJu-^n  a d d re s s  g e n e ra tio n  
in the  p ro c e s s o r p o rtio n  o f th e  A /D  b u s  c y c le  (see M P U  D R A M  
Access D e s c r ip tio n ).

A13— M PU  A d d res s  L in e  A 13  Inpu t. W h e n  D R C S  is a c tiv e, A 1 3 
input H IG H  c a u s e s  p ro g ra m  D R A M  to  be  a c ce ss e d  (C A S P  
asserted) d u r in g  th e  p ro c e s s o r p o f l 'o r ,  o f th e  A /D  bu s  c y c le  
independent o f th e  P b it va lu e  in th e  D f tA V  P age R eg iste r. W he n  
program  D R A M  is s e le c te d  in  th e  D R A M  P a g e  R e g is te r (P =  1) 
or w hen A 1 3  = 1, A 13 is  p a ss e d  th ro u g h  th e  C V D G  to  d r ive  th e  
AD5 o u tp u t d u r in g  D R A M  c o lu m n  a d d -e s s  g e n e ra tio n  in  th e  
processor p o rtio n  o f th e  A /D  b u s  c y c le  (see M P U  D R A M  A ccess  
D escrip tion).

IOCS— I/O  C h ip  S e le c t. T h e  a c t ve  L O W  T T L  c o m p a tib le , 
iOCS in p u t se le c ts  C V D G  I/O  p o n  op era * o n  T h e  C V D G  in te rn a l 
reg isters a d d re s s e d  b y  th e  AO a n d  A i  - p u ts  a re  a c ce ss e d  as 
enabled by th e  m o de  s e le c te d jn  th e  M o d e  R e g is te r. D a ta  d ire c ­
tion is c o n tro lle d  by  th e  R /W  in p u t as a p p ro p r ia te  fo r e a ch  
reg ister a n d  m o de .

Table 1. C V D G  R e g is te r  S i le c t  L o g ic  ( IO C S = L O W )

A1 AO M ode1 Read (R/W  sH ) W rite  (R/W = L)
L L — Status Register Mode Register
L H 0 X CDP Registe ' X CDP Register
H L 0 Y CDP Register y  CDP Register
H H 0 DRAM2 DRAM?
H H 1 — | LUT Aadress Register
H H 2 LUT3 LUT Data Register
H H 3 — | S»ntch Reg-ster
H H 4 — 1 Y Scro# Reg-ster
H L 5 TTX Pointer Reg ste- TTX Po-me- Register
H H 6 — 1 DRAW Page Register

Notes:
' ' ~ ' 1

1. The mode is selected in Mode Registe-
2 DRAM is accessed directly by m e MPU at DRAM assesses

determ ined by the CVDG X CDP and Y CDP register contents
3 The LUT is accessed as enabled and addressed in me LUT

Address Register.

D R C S — D R A M  C h ip  S e le c t. D R C S  is a T T L  c o m p a tib le , ac tive  
L O W , in p u t th a t e n a b le s  M P U  a c ce ss  to  th e  D R A M  C T IM E , 
R T IM E  a n d  D T IM E  o u tp u ts  are  a s se rte d  by th e  C V D G  at th e  
p ro p e r  t im e s  to  e n a b le  e x te rn a l bu f'e ^s  w t* c h  eJ'n,e th e  M PU  
g e n e ra te d  a d d re ss  o n to  th e  A /D  bu s  a n d  d r - .e  d a ’ a b e tw e e n  
th e  M P U  b u s  d a ta  lin e s  a n d  th e  A 'D  bu s  th e  d i r e c to n  c o n ­
tro lle d  b y  R /W  (H IG H  = read from  DR AM  LOW = r  to  D R AM  
N o te  th a t D R C S  c o n f ig u ra tio n s  a re a d v a n c e r  a - - ;  z z m c^a . 
m a n y  c o n f ig u ra tio n s .

A D D R E S S /D A T A  B U S

A D O - A D 7 — A d d re s s /D a ta  L in e s . E ig h t T T l  c o m p a r e
b id ire c t io n a l,  m u ltip le x e d  a d d re s s /d a ta  lin e s  ( A D O -A D 7 i -  e- 
fa c e  th e  C V D G  d ire c tly  to  th e  v id e o /p ro g ra m  D R A M , th ro n g "  
e x te rn a l b u ffe rs  to  the  M PU a d d re ss  bus  (A i -  A12), a n d  th rough  
e x te rn a l tra n sc e ive rs  to  the  M P U  da ta  bus  (DO -  D7). T h e s e  lines 
t ra n s fe r  b o th  a d d re ss  a n d  d a ta  b e tw e e n  th e  D R A M  a n d  th e  
C V D G  a n d  b e tw e e n  th e  M P U  bu s  and  th e  C V D G /D R A M  d u rin g  
o n e  6 9 8  n s  A /D  bu s  c yc le .

R A S L , R A S H — R ow  A d d res s  S tro b e  L ow  an d  H ig h . T T L  c o m ­
p a tib le  o u tp u ts  s tro b e  the  u p p e r e ig h t b its  o f th e  a d d re s s  on  A /D  
b u s  lin e s  A D 0 -A D 7  in to  D R A M (as D R A M  a d d re s s e s  A 6 -A 1 3 )  
o n  th e  fa ll in g  e d g e . R A S L  s tro b e s  th e  a d d re s s  in to  th e  
D R A M  c o n ta in in g  th e  lo w e r fo u r  d a ta  b its  (D 0 -D 3 )  a n d  R A S H  
S tro b e s  th e  a d d re ss  in to  th e  D R A M  c o n ta in in g  th e  u p p e r fo u r 
d a ta  b i ts  (D 4 -D 7 ) .

C A S 1 , C A S 2 , C A S P — C o lu m n  A d d re s s  S tro b e s  1, 2 an d  P .
T h e  T T L  c o m p a tib le  C A S  o u tp u ts  s tro b e  th e  s ix  lo w e r b its  of 
th e  a d d re s s  o n  A /D  b u s  lin e s  (A D 1 -A D 6) in to  D R A M  (a s  D R A M  
a d d re s s e s  A 0 -A 5 )  on the  fa llin g  edge . C A S 1 a n d  C A S 2  c o n n e c t 
to  th e  v id e o  D R A M  c o n ta in in g  th e  LU T a d d re s s e s . F o u r 4 -b it 
L U T  a d d re s s e s  p a ck e d  in to  tw o  by te s  a re  a c c e s s e d  d u r in g  th e  
v id e o  p o r t io n  o f e a ch  A /D  b u s  c yc le . C A S T  s tro b e s  th e  D R A M  
c o n ta in in g  t he  LU T  a d d re s s e s  fo r the  f irs t tw o  p ix e l p o s itio n s  
w h ile  C A S 2  s tro b e s  th e  D R A M  d e v ic e s  c o n ta in in g  th e  LU T  
a d d re s s e s  fo r  th e  se co n d  tw o  p ixe l p o s itio n s  C A S P  c o n n e c ts  
to  th e  p ro g ra m  D R AM  c o n ta in in g  the  p ro g ra m  in s tru c tio n s /d a ta

O E 1 , O E 2 — D R A M  O u tp u t E n a b le . T h e s e  a c tiv e  L O W . T T L  
c o m p a tib le , o u tp u ts e n a b le  D R A M  de v ice  d a ta  o u tp u t lin e s  d i c ­
in g  a re a d . O E 1 c o n n e c ts  to  th e  tw o  v id e o  D R A M  d e v ice s  
c o n ta in in g  b y te  1 (L U T  a d d re ss e s  fo r p ix e ls  1 and  2 ) a n d  is 
a s s e r te d  f i rs t  d u r in g  a v id e o  re fre sh  c yc le . O E 2  c o n n e c ts  to  the 
tw o  D R A M  d e v ice s  con ta in in g  b y te 2 (L UT a d d re sses  fo r p ixe ls  3 
a n d  4 ) a n d  is a s se rte d  fo llo w in g  O E 1 . O E 2  is  a ls o  c o n n e c te d  
to  th e  p ro g ra m  D R A M  d e v ic e s  a n d  e n a b le s  th e ir  d a ta  o u tp u ts  
d u r in g  th e  p ro c e s s o r p o rtio n  o f th e  A /D  b u s  c yc le .

W — D R A M  W rite  E n a b le . T h e  T T L  c o m p a tib le , a c tiv e  LO W , W  
o u tp u t s tro b e s  d a ta  fro m  th e  A /D  bu s  in to  D R A M  d u r in g  a w rite  
in  th e  p ro c e s s o r  p o rtio n  o f th e  A /D  bu s  c yc le . W  is h e ld  H IG H  
d u r in g  a re a d  fro m  D R A M .

R T IM E — R o w  A d d res s  T im e . The ac tive  LO W , T T L  c o m p a tib le  
R T IM E  o u tp u t e n a b le s  D R A M  row  a d d re ss  lin e s  fro m  th e  M P U  
o n to  th e  A /D  b u s  th ro u g h  e x te rn a l b u ffe rs  w h e n  D R C S  is ac tive . 
(R e q u ire d  fo r  D R C S  c o n f ig u ra tio n s  on ly .)

C T IM E — C o lu m n  A d d res s  T im e . Th e  a c tiv e  LO W , T T L  c o m ­
p a tib le , C T IM E  o u tp u t e n a b le s  D R A M  c o lu m n  a d d re s s  lin e s  
fro m  th e M P U  o n to  th e  A /D  bus th ro u g h  e x te rn a l b u ffe rs  w he n  
D R C S  is  a c t iv e  (R e q u ire d  fo r D R C S  c o n f ig u ra tio n s  o n ly .)

2-83



R 6 5 4 9 C o lo r  V id e o  D isp la y  G e n e ra to r  (CVDG)

D tT M E — D a ta  T im e  T h e  a c tiv e  LO W . T T L  c o m p a tib le . D T IM E  
o u tp u t e n a b le s  d a ta  tra n s fe r  b e tw e e n  th e  M P U d a ta  bus and 
the  A /D  b u s  th ro u g h  e x te rn a l tra n s c e iv e rs  w h e n  D R C S  or IO CS 
is  a c tiv e .

S Y S T E M  C L O C K

S Y S C L K — S y s te m  C lo c k . A c lo c k  in p u t w ith  a d u ty  c yc le  o f 
4 0 /6 0  to  5 0 /5 0  T h e  c lo c k  fre q u e n c y  s h o u ld  be  28  63636  M H z 
± 80  H z fo r  p ro p e r o p e ra tio n  o f th e  c o io rb u rs t fre q u e n c y  T h is  
in p u t c lo c k  m a y  be  s to p p e d  in  e ith e r  s ta te  fo r up  to  1 <iS to  a llow  
fo r e x te rn a l d ig ita l p h a s e  lo ck  te c h n iq u e s

V ID E O /C O L O R  O U T P U T S

C S U B C — C o lo r  S u b c a rr ie r  C lo c k  O u tp u t. A  T T L  c o m p a tib le  
3 .579545  M H z  ± 1 0 %  co lo r s u b c a m e r d o c k . The c lo ck  rate com ­
p lie s  w ith  th e  N o rth  A m e r ic a n  C o lo r B u rs t C lo c k  O u tp u t 
S ta n d a rd . T h e  ra te  is the  S Y S C L K  d iv id e d  by  e ig h t an d  is phase 
ke ye d  to  th e  h o r iz o n ta l s y n c  (H S Y N C ) o u tp u t o n  C /H S Y N C  (as 
e ith e r a c o m p o n e n t o f C S Y N C  or pu re  H S Y N C ). V e rtica l b lanking  
in te rv a l (V B I) c o lo r  g a tin g  by  V S Y N C  m u s t be  d o n e  e x te rn a lly  
(s ince s o m e  m o d e m s  req u ire  an u n in te rru p te d  3 .579  M H z clock).

W he n  th e  c o lo r  o u tp u ts  a re  c o n n e c te d  to  an  M C 1 3 7 7  co lo r 
e n c o d e r, th e  C S U B C  o u tp u t c a n  be c o n n e c te d  to  th e  M C 1377  
C LK  in p u t, ty p ic a lly  th ro u g h  a 50 0  pF c a p a c ito r /1 5 0  ^H  in d u c to r 
fi lte r  n e tw o rk .

C /H S Y N C — C o m p o s ite /H o riz o n ta l S y n c  O u tp u t. E ithe r a 
c o m p o s ite  s y n c  (C S Y N C ) o r a h o r iz o n ta l s y n c  (H S Y N C ) o u tp u t 
a t T T L  le v e ls , a s s e rte d  tip s  d o w n " ,  is s e le c te d  by th e  E x te rn a l 
S ync  (E X T ) b it  in  th e  S w itc h  R e g is te r.

In in te rn a l s y n c  (E X T  =  0). an  R S -17 0  c o m p o s ite  s y n c  w ith  fu ll 
se rra tio n  a n d  e q u a liz a tio n  is  o u tp u t in  e ith e r  2:1 o r  1:1 in te rla ce  
as s e le c te d  b y  th e  2:1 In te r la c e  S e le c t (S 21 ) b it in  th e  S w itch  
R eg is te r (S 21  = 1 fo r  2 :1 ; S21 =  0 fo r  1 :1).

In e x te rn a l s y n c  (E X T  = 1). a  p u re  H S Y N C  is  o u tp u t in  e ith e r 
norm al o r e a r ly  tim in g  as se le c te d  by  the  N o rm a l H orizon ta l Sync 
(N HS) b it in  th e  S w itc h  R e g is te r. In n o rm a l t im in g  (N H S  = 1), 
a 15.7 k H z  s ig n a l is  o u tp u t; in  a d v a n c e  t im in g  (N H S  = 0), a 
15 .9 kH z s to p  c lo c k  s ig n a l is  o u tp u t.

W he n  th e  c o lo r  o u tp u ts  a re  c o n n e c te d  to  an M C 1 3 7 7  co lo r 
e n co d e r, th e  C /H S Y N C  O utput ca n  be  c o n n e c te d  d ire c tly  to  the 
M C 1 377  S Y N C  in p u t p in

V S Y N C — V e r t ic a l S yn c  In p u t/O u tp u t. A  T T L  c o m p a .ib le  
v e rtic a l s y n c  (V S Y N C ) in p u t o r  o u tp u t s ig n a l d e p e n d in g  on  the 
s ta te  o f th e  E x te rn a l S y n c  (E X T ) b it in  th e  S w itc h  R e g is te r (see 
M o de  3). V S Y N C  is  an  e x te rn a lly  g e n e ra te d  in p u t a t po w e r up 
or w h e n  E X T  =  1. V S Y N C  is an  in te rn a lly  g e n e ra te d  o u tp u t 
w hen  E X T  =  o.

The V S Y N C  o u tp u t ca n  be  u s e d  to  d is a b le  th e  c o lo r s u b c a rr ie r 
at th e c h ro m a m o d u la to r d u r in g  VBI. V id e o te x  de co d e rs  can also 
use V S Y N C  to  in te r ru p t th e  M P U  at a 6 0  H z ra te  fo r b link , task  
and t im e k e e p in g  o p e ra tio n s .

P IX C L K — Pixel C lock O u tp u t. A 5 72 72  M H z  p ixe l o u tp u t clock 
ru n n in g  s y n c h ro n o u s ly  w ith  th e  R G B  c o lo r  o u tp u ts

R . G . B — R ed , G reen  an d  B lue  C o lo r  O u tp u ts . T h re e  sepa-a<g 
c o lo r  a n a lo g  o u tp u t v o lta g e s . E ach  o u tp u t p ro v id e s  a i  0 Vpp 
v id e o  s ig n a l a t h igh  im p e d a n ce  w ith  a i  8  V d c  o ffse t Eac~ cofcsr 
le v e l is c o n tro lle d  by a 4 -b it c o lo r  c o d e  a c c e s s e d  frc-~  the  _UT 
fo r  e a ch  p ix e l p o s itio n . A  d ig ita l- to -a n a io g  c o n v e -e -  D a c  
c o n v e rts  th e  4 -b it c o d e  to  o n e  o f 16 o u tp u t v o lta g e  le v e s  :  
le ve l =  1 .875 V dc; w h ite  le ve l =  2 .8 0 0  V dc) T h e  th ree  
a llow  4096  c o lo r level c o m b in a tio n s . A c o m p o s ite  b la n k in g  s ----  
(1 .8 0 0  V dc ) is  in c lu d e d  in e a ch  o u tp u t.

T h e  o u tp u t s ig n a ls  in c lu d e  h ig h  fre q u e n c y  c lo c k  com p on en ts  
w h ic h  m a y  re q u ire  lo w  p a s s  fi lte r in g  in  s o m e  a p p lic a tio n s . The 
o u tp u ts  ca n  be  c o n n e c te d  to  th e  R IN , G  IN , a n d  8  IN inputs 
to  a M C 1 3 7 7  c o lo r  e n c o d e r th ro u g h  15 ( ty p ic a l)  A C  coup ling  
c a p a c ito rs .

T h e  c o lo r o u tp u ts , th ro u g h  e x te rn a l b u ffe rs , ca n  a lso  drive 
7 5  o h m  lo a d s , e .g ., th e  in p u ts  to  a n  R G B  c o lo r  m o n ito r/T V .

X P A R — T ra n s p a re n t O u tp u t. A  T T L  c o m p a tib le , a c tiv e  H IGH, 
o u tp u t c o n tro lle d  by  o n e  b it  in  a 4 -b it c o d e  ( th re e  b its  a re  do n 't 
c a re ) in  th e  LU T . A L U T  v a lu e  o f 1X X X  in  D R A M  a s se rts  XPAR 
(H IG H ); LU T  va lu e  o f 0 X X X  in  D R A M  n e g a te s  X P A R  (LO W ). This 
o u tp u t can  be  used  to  in d ic a te  w h ic h  v id e o  s o u rc e  to  se lect. 
W h e n  X P A R  o u tp u t is  H IG H , e x te rn a l v id e o  s ig n a ls  s h o u ld  be 
s e le c te d  to  d is p la y  b a c k g ro u n d  v id e o ; w h e n  X P A R  o u tp u t is 
LO W , C V D G  ou tp u ts  s h o u ld  be se le c te d  to  d is p la y  g ra ph ics . The 
X P A R  o u tp u t is a lw ays H IG H  d u r in g  composite? b la n k in g  to  pass 
e x te rn a l v e r tic a l b la n k in g  in te rv a l (V B I) s ig n a ls , e x te rn a l sync, 
c o lo r  b u rs t, e tc .

P O W E R /G R O U N D

V C C — P rim a ry  P o w e r. 5 0 V dc

V S S — G ro u n d . P ow er a n d  s ig n a l g ro u n d

F U N C T IO N A L  D E S C R IP T IO N
T h e  R 6 5 4 9  C V D G  o p e ra tio n  is  c o n tro lle d  by  th re e  fre e -ru n n in g  
s y n c h ro n o u s  s ta te  m a c h in e s  w ith  th e  fo llo w in g  c y c le  ra tes:

A d d re s s /D a ta  (A /D ) B us C y c le  6 9 8  n s /c y c le  (1 .4 3  M H z) 
H o riz o n ta l R a s te r L ine  C y c le  6 3 .5  /^s /cyc le  (1 5 .7 4  k H z ) ' 
V e r t ic a l R a s te r F ra m e  C y c le  3 3 .3  m s /c y c le  (30  Hz)

T h e  C V D G  a lso  in c lu d e s  t im in g  s h ift  re g is te rs  a n d  sa m p le  flip - 
f lo p s  to  g e n e ra te  in te rn a l a n d  e x te rn a l t im in g  s ig n a ls ; p ro­
g ra m m e d  lo g ic  a rra ys  (P L A s ) to  p e rfo rm  I/O  d e c o d in g , genera te  
D R A M  c o n tro l s ig n a ls  a n d  d e te rm in e  s ta te  m a c h in e  ou tpu ts : 
re g is te rs  to  h o ld  c o m m a n d /s ta tu s  a n d  d a ta ; an  in te rn a l 16-bit 
ro w /c o lu m n  bu s  in  d is p la y  X -Y  c o o rd in a te s : in te rn a l in p u t and 
o u tp u t 8 -b it d a ta  b u ss e s ; a n d  in p u t/o u tp u t b u ffe rs  to  iso la te  
in te rn a l c irc u its  fro m  e x te rn a l in te r fa c e s  a n d  to  d r iv e  ou tpu ts . 
F ig u re  2 illu s tra te s  th e  m a in  C V D G  c o m p o n e n ts .

’ A 15.9 KHz stop-clock early sync is selectable.
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V e r t ic a l  R a s te r  F r a m e  C y c leS Y S T E M  T IM IN G  

S y s te m  C lo c k
In te rna l an d  o u tp u t tim in g  s ign a ls  a re  d e rive d  Iro m  the 
28 .636363  M H z  c ry s ta l fre q u e n c y  on  the  S Y S C LK  in p u t p in. A 
tw o-phase n o n -o v e rla p p in g  14.318181 M H z (S Y S C LK /2 ) c lock  
is ge ne ra te d  to  s e q u e n ce  h ig h  speed  da ta  tra n s fe r w ith in  the 
CVDG.

T im in g  S h if t  R e g is te r
The T im in g  S h ift R e g is le r g e n e ra te s  in te rn a l tim in g  pu lses  as 
in terna l tim in g  re fe ren ce s  a t fre que nc ies  from  14.318 M H z down 
to 13.98 kH z. F lip -flo p s  sa m p le  the  va rio us  tim in g  pu lses  to 
gene ra te  d e r iv a t iv e 't im in g  re fe re n ce  s ign a ls  fo r use by o the r 
CVDG c ircu its .

A tw o-phase n o n -o ve rla p p in g  1.431818 M H z (S Y S C LK /20) c lock  
is ge ne ra ted  fo r  lo w  sp e e d  s e q u e n c in g  w ith in  the  C V D G  and 
is a lso th e  e x te rn a l m ic ro p ro c e s so r bus and A /D  bu s  tim in g  
re ference . O n e  ph ase  o f th e  1.43 M H z c lo c k  d rive s  th e  E c lock  
output p in. A q u a d ra tu re  1.431818 M H z d o c k  lead ing the E clock 
is o u tpu t on  th e  Q  o u tp u t p in .

P ix e l C lo c k
A  5.72 M H z p ix e l c lo c k  is o u tp u t on th e  P IX C K  o u tp u t pm . Four 
p ixe l o u tpu t c lo c k s  o c c u r ea ch  698 ns (one c lo ck  pu lse  c o in c i­
dent w ith  each  o f th e  red , g re en  and  b lue  co lo r leve l o u tpu ts  
and the tra n s p a re n t b it o u tp u t fo r each  p ixe l lo ca tion )

V ID E O  R A S T E R  C O N T R O L

H o r iz o n ta l R a s te r  L in e  C y c le
An in te rn a l h o riz o n ta l s ta te  m a ch in e  (H S M ) c o n tro ls  th e  ho ri­
zontal ras te r line  c yc le . T h e  H S M  is in c re m e n te d  at the  E c lock  
rate, n o m in a lly  e v e ry  6 9 8  ns. W he n  n o rm a l h o riz o n ta l sync 
tim ing is se lected  in  the  S w itch  R eg ister (N H S =  1), 91 ho rizonta l 
counts (HSO -  H S90), o r  sta tes, com prise  the 63  56 us line raster. 
W hen early ho rizon ta l sync  tim in g  is se lected (N H S =  0), typ ica lly  
to  support e x te rn a l s y n c h ro n iz a tio n , 90 h o riz o n ta l coun ts  
(HSO -  H S89) p ro v id e  a 62 .86  **s line  raster. T h e  firs t 64 coun ts  
c lock the 256 d isp la ye d  p ixe ls  (a t four p ixe ls  p e r count). F igu re  3 
illus tra tes  the  h o r iz o n ta l an d  v e rtic a l ras te r c o u n t re fe ren ce .

The HSM  ge n e ra te s  th e  h o riz o n ta l ras te r tim in g  pu lses  fo r 
in te rna l log ic  a n d /o r e x te rn a l o u tp u t. T h ese  s ig n a ls  a re  the 
ho rizon ta l sync  (H S Y N C ), h o riz o n ta l bo rde r a n d  b la n k in g , h o r i­
zontal b lan k in g , s e rra tio n  an d  eq ua liza tio n  tim in g  pu lses .

The ho rizonta l bo rde r and  b la n k in g  pu lse  id en tifies  the  tim e  th a t 
a border co lo r is o u tp u t (see LU T  D ata R eg is te r d e sc rip tio n ) o u t­
side of the  256 p ixe l lo ca tio n s  e x c e p t d u rin g  ac tu a l ho rizo n ta l 
b lanking. T h is  s ig n a l is  re p o rte d  in b it 6 (H B) o f the S ta tus  
Register.

An in cre m en t ve rtica l c o u n t s ig n a l is a lso  g e n e ra te d  to  in c re ­
m ent the v e rtic a l s ta te  m a ch in e

A n in te rn a l v e rtic a l s ta te  m a c h in e  (V S M ) c o n tro ls  " •«  33 3 ^  
v e rtic a l ra s te r fra m e  cyc le . T h e  V S M  is •n c re m e " :e c  •«-.;« 
h o riz o n ta l ra s te r line c yc le . T h e  VSM  c o u n t (V S O -V S S 23 j  
V S 0 -V S 5 2 4 ) ,  o r s la te , s u p p o rts  tw o  fra m e s  pe r 30 rrs  
ra s te r c yc le . T h e  uppe r c o u n t d e p e n d s  on  the  m te- a ;e  
(S21) s w itch  po s itio n  s e le c te d  in th e  S w itc h  R e g g ie -  
in te rla c e  m o d e  is se le c te d  (S21 =  1), the  u p p e r V S M  c o u ^ - < ... 
po rts  a  262 V2 line fram e. W he n  1:1 in te rlace  is se lected  S 2 l « ;■ 
th e  u p p e r V S M  co u n t s u p p o rts  a  262  line  fra m e

A V S M  c le a r  s ig n  is  n o rm a lly  g e n e ra te d  w he n  th e  V SM  upper 
c o u n t is re a ch e d  to  res ta rt th e  V S M  at 0; h o w e v e r, w h e n  exter. 
na l sync is se le c te d  (EXT =  1) the  V S M  c le a r s ig n a l is generated 
fro m  th e  e x te rn a l sync  s ig n a l in p u t on  1he  V S Y N C  p in . Internal 
vertica l s ta te  tim in g  s ignals  a re  ge ne ra ted  fo r in te rn a l log ic  and'or 
e x te rn a l o u tp u t. T h ese  s ig n a ls  in c lu d e  v e r tic a l syn c  (VSYNC), 
v e rtic a l b o rde r and b la n k in g , v e rtic a l b la n k in g , and  equalization 
e n a b le  pu lses  and the  load Y s c ro ll p o in te r tim e .

A n in te rn a l v e rtic a l sync  p u ls e , a  v e rtic a l b la n k in g  pu lse , and 
an e q u a liza tio n  pu lse  a re  g e n e ra te d  fo r c o m b in in g  w ith  the 
H S Y N C  s e rra tio n  and e q u a liz a tio n  pu lses  w h e n  in te rn a l sync 
is se le c te d  (E X T = 0) to  o u tp u t c o m p o s ite  s yn c  on  th e  C/HSYNC 
pin

T h e  ve rtic a l b la n k in g  pu lse  is  a lso  b u ffe re d  a n d  o u tp u t on the 
V S Y N C  p in  w hen in te rna l sync  is  se lec ted  in th e  S w itch  Register 
(E X T = 0)

The in te rn a l ve rtica l bo rde r a n d  b la n k in g  pu lse  is ge ne ra te d  and 
re p o rte d  in b it 7 (VB) o f th e  S ta tu s  R eg is te r. T h e  p u ls e  width 
is 3 302 ms fo r 2:1 in te rlace  (S21 =  1) o r 3 .333 m s fo r 1:1 in terlace 
(S21 = 0). T h is  du ra tion  id e n tifie s  th e  tim e  the  b o rd e r co lo r deter­
m ined  from  the  LU T D ata R eg is te r is ou tpu t, exce p t d u rin g  actual 
v e rtic a l b la n k in g .

A n  in te rn a l lo ad  Y o ffse t p o in te r s ig n a l is g e n e ra te d  and routed 
to  th e  Y S c ro ll C o u n te r to  ca u s e  th e  Y  o ffse t to  lo a d  d u r in g  the 
n o n -v is ib le  p o rtio n  o f the d is p la y  ras te r.

C o m p o s ite  S y n c  a n d  C o lo r  S u b c a r r ie r  
C lo c k  G e n e r a t io n

H S Y N C  is o u tp u t in one o f tw o  fo rm s  on  th e  C /H S Y N C  pin 
d e p e n d in g  up on  the  EXT b it s ta te  in  the  S w itc h  R e g is te r If 
in te rn a l syn c  is  se le c te d  (E X T  =  0), H S Y N C  is  c o m b in e d  w ith  
h o r iz o n tal b la n k in g  se rra tio n , e q u a liz a tio n  a n d  v e rtic a l sync 
(V S Y N C ) p u ls e s  to  o u tp u t as  c o m p o s ite  s y n c  (C S Y N C ) If 
e x te rn a l sync  is se le c te d  (E X T  =  1), th e  H S Y N C  s ig n a l is o u tpu t 
on  C /H S Y N C .

A  3 58 M H z co lo r s ubca rrie r c lo c k  (S Y S C LK /8 and  ph ase  • e , e r  
to  h o riz o n ta l sync ) is g e n e ra te d  fro m  c o m p o s ite  S)~-c &~£ 
h o riz o n ta l sync  s ign a ls  th e n  is o u tp u t on th e  C S U B C  p  *
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0 1

100 -

VERTICAL -
STATE
MACHINE
(VSM)
COUNT

200 -

3 0 0 -

► H O RIZO NTAL STATE M ACH IN E (HSM) COUNT 
= VIDEO REFRESH CO LUM N  ADDRESSES

69 76
20 27 31 6 5 170 72 I 79

: HBLANK

IHBLAN

150

ACTIVE : 
PIXEL •: 

DISPLAY: 
REGION

89 (EARLY HSYNC)
90 (NO RM AL MSYNC)

Y ADDRESS CNTR 
(Y 0 -Y 7 )
=  VIDEO REFRESH 

ROW ADDRESSES

NOTES:
Vertical S tate Transition (HS28)
Vertical State Transition and HSYNC (HS73)
Sym bol de fin itions:
H BLAN K = Horizontal B lanking
IH BLANK ■= Horizontal Border and B lanking
VBLANK = Vertical B lanking
IVBLANK ■= Vertical Border and B lank ing
C BLAN K = HBLANK + VBLANK = C om posite Blanking
IC BLAN K = =  IHBLANK + IVBLANK = Composite Borders and Blanking
S hading Legend:

E3 Active Pixel D isplay Region

0  Right and Left Borders

H  Top and Bottom Borders

CD Blanking Region

E  Com posite SYNC (CSYNC)

F ig u re  3 . C V D G  V id e o  R a s te r  C o u n t R e fe re n c e
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A D D R E S S /D A T A  B U S  C O N T R O L

T h e  A d d re s s /D a ta  B us  s ta ts  m a ch in e  c o n tro ls  th e  o p e ra tio n  o f 
the  698 ns A /D  bus c yc le . T h e  A /D  bus c y c le  c o n ta in s  a 2 -b y te  
v ide o  d a ta  a c ce ss  c y c le  a n d  a 1-by te  I/O  d a ta  a c c e s s  c yc le  
(F ig u re  4). T h e  a d d re ss e s  a n d  d a ta  tra n s fe rre d  on  th e  A /D  bus 
d e pe nd  on  th e  ph ase  o f th e  A /D  bus c yc le  (i.e .. the  E c lo c k  leve l) 
and the  typ e  o f o p e ra tio n  in  th e  I/O  da ta  a c ce ss  c y c le  T a b le  2 
id e n tifie s  th e  s o u rc e  o f th e  a d d re ss e s  fo r  e a ch  ty p e  o f D RAW  
access .

V id e o  D a ta  A c c e s s  C y c le

The v ideo  d a ta  access  c yc le  (a lso referred  to  as the  v id e o  po rtion  
o f th e  A /D  b u s  c yc le ) o c c u rs  d u r in g  the  ‘  rs t h a lf o f th e  A /D  b - s  
c yc le  (w h e n  th e  E c lo c k  is  LO W ) T w o  b y te s  o f v id e o  d a ta  
(co n ta in ing  fo u r  LU T  a d d re ss e s  c o rre s p o n cm g  to  to u r p<*e loca ­
tio n s  on  th e  d is p la y ) a re  re a d  e a ch  c y c le  fro m  D R A M  =• th e  
D R A M  a d d re s s  g e n e ra te d  by th e  C V D G  T h e  D R A M  a o c -e s s  
is g e n e ra te d  c o rre s p o n d in g  to  the  firs t o f fo u r  p ix e l c o lu m n  lo c a ­
tio n s  in th e  h o r iz o n ta l ra s te r an d  th e  p ix e l ro w  lo c a tio n  «  th e  
v e rtic a l ra s te r. T h e  v id e o  c o lu m n  (X) a d d re s s  o f 0  to  6 4  is c o n ­
tro lled  by  th e  ho rizo n ta l s ta te  m a ch in e  T h e  v ideo  row (Y ) a d d 'e s s  
o l 209  to  0 is c o n tro lle d  by  th e  Y  A d d re s s  C o u n te r  w h ic h  is  m 
tu rn  c o n tro lle d  by  th e  v e r t ic a l s ta te  m a c h in e  and  th e  Y  S c ro ll 
R eg is te r. T h e  tw o  d a ta  b y te s  a re  lo a d e d  in to  th e  C V D G  V id e o  
D ata R e g is te r fo r s u b s e q u e n t s e ria liz a tio n  an d  LU T a cce ss  (see 
the  P ixe l C o lo r  G e n e ra tio n  d e sc rip tio n ).

U p to  4 8 k -b y te s  o f D y n a m ic  R A M  (D R A M ) ca n  be  c o n n e c te d  to  
the A /D  bus to  s to re  v ide o  d a ta  (LU T  addresses) fo r v ide o  re fresh  
p rogram  in s tru c tio n s /d a ta  and  rece ived  te le te x t data. T h e  DFtAM 
is s e g m e n te d  in to  s ix  8 k -b y te  b lo c ks  w ith  p a g e  s e le c tio n  o f o n e  
b lock  a t a tim e  d u r in g  a cce ss  (F ig u re  5). Four pages are  requ ired  
fo r v id e o  re fre s h  ( V 0 0 - V 1 1 ) ;  th re e  p a g e s  (V 00 , V01 and  V iO ) 
ho ld v ide o  d a ta  e x c lu s iv e ly , a n d  one pa ge  (V 11) ho ld s  v ide o  and  
p ro g ra m /te le te x t d a ta . T w o  o th e r pages ho ld  p ro g ra m  d a ta  D u r­
ing  the  v id e o  d a ta  a cce ss  c yc le , and  som e m o de s  o f the  I/O  da ta  
access cyc le , p a g in g  is h a n d le d  a u to m a tica lly  by the C V D G . The 
A 13  a n d  AO in p u t lin e s  a n d  th e  P, V 1 a n d  VO b its  in  th e  C V D G  
D R AM  P ag e  R e g is te r  s e le c t th e  p a g e  fo r M P U  D R A M  a c ce ss  
d u r in g  th e  I/O  d a ta  a c c e s s  c y c le  (see M P U  D R A M  A c ce s s  
d e sc rip tio n ).

I /O  D a ta  A c c e s s  C y c le

The I/O  d a ta  a c ce ss  c y c le  (a lso  re fe rre d  to  as  th e  p ro c e s s o r 
p o rtio n  o f th e  A /D  bu s  c yc le ) o c c u rs  d u r in g  th e  s e c o n d  h a lf o f 
th e  A /D  bu s  c y c le  (w he n  E c lo c k  is H IG H ). A /D  bu s  a d d re ss  
so u rce  an d  d a ta  s o u rc e /d e s tin a tio n  d e p e n d s  up on  C V D G  c h ip  
se le c t (IO C S  a n d  D R C S ) a n d  T e le te x t R e q u e s t (T T X R E Q ) 
in p u t leve ls , th e  s e le c te d  C V D G  m o de , a n d  th e  re g is te r se le c t 
(AO and A 1) in p u t le ve ls  R e fe r to  the  d e s c r ip t io n  o f e a ch  I/O  
a cce ss  c y c le  fu n c tio n  fo r d e ta ils .

A /D  B u s  C o n t r o l  L in e  B u f fe r s  a n d  L o g ic

Th e  A /D  B us  C o n tro l L in e  B u ffe rs  and Lo g ic  c o n d it io n jn p u t and 
o u tp ut A /D  B us  c o n tro l s ig n a ls  S ix  in p u t s ig n a ls  (R /W , AO, A 1. 
A13 , IO C S a n d  D R C S ) a re  b u ffe re d  and  ro u te d  to  th e  D R A M  
C o n tro l P LA .

T h e  E and  Q  o u tpu t c lo c ks are s u pp resse d  d u ring  a te le text DM* 
tra n s fe r. W h e n  T T X R E Q  in p u t go e s  LO W , th e  O  an d  E cloct 
o u tp u ts  a re  h e ld  LO W  to  d is a b le  th e  c lo c ks  fo r o n e  M P u  txa 
c yc le  In a d d itio n , the  in c re m e n t T T X  ad d re ss  c o u n t goes H iG i 
to  in c re m e n t th e  m o d u lo  3 2  T T X  C o u n te r. W h e n  T T X R E Q  
H IG H  a t th e  c o m p le tio n  o f ih e  D M A  d a ta  tra n s fe r, th e  E ar^  
Q  o u tp u t c lo c k s  are  e n a b le d , th e  T T X O E  o u tp u t s negated 
(rese t H IG H ), a n d  th e  in c re m e n t T T X  a d d re s s  c o u n t s gnai <% 
rese t

■ • te rn a i re se t a n d  in it ia liz a tio n  s ig n a ls  a re  g e n e ra te d  w hen both 
O C S  a n d  D R C S  in p u ts  a re  LO W  fo r  te s t p u rp o se s .

A /D  B u s  C o n t r o l  P L A

~ * e  A /D  B u s  C o n tro l P L A  d e c o d e s  C V D G  and A /D  B us opera- 
to n  c o m m a n d s  fro m  b u ffe re d  A /D  bu s  c o n tro l in p u t s ign a ls  and 
e -c o d e d  m o d e  b its  in th e  M o de  R eg is te r. O u tp u ts  fro m  the  PLA 
a re  bu*?ered a n d  ro u te d  to  o th e r c irc u its  in  th e  C V D G  as inter­
na l e n a N e  s ig n a ls .

A .D  B u s  In p u t /O u t p u t  B u f fe r s  —

” '<= A O  B us  In p u t/O u tp u t B u ffe rs  iso la te  the  in te rn a l C VD G  data 
Scs ie s  fro m  th e  e x te rn a l A /D  bus lines  (ADO -  A D 7). Inpu t buf­
f ' s  c o r :  - .o w s ty  c o p y  ADO -  A D 7  o n to  th e  in te rn a l in p u t data 

O u tp u t b u y e rs  d r iv e  th e  s ta te s  o f th e  in te rn a l o u tp u t data
& -s  ie s  or-to  ADO -  A D 7 w hen  e n a b le d  by  a C V D G  o u tp u t func- 
t o n  a_<3 d o c k e d  by th e  14 3 M H z  in te rn a l c lo c k . T w o  o f these 

-•- '“ e 's  d r  .9 A D 5 a n d  A D 6  d u r in g  M P U  D R A M  access 
(D R C S  = L ) w .th  th e  D R A M  p a g e  s ig n a ls , i.e ., VO and 
V * respe c trve fy . o r A 13  a n d  AO in pu ts , re s p e c tive ly , depend ing  
cr- " «  s ta le  s f  tr-e A 13 -p._- a--d '- .e  °  b it in th e  D R A M  Page 
R e g  sser

A .D  B u s  O u tp u t  C o n t r o l  L o g ic

T h e  A /D  5wS O u tp u t C o n tro l - o g c  C r-.es  d a ta  o r : o  —e r te m a l 
o u tp u t ‘to t* ' r e e " ia i -3»  a.- -- zc>. —  Dvs *e s  l ' c n  the 
L U T  a n d  tro m  c r - * '  i~ te "v a  C '.O G  r - c _ t s  e ~ a r ed sy 
o u tp u ts  fro m  th e  A O  B u s  C c r"Z >

D R A M  C o n t r o l  P L A  a - d  B . ^ e ' s

T h e  D R A M  C o r t 'c i  PLA 5 . “ ^'5 c - r -e -a 'e  and  d r.ve  contro l 
a n d  tim in g  o * t p . - s j ' i  s • ;  Z—-'-1 —e row . c o lu m n  and
d a ta  tim e  o u tp u t c o n tro l s p r a t s  to r  _se 6y  e x te rn a l lin e  buffe rs  
and  da ta  I'n e  t r a -s c e  .e -s  'te " - -a i s .g n a ls  to  co n lro l
in p u t/o u tp u t d a -a d i r e c to -  a~d to  e th e  in te rn a l row  and 
c o lu m n  bu s

T im in g  p u ls e s  fro m  the  *  — -g 3 -  “  R e g  s te rs . c o n tro l s igna ls  
fro m  th e  M o d e  and  Page re g is te rs  a .  d  b ^ s  C o n tro l B u y e rs  and 
L o g ic , a n d  A /D  B us  Contrc-J Pi_a s g n a is  ge ne ra ted
and  d e r iv e d  fro m  o th e r s e c tc ^ s  c* t - e  C V D G  a re  in p u t to the 
PLA.

O u tp u t c o n tro l s ta te s  fro m  th e  P_A a 'e  ^ “te re d  and  rou ted  to 
e x te rn al D R A M  c o n trc . s ;~ a  p " s  = a $ L  R ASH  C A S 1 .C A S 2 , 
C A S P , O E 1 , O E 2, a nd W ) and  to  e x te rn a l A D  bus con tro l 
s ig n a l p in s  (C T IM E . R T IM E  an d  D T iM E ) O th e r  o u tpu t 
s ig n a ls  a re  in ve rte d  and ro u te d  to  -n te rna l log ic
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R6549 ___________________________________ Color V ideo Display G enerator (CVDfi|
Ta b le  2. A d d re s s /D a ta  Bus A d d ress  S o u rc es

DRAM Row/Column - CA5 C A4 CA3 CA2 I CAt CAO — RA7 RA6 RA5 RA4 RA3 | RA2 _ r a 7 |

~ *o r

CVDG Display Row/Column Bus C7 C6 C5 C4 C3 | C2 C 1 CO R7 R6 R5 R4 R3 | R2 Rt
A/D Bus AD7 AD6 AD5 AD4 AD3 AD2 ADI ADO AD7 AD6 ADS A 04 AD3 A02 AOt

Video Cycle ' 0 w V6 V5 V4 V3 V2 0 V1 VO H6 H5 H4 H3 H2 Hi]

Processor Cycle

CDP Graphics2 

(IOCS = L, Mode 0)

X I s Y7 Y6 Y5 Y4 Y3 Y2 XO4 Y1 YO X7 X6 X5 X4 X3

i

w

MPU Video DRAM Access5 

(DRCS -  L, P -  0)

A0* V I7 VO* A12 A l l A10 A9 0 A8 A7 A6 A5 A4 A3 A2 At

:

MPU Program DRAM Access8 

(DRCS -  L. P = 1)
0 A0» A t 3s A12 A11 A10 A9 0 A8 A7 A 6 A5 A4 A3 A2 At

Teletext DMA Access '0 

(TTXREQ -  L)
TO 1” 1” T12 T 11 T10 T9 0 T8 T7 T6 T5 T4 T3 T2 Tt

Notes:
1. Video Cycle

H i - H 6 ■ HSM Output m 0 to 64 (=  o to 255 pixel LUT addresses @ 4 addresses per access):
VO -  V7 = Y Scroll Counter Output = 209 to 0

2. CDP Graphics
XO -  X7 •  X CDP Reg ster/Counter contents = 0 to 255;
Y 0 -Y 7  -  Y CDP Reg ster contents ■ 0 to 255 (0 to 209 tor displayable data)

3. X1 controls the C A S t and CAS2 outputs
0 -  Assert CAS1
1 -  Assert CAS2

4. XO controls the RASL and RASH outputs
0 -  Assert RASL
1 ■ Assert RASH

5. MPU Video DRAM Access A O -A t2  « MPU Address ■ 0 to 4096
6 AO input controls the CAST and CAS2 outputs:

L ■ Assert CAS1 
H -  Assert CAS2

7- VO and V i bits in the DRAM Page Register control assertion of AD6 and AD5 outputs, respectively:
0 -  Negate output
1 «  Assert output

8 . MPU Program DRAM Access: A0 - A 13 = MPU Address ■ 0 to 8192
9. AO and A13 inputs contro l the AD6 and AOS Outputs, respectively

L » Negate output 
H « Assert output

10. Teletext Access:
T1 - T 4  > M odulo 32 counter incremented by each DMA byte transfer 
T 5 -T 1 2  »  Teletext Pointer Register contents incremented by T 1 -T 4  overflow

11. AD6 and AD5 asserted to select program DRAM
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DRAM Page 
Register Addr

(Hex)
Addr
(Dec) Memory Page M em ory  F u nctionA13 P V I  VO

‘  1FFF 8191 1

1 1 X X Program 1

(A13 = 1)

0 0 ■ PROGRAM
1FFF 8191

0 1 X X Program 0
(A13 = 0)

0 0

'  1FFF 8191 '
. PRO GRAM /

0 0 1 1 Video 3 (V 11) TELETEXT
0900 2304
08FF 2303 0,209 I 1,209 Note 2

.  0 0

‘  1FFF 8191

0 0 1 0 - Video 2 (V10)

0 0

“  1FFF 8191 „ V ID EO '
DATA

0 0  0  1 ■ Video 1 (V01)

0 0

'  1FFF 8 i9 i

0 0 0  0
el

Video 0 (V00)

0 0 2S4 0 | 255.0 Note 2

N ote*:

1. 26,860 bytes of v ideo m em ory are required to support video re*-es-‘  e tc s u p o 5 3 .7 $ C  4-txt LUT addresses in support o ' the
210 x  256 pixe l d isp lay area W ith  32,768 bytes supp lied in tour « 4 i6  DRAM devices. 5888 bytes are availab le to r general
program /TTX m essage use in the upper pan of v ideo memory p a je  3 ( V i ’ .:

2. N ibbles show n correspond to beg inn ing  and ending data for 2 i0  *  2S6 pacei display a-ea in X (coium n). Y(row) eoordwates.

F ig u re  5 . O R A M  M e m o ry  M ap
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P IX E L  C O L O R  G E N E R A T IO N  

L U T  A d d r e s s  G e n e r a t io n

T h e  16 -b it V id e o  D a ta  R e g is te r  la tc h e s  th e  fo u r L U T  a d d re ss e s  
co n ta in e d  in  th e  tw o  d a ta  b y te s  a c q u ire d  d u r in g  th e  v id e o  da ta  
acce ss  c y c le . T w o  4 -b it c o lo r  lo o k u p  ta b le  (LU T ) a d d re ss e s  are  
pa ck e d  in to  e a ch  b y le . T h e  V id e o  S h ift  R e g is te r s e r ia liz e s  th e  
fo u r LU T  a d d re s s e s  a n d  tra n s fe rs  th e m  o n e  by te  a t a tim e  to  
th e  LU T A d d re ss  G e n e ra to r. T h e  LU T A d d re ss  G en e ra to r la tches 
th e  4 -b it c o d e d  L U T  a d d re s s e s  fro m  th e  V id e o  S h ift R eg is te r, 
c o n v e rts  th e  c o d e d  a d d re s s  to  16 b in a ry  s ig n a ls  and  la tch es  th e  
b in a ry  a d d re s s  ( 0 - 1 5 )  fo r  ro u tin g  to  th e  LU T .

L U T  O p e r a t io n

T h e  c o lo r  lo o k -u p  ta b le  (LU T ) is a 16 x  13 b it m e m o ry  h o ld in g  
16 e n tr ie s  o f R, G  a n d  B c o lo r c o d e s  a n d  c o rre s p o n d in g  tra n s ­

p a re n t s ta te  (see T a b le  3) E a c h  e n try  h o ld s  th re e  4 -b it encoded  
c o lo r leve ls  (0000  =  lo w e s t v o lta g e  le ve l. 1111 =  h ig h e s t vo ltage 
leve l) and a 1 -b it tra n s p a re n t s ta te  (0 =  o ff. i  = on). Fo r e a ch  pixel 
lo ca tio n  th e  th re e  c o lo r  le v e l c o d e s  (R G a n d  B) a re  sam p led  
fro m  the LU T, la tch e d  a n d  ro u te d  th ro u g h  th re e  se p a ra te  d ig ita l- 
to -ana log  c o n v e rte rs . T h e  tra n s p a re n t b it c o rre s p o n d in g  to  each 
p ix e l lo c a lio n  is a ls o a c c e s s e d  fro m  th e  LU T , la tch e d , bu ffe red  
a n d  o u tp u t on th e  X P A R  p in

D ig i t a l - T o - A n a lo g  C o n v e r s io n  (D A C s )

T h e  4-b it c o lo r c o d e  fo r  e a c h  c o lo r  (R , G a n d  B) at a p ixe l posi­
t io n  is c o n v e rte d  to  a c o r re s p o n d in g  a n a lo g  v o lta g e  th ro u g h  a 
16 -leve l d ig ita l- to -a n a lo g  c o n v e r te r  (D A C ). F o u r lin e s  fro m  the 
fo u r  c o lo r c o d e  lin e s  a n d  th e ir  fo u r  c o m p le m e n ts  a re  d e co de d  
to  one  o f 16 le ve ls , s a m p le d  a n d  la tc h e d . T h e  la tc h e d  o u tpu ts  
are  in tu rn c o n n e c te d  to  th e  c o lo r o u tp u t p in  (R, G and B) th rough 
a vo lta g e  d iv id e r  la d d e r n e tw o rk .

T a b le  3 . L U T  S tru c tu re

LUT
ADDR

LUT FORMAT

XPAR' GREEN2 BLUE2 RED2

(HEX) 3 X y \ y 3 2 1 0 3 2 i 0 3 2 1 0

F

E /
D

K /
C 0 X 0 ° 0 0 0 1 0 0 0 1 1 1

B

A NO

9 1 ACTUAL 1 0 0 0 1 1 0 0 1 1 1 1 I

8 1 / DATA

7 X X
6

5 /
4 /
3 /
2 ! >
1 /
0

Notes:
1 XPAR is a s ingle bit in Ihe LUT: the form al shown corresponds 

to the LUT Data Register format:
OXXX = XPAR output LOW 
1XXX = XPAR output HIGH

2 Color Data Level
0000 -  lowest output voltage = 1 875 Vdc 
1111 = h ighest Output voltage = 2 800 Vdc

1 Example 13

Example 2 *

3 Example 1— LUT Address C Data:
XPAR output = LOW
G outpul = 1.875 + 0 (0 .0617) = 1 875 Vdc 
B output = 1.875 + 4 (0.0617) = 2 122 Vdc 
R outpu l = 1.875 + 7(0 .0617 ) = 2 307 Vdc

4 Example 2— LUT Address 9 Data:
XPAR output = HIGH
G output = 1 875 + 8 (0 .0617) = 2 369 Vdc
B output = 1.875 » 12(0  0617) = 2 615 Vdc 
R output = 1 875 ♦ 15 (0 0617) = 2 800 Vdc
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I/O  D A T A  A C C E S S  C Y C L E  F U N C T IO N S

The I/O  a c c e s s  c y c le  o p e ra te s  in o n e  o f five  w ays

1 C VD G  M o d e /S ta tu s  R eg is te r A c ce s s  (enab led by  IO C S LO W )

2 . C V D G  G ra p h ic s  A c c e s s  (e n a b le d  by IO C S  LO W )

3 . C V D G  P a ra m e te r  I/O  A c c e s s  (e n a b le d  b y  IO C S  LO W )

4 M PU  D R A M  I/O  A c c e s s  (e n a b le d  by  D R C S  LO W )

5 . T e le te x t B y te  D M A  (e n a b le d  by  T T X R E Q  LO W )

The b a s ic  ty p e  o f I/O  a c c e s s  c y c le  is d e te rm in e d  by  th e  c h ip  
select (IO C S  o r D R C S ) a n d  T e le te x t R eq ues t (T T X R E Q ) inpu ts . 
W hen n e ith e r o f th e  c h ip  s e le c t in p u ts  a re  LO W , n o r has a TTX  
D M A tra n s fe r  b e e n  in it ia te d  by  T T X R E Q  LO W , th e  I/O  a cce ss  
cycle is id le  w ith  n o  d a ta  tra n s fe r o c cu rr in g  d u r in g  th e  p ro ce sso r 
po rtion  of th e  A /D  b u s  c y c le

W h e n  IO C S  is L O W , th e  re g is te - ad d re ss  in p u ts  (AO a n d  A 1) 
and  th e  m o d e  s e le c te d  in  th e  C V D G  M o d e  R e g is te r d e fin e  the  
sp e c ific  C V D G  I/O  o p e ra t on i e M o de  S ta tus  R e g  s ’ e - Access  
C V D G  G ra p h ic s  A c c e s s  (M o de  Oj o r on e  o ‘  th e  s u  C V D G  
P a ra m e te r A c ce s s  m o d e s  (M odes 1-6 ,  T a & le *  s -o w s  tne  
C V D G  re g is te rs  a c c e s s ib le  d u r in g  th e  I/O  a c ce ss  c y c le  a n d  the  
b it a s s ig n m e n ts . W h e n  A i  a n d  AO a re b e --  H 3 -  ;-■» 'e c is 'e ' 
b its  a re  d e fin e d  w ith  re fe re n c e  to  a p s e -d o  D a 'a  R e ;  r e -  t>a  
T h e  a c tu a l in te rn a l C V D G  re g is te r a cce ss e c  c r  —«
s e lected  m o de  (see T a b le  4) The bits are Oef ~ec -  ” -s 
te x t.

C V D G  M o d e /S ta tu s  R e g is te r  A c c e s s

W h e n  IO C S  is L O W  a n d  th e  re g is te r a d d re ss  is z e ro  AO a - :  
A 1 in p u ts  a re  b o th  LO W ), th e  M o de  R e g is te r (M R ) o r  th e  Sta'.us 
R e g is te r (SR ) is a c c e s s e d  d e p e n d in g  upon  th e  R /W  in p u t leve l 
W h e n  R /W  is LO W , th e  M o d e  R e g is te r is w r itte n ; w h e n  RAV is 
H IG H , th e  S ta tu s  R e g is te r  is  read.

T a b le  4. C V D G  R e g is te r  S u m m ary

E

Internal CVDG R eg is te r Mode

R egister
Select
Lines

R/W 4

R eg ister B it No.
Reset3A I AO 7 6 5 4 3 2 1 0

Mode Register - 0 0 w - - - — S M2 M 1 MO OF
Status Register - 0 0 R VB HB M2 M 1 MO P V1 VO -------
X CDP Register 0 0 1 R/W X7 X6 X5 X4 X3 X2 X 1 XO 00

Y CDP Register o 1 0 R/W Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO 00

DRAM' 0_ 1 1 R/W P3 P2 P 1 PO 0 3 Q2 Q 1 QO —

LUT Address Register 1 1 1 W XPE RE GE BE A3 A2 A t AO 00

LUT2 2 1 1 R - - - D3 D2 D 1 DO —
LUT Data Register 2 1 1 W - - - - D3 D2 D 1 DO —
Switch Register 3 1 1 W NHS S21 EXT LS TST - — — FB
Y Scroll Register 4 1 1 W Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO 00

TTX Pointer Register 5 y 0 R/W A12 A i 1 A10 A9 A8 A7 A6 A5 00

DRAM Page Register 6 1 1 W — — - — P V , VO 07
Notes:

1. The DRAM is directly^accessed and not the CVDG
2. Data is transferred from the LUT onto the A/D bus without going through the LUT Data Register
3. Reset state upon power up
4 . R/W = Read/write (R ■= read only, W = write only; R/W = read or write).
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M o d e  R e g is te r

T h e  w r ite -o n ly  M o d e  R e g is te r  s e le c ts  th e  C V D G  m o d e  fo r  ne x t 
read  fro m , o r w rite  to , th e  C V D G . In a d d it io n , th e  M o d e  R eg is te r 
c o n ta in s  a s u b m o d e  fla g  a p p lic a b le  o n ly  to  M o d e  0 . T h e  M ode 
R e g is te r m a y  be  w r ilte n  a t a n y  t im e  re g a rd le s s  o f th e  c u rre n t 
C V D G  m ode . T h e  m ode  a n d  s u b m o d e  b its  a re  in itia lize d  to  ones 
up on  p o w e r up .

R eg ister A1 AO R/W
B it P os ition

7 6 5 4 3 2 1 0

Mode 0 0 W - - - - S M2 M1 MO

M R 7 -M R 4  N ot u sed  (n o  e ffe c t)

M R 3 C D P  S u b m o d e  F la g  (S ) —  (M o d e  0 o n ly — see M o de  0 
d e s c r ip t io n )

0 E n a b le  C D P  N ib b le  S u b m o d e  A llow s  re a d /w rite  o f a 
s in g le  4 -b it p ixe l n ib b le  in a by te

1 E n a b le  C D P  Byte S u b m o d e  A llow s  re a d /w rite  of tw o 4-b it 
p ix e l n ib b le s  in  a b y le  w ith  a u to m a tic  in c re m e n t o f the 
X  C D P  fo r  fa s te r s to ra g e  o f L U T  a d d re s s e s  in  D R A M .

M R 2 -M R 0  C V D G  M o d e  (M 2 -M 0 )

(M 2) (M l) (MO)

0 0 0 M o d e  0 —  P o rt C D P  G ra p h ic s
0 0 1 M o d e  1 —  L U T  A d d re s s
0 1 0 M o d e  2 —  LU T  D ata
0 1 1 M o d e  3 —  S w itc h  R e g is te r
1 0 0 M o d e  4 —  Y  S c ro ll O ffs e t R e g is te r
1 0 1 M o d e  5 —  T e le te x t D M A  P o in te r
1 1 0 M o d e  6 —  S e t D R A M  Page
1 1 1 N ot u s e d  —  n o  e ffe c t

Note that th e  m o de  m ust be  w ritte n  in to  th e  M o de  R eg is te r be fore 
th e  d e s ire d  m o d e  ca n  be  e x e c u te d

S ta tu s  R e g is te r

The read-on ly  S ta tu s  R e g is te r re p o rts  th e  s e le c te d  C V D G  m ode, 
th e  se le c te d  D R A M  p a g e  a n d  th e  s ta tu s  o f th e  h o r iz o n ta l an d  
vertica l ras ter b la n k in g  s ign a ls . T h e  S ta tus  R eg s te r m a y  be read 
at a n y tim e  re g a rd le s s  o f th e  C V D G  m o d e

T h e  ho rizo n ta l b la n k in g  (H B ) a n d  v e r t ic a l b la n k in g  (V B ) s ig n a ls  
re p o rt th e  s ta te  o f th e  v id e o  ra s te r  a t th e  tim e  o f a c c e s s  The 
s ta te s  o f th e se  tw o  s ig n a ls  c a n  b e  u s e d  fo r 15 k H z  p o ll-d r iv e n  
tim ing , vertica l b lan k in g  in te rv a l (V B I) id e n tifica tio n , L U T  load ing , 
e tc . T h ese  b la n k in g  t im e s  re f le c t th e  n o n -p ix e l d is p la y  tim e  
in c lu d in g  the  tim e  ac tu a l h o r iz o n ta l an d  v e rtic a l b la n k in g  s ign a ls  
a re  g e n e ra te d  (fo r in c lu s io n  in  c o m p o s ite  s y n c  o u tp u t) .

B it P os ition
R eg iste r A1 AO R/W 7 6 5 4 3 2 1 0

Status 0 0 R VB | HB M2 M 1 MO p  | v i VO

S R 7 V ertic a l B la n k in g  (V B )

0 V e rt ica l b la n k in g  is a s s e rte d
1 V e rtica l b la n k in g  is n o t a s s e rte d

S R 6 H o rizo n ta l B la n k in g  (H B )

0  H o riz o n ta l b la n k in g  is  a s s e rte d .
1 H o riz o n ta l b la n k in g  is  n o t a s se rte d .

S R 5 -S R 3  M o d e  S e le c te d  (M 2 -M 0 )

R e p o rts  th e  c u r re n t C V D G  m o d e  as s e le c te d  in b its  2 -0  
o f th e  M o d e  R e g is te r .

S R 5 SR4 S R 3
(M 2 ) (M l) (MO)

0 0 0 M o d e  0 —  P o rt C D P  G ra p h ic s
0 0 1 M o d e  1 —  L U T  A d d re s s
0 1 0 M o d e  2 —  L U T  D a ta
0 1 1 M o d e  3  —  S w itc h  R e g is te r
1 0 0 M o d e  4  —  Y  S c ro ll O ffs e t R e g is te r
1 0 1 M o d e  5 —  T e le te x t D M A  P o in te r
1 1 0 M o d e  6  —  D R A M  P age
1 1 1 N o t u s e d  —  n o  e ffe c t

S R 2 -S R 0  D R A M  P a g e  S e le c te d  (P , V 1 , VO)

R e p o rts  th e  c u r re n t D R A M  P a g e  s e le c te d  in  b its  2 - 0  of 
th e  P age  R e g is te r  (se e  M o d e  6 —  W rite  D R A M  Page) 
P is th e  p ro g ra m  R A M  p a g e  in d ic a to r . VO a n d  V I  a re  the 
v id e o  p a g e  in d ic a to rs

S R 2 SR1 SRO
(P) ( V I ) (VO) S e le c te d  D R A M  P ag e

0 0 0 V id e o  P a g e  0: 8 k-b y te  v id e o  R AM
0 0 1 V id e o  P a g e  1 ; 8 k -b y te  v id e o  R A M
0 1 0 V id e o  P a g e  2: 8 k -b y te  v id e o  R A M
0 1 1 V id e o  P a g e  3 : 2 .3k-byte  v id e o  R A M ; 

5 .9k-byte  p ro g ra m  R A M
1 0 0 P ro g ra m  P ag e ; 16k-byte o p tio n a l p ro g ra m  

R A M  acce sse d  v ia  D R C S (add itiona lly  paged 
by A13 a n d  AO in pu ts )

M o d e  0 —  P o r t  C D P  G r a p h ic s

W h e n  IO C S is L O W  a n d  M o d e  0  is s e le c te d  in th e  M ode 
R eg ister, the Port C u rre n t D ra w in g  P o in te r (C D P ) M ode  is active. 
In th is  m o de  d is p la y  c o lu m n  a n d  ro w  a d d re ss e s  ca n  be  w ritte n  
to  the  C V D G  C u rre n t D ra w in g  P o in te r  (C D P ) X an d  Y  re g is te rs , 
re sp e c tive ly , a n d  p ixe l d a ta  a c c e s s e d  in D R A M . T h is  m o d e  is 
p r im a rily  used  to  u p d a te  L U T  a d d re s s e s  (i.e ., th e  C D P s) in  the 
v id e o  pages o f D R A M . T h e s e  L U T  a d d re ss e s  a re  th e  v id e o  data 
read  fro m  th e  D R A M  by  th e  C V D G  d u r in g  th e  v id e o  p o rtio n  of 
th e  A /D  bus c yc le .
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T h is  m o d e  c a n  be  u s e d  to  w r ite  o r re a d  d a ta  in  a n y  o f th e  fo u r 
gk -by te  v id e o  p a g e s  o f D R A M  d e fin e d  by  th e  VO a n d  V 1 b its  
jn th e  C V D G  D R A M  P a g e  R e g is te r. T h e  f irs t th re e  pa g e s  (V00, 
V01 a nd V lO )  a re  u s e d  e x c lu s iv e ly  fo r  v id e o  d a ta . 23 04  by tes  
(a d d re sse s  0 -8 F F )  o f th e  fo u r th  p a g e  (V 1 1) a re  used  fo r v id e o  
da ta  w h ile  th e  re s t o f th e  D R A M  c a n  b e  u s e d  fo r p ro g ra m  o r 
te le te x t m e s s a g e  s to ra g e .

In m o d e  0 , th e  M P U  w r ite s  th e  a d d re s s  o f th e  d a ta  in  d isp la y  
c o o rd in a te s  in to  th e  C V D G  X  C D P  a n d  Y  C D P  re g is te rs  The 
X C D P  c o n ta in s  th e  p ix e l p o s itio n  in  th e  h o r iz o n ta l a x is  (i.e ., the 
d isp lay  c o lu m n  n u m b e r) and  va rie s  fro m  0 to  2 5 5  (hex  FF). Each 
p ixe l d a ta  n ib b le  c o rre s p o n d s  to  a lo c a tio n  (0  to  15) in  th e  c o lo r 
look-up ta b le  (L U T ) fro m  w h ic h  th e  c o r re s p o n d in g  R. G and B 
co lo r le ve ls  a n d  tra n s p a re n t b it d a ta  a re  re tr ie v e d  fo r c o lo r 
g e n e ra tio n . T h e  Y  C D P  c o n ta in s  th e  p ix e l p o s it io n  in  th e  ve rtica l 
axis ( i.e ., th e  d is p la y  ro w  n u m b e r) a n d  v a r ie s  fro m  0 to
255 (h e x  FF ). O n ly  v a lu e s  o f 0  to  2 0 9  a re  u s e d  b y  th e  C V D G  
d u ring  th e  v id e o  p o r t io n  o f th e  A /D  b u s  c y c le  to  a c ce ss  v id e o  
data. Y  a d d re s s e s  2 1 0 -2 5 5  id e n tify  D R A M  a d d re s s  on  v id e o  
O RAM p a g e  V 11 th a t c a n  c o n ta in  n o n -d is p ia y a b ie  d a ta  i.e 
p ro g ra m  o r  te le te x t d a ta .

The re g is te rs  a c c e s s ib le  (b e s id e s  in  M o d e  a n d  S ta tu s  reg is te rs ) 
in th is  m o d e  a re :

R eg ister A1 AO R/W
B it P o s itio n

7 • 5 4 3 2 1 0

X CDP 0 1 R/W X7 X6 X5 X4 X3 X2 | X 1 j XO |

Y CDP 1 0 R/W Y7 Y6 Y5 i Y4 Y3 Y2 | Y 1 | YO I
D R AM ' 1 1 RAV P3 P2 P I P0 0 3 0 2  01 j OC
'N o t CVDG Access

The X  C D P  R e g is te r  is  a c c e s s e d  at re g is te - a d d 'e s s  i  (A 1 =  0 
and A 0  =  1) a n d  th e  Y  C D P  R e g is te r is  a c c e s s e d  a t re g is te r 
address 2 (A1 =  1 a n d  A0 =  0) W h e n  r e g s :e- a d d re ss  3 (A i =  i  
and A 0  =  1) is  d e te c te d , th e  C V D G  g e n e ra te s  D F tAM  row  ana 
co lum n a d d re s s e s  c o rre s p o n d in g  to  th e  d is p la y  c o o rd  nates 
loaded in  th e  X  C D P  a n d  Y  C D P  re g is te rs  D a ta  is  th e n  w ritte n  
from  th e  A /D  b u s  to  th e  D R A M  (R /W  = low ) o r  re a d  fro m  the  
D RAM  to  th e  A /D  b u s  (R /W  =  h ig h )

There a re  tw o  s u b m o d e s  in  M o d e  0 th a t a llo w  a c c e s s in g  o f 
D RAM  d a ta  a t e ith e r  th e  n ib b le  (4 -b it) o r  b y te  (8 -b it) le ve l The 
subm ode is s e le c te d  by  th e  S b it (b it 3) in  th e  M o d e  R eg is te r

S  ■= 0 C D P  N ib b le  S u b m o d e
S  =  1 C D P  B y te  S u b m o d e

C D P  N ib b le  S u b m o d e

The C D P  N ib b le  S u b m o d e  (S =  0) re a d s  o r w r ite s  D R A M  da ta  
one n ib b le  at a tim e . E ig h t b its  o f d a ta  c o rre s p o n d in g  to  tw o  4-b it 
LUT a d d re s s e s  (P 3 -P 0  a n d  Q 3 -Q 0 )  a re  o n  th e  A /D  d a ta  bus 
but o n ly  o n e  n ib b le  is  re a d  o r w r it te n  d u r in g  e a c h  acce ss

W hen w r it in g  th e  d a ta , th e  Q  n ib b le  s h o u ld  c o n ta in  the  sam e 
Pixel d a ta  as th e  P n ib b le . O n ly  o n e  o f th e  n ib b le  v a lu e s  is
s trobed in to  D R A M  a c c o rd in g  to  th e  X 0  v a lu e  in th e  X C D P
R eg is ter w h ic h  e n a b le s  th e  R A S L  o r R A S H  s ig n a l to  D R AM  
during th e  w rite . If X 0  = 0, th e  Q  n ib b le  (d a ta  b its  3 -0 )  is w ritte n

in to  th e  D R A M  (ro w  a d d re s s  s tro b e d  by  R A S L ); if  X 0  =  1 , the  
P n ib b le  (d a ta  b its  7 -4 )  is  w ritte n  in to  th e  D R A M  (ro w  a d d re ss  
s tro b e d  by  R A S H )

W h e n  re a d in g  th e  d a ta , o n ly  on e  n ib b le  is re a d  d e p e n d in g  on  
th e  s ta te  o f X 0  in th e  X  C D P . It X 0  = 0, th e  Q  n ib b le  is rea d  
(row  a d d re s s  s tro b e d  b y  R A S L); if X 0  = 1 . th e  P n ib b le  is rea d  
(row  a d d re s s  s tro b e d  b y  R ASH ).

R e a d in g  o r w r it in g  th e  d a ta  in th is  s u b m o d e  h a s  n o  e ffe c t on  
the  X  C D P  o r Y  C D P  re g is te r  va lu es

C D P  B y te  A c c e s s  S u b m o d e

T h e  C D P  B y te  S u b m o d e  (S  = 1) re a d s  o r w r ite s  tw o  4 -b it LU T 
ad d re ss e s  a t a  t im e  (in  o n e  byte) w ith  an  a u to m a tic  in c re m e n t 
o f th e  X C D P  v a lu e  in  th e  X C D P  R e g is te r  d u r in g  w r ite  E ach  
w rite  o f th e  D R A M  d a ta  w r ite s  th e  e ig h t d a ta  b its  o n  A D 0 -A D 7  
in to  D R A M  a n d  in c re m e n ts  th e  X C D P  b y  tw o  u p o n  th e  c o m p le ­
tio n  o f th e  w r ite  c y c le . (T h e  n e w  X C D P  c o u n t c a n  b e  re a d  fro m  
the X C D P  R eg is te r a t a n y  tim e .) As w rit in g  o f th e  d a ta  c o n tin u e s , 
th e  X C D P  v a lu e  e v e n tu a lly  w rap s  a ro u n d  to  z e ro  a n d  c o n t in u e s  
in c re m e n tin g  T h e  Y  C D P  R e g is te r v a lu e  m u s t b e  in c re m e n te d  
by w r it in g  a n e w  Y  C D P  v a lu e . T h e  a u to m a t ic  in c re m e n t o f 
X C D P  v a lu e  a llo w s  fa s t h o riz o n ta l d ra w in g  fo r f i l l in g  o f p o ly g o n  
and re c ta n g le  ty p e  s h a p e s  (i.e ., no  in te rv e n in g  X  C D P  u p d a te  
is re q u ire d ) N o te  th a t th e  f i lle d  b o u n d a r ie s  m u s t be  a d d re s s e d  
by th e  h o r iz o n ta l lin e  s o ftw a re  s ince  th e  X 0  v a lu e  h a s  n o  e ffe c t 
in  th is  s u b m o d e .

T h is  fe a tu re  is u s e fu l fo r  fa s t n o n -m o d u lo  2 1 0  Y  s c ro l lin g  w ith  
q u ic k  re a d s /w r ite s  in te r le a v e d  by o ld /n e w  Y  a d d re s s  u p d a te s . 
N o te  th a t w h e n  S = 1 in  th e  M ode  R e g is te r , th e  X 0  v a lu e  has 
no  e ffe c t (th e  P n ib b le  c o rre s p o n d s  to  X 0  =  1 a n d  th e  Q  n ib b le  
c o rre s p o n d s  to  X 0  =  0)

R ead ng  o f th e  D R A M  d a ta  in  th is  s u b m o d e  d o e s  n o t e f fe c t th e  
X C D P  c o u n t

C V D G  P A R A M E T E R  I /O  A C C E S S

S a  C V D G  P a -a r^e ie -  A c c e s s  m ooes a^iow t i e  M P U  to  lo a d  c o r -  
tro i U 'a ' - 'e 'e 's  n t o  C V D G  in te rn a l reg  s te 's  T w o  o f th e  m o de s  
a s o  a i d *  • l e U P u  to  re a d  tn e  p a -a m e te r v a lu e s  fro m  re g is te rs . 
T h e  e x a c t m o d e  a n d  a c c e s s  is c o n tro lle d  by  th e  s e le c te d  m o de  
i i  t f ie  M o d e  R e g .s te - a n d  th e  re g is te r s e le c t in p u t lin e s  (A i 
an c  A0)

M o d e  1 —  L U T  A d d r e s s

l r  M o de  1 , d a ta  w r it te n  to  re g is te r a d d re s s  3 (A1 =  1 and  
AO =  1) is lo a d e d  in to  th e  LU T A d d re s s  R e g is te r. F o u r b its  
c o n tro l L U T  w r ite  a n d  re a d  and th e  o th e r  fo u r  b its  c o n ta in  th e  
ac tu a l L U T  a d d re s s  B its  7 -4  (X P E , R E , G E  a n d  BE) e n a b le  
w rit in g  in to , o r re a d in g  fro m , c o rre s p o n d in g  s e c t io n s  o f th e  LU T 
(i.e .. X P A R , R, G a n d  B) d u r in g  M ode  2 a c c e s s  B its  3 - 0  in  the  
re g is te r c o n la in  th e  L U T  ad d re ss  (0 -1 5 )  a c c e s s e d  d u r in q  
M o de  2 .

R eg iste r A1 AO R/W
B it P o s itio n

7 6 5 4 3 2 1 0

LUT Address 1 1 W XPE RE GE ':E A3 A2 A I AO
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D R 7 T ra n s p a re n t E n a b le  (X P E )

0 D is a b le  X P A R  w r ile  o r rea d
1 E n a b le  X P A R  w rite  o r rea d

D R 6 R ed  E n a b le  (R E )

0  D is a b le  R w r ite  o r rea d
1 E n a b le  R w rite  o r  read

D R 5 G reen  E n a b le  (G E)

0  D is a b le  G w r ile  o r rea d
1 E n a b le  G w rite  o r  read

D R 4 B lu e  E n a b le  (B E )

0 D is a b le  B w r ite  o r  read
1 E n a b le  B w r ite  o r read

D R 3 -D R 0  L U T  A d d res s  (A 3 -A 0 )

D R 3 D R 2 DR1 DRCt
(A 3 ) (A 2 ) (A I) (AO)

0 0 0 0 LU T  a d d re s s  0
0 0 0 1 LU T  a d d re s s  1

1 1 1 1 LU T  a d d re s s  15

T h e  LU T  a d d re ss  in  th e  LU T  A d d re s s  R eg is te r, ra th e r th a n  the  
LU T ad d re sse s  read fro m  D R A M , is a ls o  used  to  lo o k u p  th e  co lo r 
leve l code  in the LU T  d u rin g  the  ac tive  d isp la y  tim e  (bo rd e r and/or 
p ixe l) in  tw o  c irc u m s ta n c e s :

1. O u ts id e  th e  2 5 6  x  210 g ra p h ic s  a re a  i.e to  g e n e ra te  th e  
b o rd e r co lo r. N o te  th a t p ro g ra m s  lo a d in g  th e  LU T  d u r in g  the  
ve rtica l b la n k in g  in te rva l (VB I) m u st res to re  th e  ad d re ss  o f the 
b o rd e r c o lo r  in th e  LU T in to  th e  L U T  A d d re s s  R e g is te r p r io r 
to  u n b la n k in g .

2. W ith in  th e  256  x  210 g ra p h ic s  a re a  w h e n  th e  LS b it =  0  in 
the  S w itc h  R eg ister.

M o d e  2  —  L U T  D a ta

In M o de  2, LU T  d a ta  ( i.e ., c o lo r  le v e ls  a n d  tra n s p a re n t s ta te ) 
w r itte n  to , o r rea d  fro m , re g is te r  a d d re s s  3 (A 1 = 1 . AO = 1) 
is  lo a d e d  in to , o r rea d  fro m  th e  L U T  a t th e  L U T  a d d re ss  c o n ­
ta in e d  in  th e  L U T  A d d re s s  R e g is te r. O n ly  th e  s e c to n  (R, G. B 
a n d /o r  X P A R  co d e s ) o f th e  L U T  e n try  e n a b le d  by  b its  7-4  in the  
L U T  A d d re s s  R e g is te r a re  a c c e s s e d . N o rm a lly  o n ly  o n e  e n a b le  
b it at a tim e  is s e t to  a 1. D u rin g  a w r ite , d a ta  w ill be w ritte n  
in to  e a ch  L U T  s e c t io n  e n a b le d . D u r in g  a re a d , a m b ig u o u s  da ta  
w ill be  a c ce ss e d  if  m o re  th a n  o n e  e n a b le  b it is  se t

T he tra n sp a re n t s la te  (XPAR ) is  o n ly  o n e  b it (D3). T h e  o th e r th ree  
d a ta  b its  (D 2 -D 0 ) a re  d o n 't  c a re .

D u rin g  a w rite , th e  d a ta  o n  th e  A /D  bu s  is  w r it te n  in to  th e  C V D G  
LU T  D ata R eg is te r. T h e  L U T  A d d re s s  G e n e ra to r la tch es  the 4-bit 
L U T  a d d re ss  fro m  th e  L U T  D a ta  R e g is le r  ra th e r  th a n  fro m  the  
V id e o  S h ift R e g is te r. T h e  L U T  A d d re s s  G e n e ra to r  th en  
g e n e ra te s  th e  16 -b it b in a ry  a d d re s s  fo r ro u tin g  to  th e  LU T . T h e  
L U T  is lo a d e d  in  a s im ila r  m a n n e r as d e s c r ib e d  fo r  p ix e l c o lo r
g e n e ra tio n .

D u rin g  a read , da ta  is t ra n s fe rre d  fro m  th e  LU T  d re c t’y to  th« 
A /D  bus w ith o u t g o in g  th ro u g h  th e  L U T  D a -a R eg  s"e r XPAR ,  
no t ava ila b e  fo r re a d b a c k

B it P os ition
R eg ister A1 AO R/W 7 6 5 4 3 2 i  T 1

LOT Data' 1 1 R/W - -  j -  1 -  D3 22 21 DCl
'D uring  a read, daia is transferred directly  from LUT to A .t) s u j 
w ithout going through LUT Data R egister

D R 7 -D R 4  N o t used  (n o  e ffe c t)

D R 3 -D R 0  C o lo r Level C o d e  o r  T ra n s p a re n t B it S ta te

D3 D2 D l DO R , G  o r  B C o lo r  O u tp u t Level
0 0 0 0 C o lo r ou tpu l level 0
0 0 0 1 C o lo r ou tpu l level 1

1 1 1 C o lo r o u tpu t level 15

D3 D2 D l DO X P A R  O u tp u t  Level
0 X X X X P A R  o utpu t LOW
1 X X X X P A R  o u tp u l H IG H

(X  =  n o  e ffe c t)

M o d e  3  —  S w itc h  R e g is t e r

In M ode  3, sw itch  po s itio n  d a ta  ( re p re s e n te d  b y  bit s ta tes) w ritten 
to  re g is te r a d d re ss  3  (A1 =  1 .A 0  =  1) is  lo a d e d  in to  th e  CVDG 
S w itc h  R e g is te r. T h re e  b its  c o n tro l v id e o  ra s te r  o p e ra tio n , one 
b it c o n tro ls  the  L U T  a d d re s s  a c c e s s  s o u rc e , a n d  one  b it enables 
th e  C V D G  te s t m o de . A ll f iv e  b its  a re  s e t to  a 1 b y  p o w e r up

B it P o s itio n
R eg ister A1 AO R/W 7 6 5 | 4 3 2 | 1 | 0 j

Switch 1 1 W NHS S21 m X -< r~ in t s t ' - ! -  i - 1

D R 7  N o rm a l H o rizo n ta l S y n c  (N H S ) S e le c t
0 E a rly  15.9 kH z  (H S Y N C ) O u tp u t
1 N o rm a l 15 .7  k H z  H S Y N C  O u tp u t

D R 6 2:1 In te r la c e  S e le c t (S 2 1 )
0  1:1 in te rla c e
1 2:1 in te rla c e

D R 5 E x te rn a l S y n c  S e le c t  (E X T )
0 In te rn a l s y n c  o u tp u t o n  V S Y N C  (C /H S Y N C  o u tpu t

e n a b le d . ________ __  _____
1 E x te rn a l syn c  in p u t o n  V S Y N C  (C /H S Y N C  o u tp u l 

d isa b le d )

D R 4 L U T  A d d res s  S e le c t (L S )
0 S e le c t the  L U T  A d d re s s  R e g is te r  as th e  L U T  a d d re ss  

so u rc e
1 S e le c t V id e o  S h ift R e g is te r  d a ta  as  L U T  a d d re s s  source

D R 3 T e s t M o d e S e le c t (T S T )
0 N o rm a l m o de ; V e r t ic a l s ta te  m a c h in e  (V S M ) an d  Y 

a d d re ss  c o u n te r (Y A C ) ru n  a t n o rm a l ra te
1 T e s t m o de : V S M  a n d  V A C  ru n  at 1 .413  M H z  (u se d  for 

fa c to ry  te s t on ly )
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M o d e  4  —  Y  S c r o l l  R e g is te r

In M ode  4, a Y s c ro ll o f fs e t v a lu e  w r it te n  to  re g is te r ad d re ss  3 
(A1 = 1. AO =  1) is loaded  in to  th e  Y S c ro ll R eg is te r The Y scro ll 
offset m ay  va ry  fro m  0 to  20 9  (de c im a l) T h e  va lue  w ritten  defines 
the firs t h o r iz o n ta l ro w  to  b e  d is p la y e d  a t th e  to p  o f the
256 x  210  g ra p h ic s  im a g e  a re a

■ B it P os ition
R e g is te r A1 A0 R/W 7 6 5 4 3 2 1 0

Y Scroll 1 1 W Y7 Y6 Y5 Y4 Y3 Y2 Y l Y0

D R 7 -D R 0  Y S c ro ll O ffs e t

0000000  O ffs e t =  0
0000001 O ffs e t =  1

11010001 O ffs e t =  20 9  (m a x im u m  a llo w e d )

M o d e  5  —  T e le te x t  D M A  P o in te r

In M ode 5 , an 8 -b it T e le te x t p o in te r w r.tte n  to  re g  s te r ad dre ss  2 
(A1 = 1, A 0  =  0) is lo a d e d  in to  th e  T T X  P o in te r R e g is te r and 
C ounter. T h e  p o in te r , c o n s is t in g  o f a d d re s s  b its  A 1 2 -A 5  
specifies th e  s ta rtin g  ad d re ss  on a 3 2 -b y te  b o u n d a ry  fo r the DM A 
transfer o f te le te x t d a ta  in to  v id e o  p a g e  3  o f D R A M  D urin g  a 
te letext D M A  d a ta  tra n s fe r , th e  M o d u lo  3 2  T e le te x t C o u n te r is 
in c re m en ted  by  o n e  u p o n  e a ch  D M A  b y te  tra n s fe r  T h e  TTX  
Pointer R e g is te r is in c re m e n te d  by on e  e v e ry  3 2  bytes. The va lue
ol the T e le te x t P o in te r c a n  be re a d  a t a n y  t im e  in M o de  5.

B it P os ition
R egister A1 A0 R'W 7 6 5 | 4

3 .. 2 |  1 0

Teletext Pointer 1 0 R/W A12 A l l A10 A9 AS ; A7 j A6 A5

The s ta tu s  o f th e  P, V 1 a n d  V 0  in th e  M o d e /S ta tu S  R e g is te r a re  
unchanged d u r in g  a T e le te x t D M A  d a ta  tra n s fe r

Mode 6  —  S et D R A M  P a g e

In M ode 6 , d a ta  w r it te n  to  re g is te r a d d re s s  3  (A 1 =  1 . A0  = 1) 
is loaded in to  th e  D R A M  P ag e  R e g is te r . T h e  d a ta  co n ta in s  a 
3-bit D R A M  p a g e  s e le c t c o d e  an d  fiv e  u n u s e d  b ;ts (d o n 't care). 
These D R A M  p a g e  s e le c t b its  s p e c ify  th e  8 k -b y te  D R A M  page 
accessed d u r in g  a M P U  D R A M  acce ss  (D R C S  -  tow) w hen A13 
input is LO W . T h e  D R A M  p a g e  b its  ca n  b e  rea d  fro m  th e  S ta tus 
R egister at a n y  tim e .

B it P os ition
Register A1 A0 R'W 7 6 5 4 3 | 2 i 1 ! 0 ]

ORAM Page 1 1 W

o>>C
L1

D R 7 -D R 3  N o t U sed  (n o  e ffe c t)

D R 2 -D R 0  S e le c te d  D R A M  Page

D R2 DR1 D R 0
(P) ( V I ) (V 0)

0 0 0 V id e o  P age  0 8 k-b y te  v id e o  R AM
0 0 1 V id e o  P age 1 8 k-b y te  v id e o  R a v
0 1 0 V id e o  P age  2 8 k -b y le  v id e o  R A V
0 1 1 V id e o  P age  3 2 .3 k -b y te  v id e o  R A M

5 .9 k -b y te  p ro g ra m  R A M
1 0 0 P rog ram  Page 0: 16k-byte  o p tio n a l p.-og-a

R AM  accessed v ia D R C S  (a d d n o a a 1, paged 
by  A 13  an d  A 0  in p u ts )

M P U  D R A M  I /O  A C C E S S

W h e n  D R C S  is LO W , th e  M P U  d ire c tly  a c c e s s e s  th e  D R A M  in 
an  a d d re s s  m a p  m a n n e r. T h e  M P U  g e n e ra te s  th e  D R A M  row  
and c o lu m n  a d d re s s e s  (e x ce p t fo r tw o  c o lu m n  a d d re s s  lines  
w h ic h  a re  d r iv e n  b y  th e  C V D G ). T h e  C V D G  d r iv e s  th e  A D 5  and 
A D 6 lin e s  d u r in g  D R A M  c o lu m n  a d d re s s  tim e  a n d  a lso  o u tp u ts  
c o n tro l s ig n a ls  (R T IM E , C T IM E  and  D T IM E ) to  e n a b le  e x te rn a l 
A /D  bu s  b u ffe rs . M P U  a d d re ss  line  A 1 -A 8  a re  e n a b le d  o n to  A /D  
bu s  lin e s  A D 0 -A D 7 , re s p e c tive ly , by R T IM E  to  d r iv e  th e  D R A M  
row  a d d re ss . M P U  a d d re s s  lin e  A 9 -A 1 2  a re  e n a b le d  o n to  A /D  
bu s  lin e s  A D 1- A D 4 , re s p e c tiv e ly , by C T IM E  to  d r iv e  th e  D R A M  
c o lu m n  a d d re s s . T h e  C V D G  d rive s  A D 5  a n d  A D 6 w ith  o n e  o f 
tw o  se ts  o f s ig n a ls  d u r ing  C T IM E. E x te rn a l b id ire c tio n a l d a ta  line 
b u ffe rs  a re  e n a b le d  by  D T IM E  in  th e  d ire c tio n  c o n tro lle d  by  the 
M PU  R /W  o u tp u t to  tra n s fe r d a ta  b e tw e e n  th e  M P U  d a ta  bus 
lin e s  D 0 -D 7  a n d  A /D  b u s  lin e s  A D 0 -A D 7 .

A 13  in p u t h ig h  c a u s e s  p ro g ra m  D R A M  to  be  a c c e s s e d  d u r in g  
th e  p ro c e s s o r p o rtio n  o f th e  A /D  bus in d e p e n d e n t o f th e  P bit 
va lue  in  th e  D R A M  P age  R eg is te r C A S P  is a sse rte d  in  response 
to  th e  A 1 3  H IG H  to  s tro b e  th e  c o lu m n  a d d re s s  lin e s  in to  p r o  
g ra m  D R A M .

W he n  A 13  in p u t is  LO W . the section  o f D R A M  a cce ssed  de pe nds  
o n  th e  P b it v a lu e  in  th e  D R A M  P age  R e g is te r a n d  th e  A 0  in pu t 
If P =  0 , v id e o  D R A M  is  a c ce sse d ; C A S T  is g e n e ra te d  w h e n  
A 0  is L O W  a n d  C A S 2  is g e n e ra te d  w h e n  A 0  is  H IG H . If P =  1 . 
p ro g ra m  D R A M  is a c ce s s e d  s in c e  C A S P  is g e n e ra te d  in s te a d  
o f C A S 1 o r  C A S 2  to  s tro b e  th e  D R A M  c o lu m n  ad d re ss .

T h e  A D 5 a n d  A D 6 o u tp u ts  are driven  by th e  C V D G  d u rin g  D R A M  
c o lu m n  a d d re s s  g e n e ra tio n  in  th e  p ro c e s s o r p o r t io n  o f th e  A /D  
bus c yc le  as c o n tro lle d  by  the  P b it in th e  D R A M  P ag e  R eg is te r. 
If v id e o  D R A M  is s e le c te d  (P  =  0), th e  V 0 and  V1 b its  in the 
D R A M  P ag e  R e g is te r a re  o u tp u t on  A D 5  an d  A D 6 . re s p e c tive ly  
If p ro g ra m  D R A M  is s e le c te d  (P = 1), th e  A 0  a n d  A 13  in p u ts  
a re  o u tp u t o n  A D 5  a n d  A D 6 , re s p e c tive ly .

N ote th a t th e  D R A M  req u ire s  assertion  o f all th ree  co n tro l s igna ls  
fo r a v a lid  a c c e s s  (i.e ., R A S , C A S  an d  O E  fo r a  re a d  and  R AS, 
C A S  a n d  W  fo r  a w rite ). T h e  C V D G  s o m e tim e s  o u tp u ts  o n e  or 
tw o  o f th e s e  s ig n a ls  b u t no t a ll th re e  c o n tro l s ig n a ls  in  " n o  
a c c e s s "  s itu a tio n s
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T E L E T E X T  D M A  I /O  A C C E S S

T e le te x t d a ta  c a n  be  D M A  tra n s fe rre d  fro m  a te le te x t p re fix  
p ro c e s s o r c o n n e c te d  to  th e  A /D  b u s  to  D R A M  lo c a tio n s  
ad d re ssed  by  th e  C V D G  A 13-bit TTX L a tc h /C o u n te r  d e te rm in e s  
th e  D R A M  a d d re s s  T h e  u p p e r 8 -b its  o f  th e  T T X  C o u n te r  is  a 
la tc h . T h e  v a lu e  o f th e  la tch  is d e fin e d  b y  th e  T T X  P o in te r 
R e g is te r  w h ic h  c a n  be  lo a d e d  in M o d e  5 b y  w r it in g  to  re g is te r  
a d d re ss  2 (A 1 =  1 and AO = 0 ) .  The T T X  P o in te r  R e g is te r va lu e  
th e re fo re  d e fin e s  th e  T T X  D M A  s ta r t in g  a d d re s s  o n  a  3 2 -b y te  
b o u n d a ry . T h e  lo w e r 5 -b its  o f th e  T T X  L a tc h /C o u n te r  is  a 
m o d u lo  3 2  c o u n te r . T h is  c o u n te r  in c re m e n ts  b y  o n e  a f te r  e a ch  
T T X  b y te  tra n s fe r. W h e n  the co u n te r o v e rflo w s  (i.e ., fro m  31 to  0)

th e  u p p e r count -s " ic re ~ e " 'e d  S j o r-e r>c *e —•=“  t i e  z ' t
a d d re s s  T h e  ad d re ss  s re s e - • ;  z e -c  z o — a
m g T h e  u p p e r co u n t m ay  Be -s a c  ‘ ~ v ~  ' “ -e e-- r-e-
at an y  tim e  in  M o d e  5

T T X  D M A  tra n s 'e r  >s , r  • r z z  z ■ a  n '  - z , = z Z  : 
C V D G . T h e  C V D G  a s s e rts  T T X  O u tp - *  E r a :  r  ;
a c k n o w le d g e  T T X R E Q  re c e  pt s u s p e -s s  o ^ - ; . '  - t  E = - :  
Q  c lo c k s  lo r  o n e  c yc le , o u tp u ts  th e  13 -b it D P A M  a : :  i ; s ; ■: 
a s s e rts  D R A M  W rite  E n a b le  (W ) to  e n a b le  w r it in g  m»c C z -

N o te  th a t D M A  m u st be  u se d  o n ly  w h e n  th e  h o r  z o ' - j  s . - ;  ; 
g e n lo c k e d  to  th e  e x te rn a l te le te x t ra s te r

2-98



R 6 5 4 9 C o lo r  V id e o  D isp la y  G e n e ra to r  (C V D G )

MPU ADDRESS BUS INPUT-------------------------------------------------► -* ---------MPU DATA BUS 1 O -

RTIME

CTIME

74LS245DTIME

R6549
CVDG

4416

(VJJL)
CASi

(VIDEO)

CAS2
(VIDEO) 4416

(V 2 H )
___

CASP
(PGM) P A G E

BIT

PAGE
B ll

RASL
RASH

NOTES 1- CASP a llo w s  m em o ry  m anagem ent o t many program  RAM pages In 16K -by te  b locks  
(TM S4416-120 RAM d e v ice s  may be required to r extended A/D bus).

2. Page b its  may com e fro m  address decoder or s ta tic  o u tp u ts  o f a pa ra lle l po rt.

OPTIONAL

F ig u re  6 . C V D G  C o n n ectio n  to  A /D  Bus an d  D R A M
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F ig u re  7. C V D G  A p p lic a t io n  S c h e m a tic  (T y p ic a l)  (S h e e t 1 of 2)
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R6549 C o lor  V ideo  Display G enerator (CVDG)

! £ ‘

F ig u re  7 . C VD G  A p p lic a t io n  S c h e m a t ic  (T y p ic a l)  (S h e e t 2 of 2)
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R 6 5 4 9 C o lo r  V id e o  D isp lay  G e n e ra to r  (CVDG)

AC C H A R A C T E R IS T IC S
(VCC = 5 0V  ± 5 % . V ss  = 0)

M P U  C L O C K  A N D  C O N T R O L  L IN E  T IM IN G

Ret. Fig. 8

---------- j----------
*1

No. Sym bol Param eter Min. Typ. Max. U nit Notes

1 *EOC E Cycle Time 700 698 ns 1

2 1,. It E and Q Rise and Fall 25 ns

3 >EI.EH E Low to E High 350 ns
4 ' ehel E High to E Low 350 ns

5 'eloh E Low to 0  Rising 175 ns

6 'OHEM 0  High to E Rising 175 ns

7 *6HOL E H igh to Q Falling 175 ns

8 ’oiEL Q Low to E Falling 175 ns

9 !sleh Chip Select Low to  E R ising (Setup) 70 ns

10 lSHEH Chip Select H igh to E R ising (Hold) 0 ns
11 •ehov E High to Data Valid (Read) 240 ns
12 *EL02 E Low to Output H igh Z (Read) 10 ns

13 'ovE l Data Valid to E Falling (Write) 100 ns
14 ’ElDZ E Falling to Dala Invalid (Write) 30 ns

Note:
1 Based on 28 636363 MHz SYSCLK input.
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R 6 5 4 9 C o lo r  V id e o  D isp lay  G e n e ra to r  (C V D G )

- ©

= ®

- © -
- © ■

© - ►

AO, A1. A13 
IOCS, DRCS

R/W

AD0-AD 7
(READ)

AD0-AD7
(WRITE)

(IOCS = L,R /W  =  H) 

(I5C S  = L.R /W  = L)

© - ►
© -

READ

- O -

X
- ®

©

CVDG DATA 
VALID-READ

CVDG DATA 
VALID-W RITE

F ig u re  8 C V D O -M P U  A /D  B u s  T im in g  W a v e fo rm s
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R 6 5 4 9 C o lo r  V id e o  D isp lay  G e n e ra to r  (CVDG)

D R A M  T IM IN G  -  V ID E O  A C C E S S  C Y C L E

Ref Fig. 9 

NO- S ym bo l Param eter Min Typ M a i Notes |
1 •hlbtl RAS Low to RTIME Low (Delay) 315 ' " ' " I

2 ' rtlrTh RTIME Low 10 RTIME H.gh 70 ns
3 ffllXT l RAS Low to CTIME Low (Delayl 35 ns
4 tCTLCTH CTIME Low to CTIME H.gh I 87 ns
5 ' ridtl RAS Low to DTIME Low (Delay) 122 ns
6 'OTlDTh DTIME Low to  DTIME H.gh 157 ns
7 ' rc RAM R eaaW nte Cycle 350
6 lap RAS H.gh W idth 105 ns
9 ' has RAS Low Width 245 ns

10 Ircd RAS Low to CAS Low (Delay) 70 ns
11 *CAS CAS Low WKjth 245 ns
12 !csh RAS Low to CAS R.smg (Delay) 315 ns
13 IrSH CAS Low to RAS Rising (Delay) 175 ns
14 1CPN CAS High Width 105 ns
15 1CRP CAS High to RAS Falling (Delay) 35 ns
16 t, RAS an3 CAS Transition Tim es 5 ns
17 ■rcs Read Com mand Setup 105 ns
18 •asr Row Aaa-ess Setup 35 ns
19 ' rah Row Address Hold 35 ns
20 Use Column Address Setup - 35 ns
21 'CAH Column Address Hold 70 ns
22 ' ar RAS low  to Column Hold 140 ns
23 ' rac RAS Low to Data Valid (Setup) 150 ns
24 *CAC CAS Low to Data Valid (Selup) 80 ns
25 ' ri.q il RAS Low to O E l Low (Delay) 140 ns
26 *GLGmi OE Low to OE High 70 ns
27 lOEA OE Low to Data Valid (Setup) 0 40 ns
28 'OEZ OE H gh to Output H igh Z (Hold) 0 35 ns
29 *RLG2L RAS Low to OE2 Low (Delay) 210 ns

D R A M  T IM IN G  —  M P U  D R A M  A C C E S S  C Y C L E

Ref. Fig. 9 
No. S ym bo l P aram eter Min. Typ. Max. U nit

I
Notes

30 lRRH Read Com mand Hold A lte r RAS High 280 ns
31 *RCH Read Command Hold A fter CAS High 210 ns
33 IGIGH OET OE2 Low to OEM. OE2 H igh 140 ns
36 b s Data Setup 12 ns
37 tw p W Low to W High 140 ns
38 lDH Data Hold After W Low 70 ns
39 l DHC Data HokJ After CAS Low 175 ns
40 *DHR Data Hold After RAS Low 245 ns
41 *WCR W rite Command Hold A fte r RAS Low 315 ns
42 twCH W rite Command Hold A lte r CASP Low 245 ns
43 *RWl W rite Command Setup before RAS Rising 70 ns
44 ^CWl W rite Command Setup before CAS Rising 140 ns -
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R 6 5 4 9 C o lo r  V id e o  D isp lay  G e n e ra to r  (C V D G )

■ v

RTIME

CTIME

DTIME

RASL
RASH

- o

______ f

k - < T ) -

p - © - t. RASL AND 
RASH

(16)

CAS1
C AS2
CASP

W
(MPU READ)

AD 0-AD 7 
(MPU READ)

© HJ
+ © -

■ * - ©

CAS1 AND 
'C A S 2

© ^

RASL 
* AND/OR RASH

^  S H 0 > f— H /

x z ^ j < z z t e z > <■ w
VIDEO 

ROW ADDR

OEI

OE2

Z T

© 0 ^  
- 0— ►

v

VIDEO 
COL ADDR

VIDEO 
DATA 1

VIDEO 
DATA 2

- * 0 * -
- H g )

(27)
<29>

I J
( & * -

W
(MPU WRITE)

A D 0-AD 7 
(MPU WRITE)

* T "  © -------- *1

a __________ r
— © -

(15)

“ 0

x t

CASV
C AS2. OR - * ----- ( u V
CASP f

X
/R O W A D D R  

COL ADDR/

-- ------- ©

DATA
'  v a u d - r e a :

>

33>
WRITE
READ

J

W RITE

2E

- 0 -

• (« >
READ

\

DATA
VALID-WRITE

< § K

DC

— 0 —  
- « - 0 - » -

- 0-

F ig u re  9. C V D G -D R A M  A /D  B u s  T im in g  W a v e fo rm s
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R 6549 Color V ideo  D isplay G enera to r (CVDG)

T E L E T E X T  D M A  C Y C L E  T I M IN G

Ref. Fig. 10 
No. Sym bo l Param eter Min. Typ. Max. U n it N g tts

1 Ip lE l TTXREQ Low to E Low (Setup) 80 r.S
2 ttlRH E Low to TTXREQ High (Hold) 10 ns
3 >ELGL E Low to TTXOE Low 595 ns
4 Iqlgh TTXOE Low 10 TTXOE High 140 -s

NORMAL CYCLE TTX DMA CYCLE NORMAL CYCLE

F ig u re  10 T e le te x t  P re f ix  P ro c e s s o r  —  C V D G  T im in g  W a v e fo rm s

H O R I Z O N T A L  V I D E O  T I M IN G

Ref. Fig. 11 
No. S ym bo l Param eter M in. Typ. Max. U nit Notes

1 H Sync to Setup 9 3 9 4 9 5 1

2 H From  Porch 1.4 1.5 1 6 1

3 H Sync to XPAR — 10.16 — 2

4 XPAR Front Porch — 2.79 — nS 2

5 H Sync to Border 1 — 8 38 — mS 2

6 H Sync 1o G raphics — 12.57 — M S 2

7 H Sync to Border 2 — 57 27 — 2

8 Border Front Porch — 2 79 — *.s 2

9 H Sync Tip — 4 81 — >'S 2

10 H Penod (Normal) — 63 556 — <.s 2

11 H Period (Early) — 62 857 — mS 2

Notes: i ,  RS-170A Specification (shown for reference only) 
_____ 2 tO . V s . based on 28 636363 MHz SYSCLK input
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R6549 C o lo r  V id e o  D isp lay  G e n e ra to r  (C V D G )

EXTERNAL
VIDEO
REFERENCE

F ig u re  11 . H o rizo n ta l V id e o  O u tp u t T im in g  W a v e lo rm s
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R 6 5 4 9 C o lo r  V id e o  D isp lay  G e n e ra to r  (CVDG)

V e r t ic a l C y c le  T im in g

Ref. F ig . 12 
No. Sym bol Param eter M in. Typ Max U nit Notes

1 V5U VSYNC Low Input to First Serration Setup 20 — 3
2 VH VSYNC Low Input Pulse Duralion 63 5 — — *5 3

--- VSYNC Low O utpul Pulse Duration (Burst Blank) 19 — — H 1

--- V Blank Duration 52 - —
— V Unblank lo Graphics Duration (Top Border) 21 — M
— Graphics lo V Blank Duration (Bottom Border) 31 | — — H 1 2

N otes: 1. H = HSYNC pulse w idth (63.5 ^s)
2 2:1 interlace mode
3. Shown (or reference only— not an R6549 requirem ent

EXTERNAL
SYNC
REFERENCE
(FROM
EXTERNAL
CIRCUIT)

VSYNC INPUT

««--------- H -----------►

II II 1

— — ►

•  •  •

a. V ertica l S y n ch ro n iza tio n

CSYNC
OUTPUT

BLACK NEGATIVE 
DIRECTION T IM E -

^ru- rrryinnjuuuuijn^
|— H • I -  ■■ 3H ------------------------------------------------------------4 -3 H  +  3H -

EQUALIZING PULSE VERT SYNC 
INTERVAL PULSE

| INTERVAL 
— j  | - 0 .5 H  |^ 'T 1  + V

EQUALIZING
PULSE

INTERVAL
9 TO 12 H PU LSES-

f - H - ]nrinrinnnnjuuuuuir in rn n n rn n r
b. RS-170A C om pos ite  S ync VBI T im in g  S pe c ifica tions

F ig u re  12. V e rtic a l C y c le  W a v e fo rm s — 2:1 In te r la c e
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R 6 549 C o lo r  V id e o  D isp lay  G e n e ra to r  (CVDG )

T E L E T E X T  D M A  C Y C L E  T IM IN G

^  Ref Fig 13 
NO. Sym bol Param eter M in. Typ Max. U nit Notes

1 ' el Pl E Low to PIXCK High 0 ns
2 'PHPI PIXCK High to PIXCK Low 70 ns

3 <PLPH PIXCK Low to PIXCK High 105 ns
4 tpcvc PIXCK Cycle 175 ns

F ig u re  13. V id e o  O u tp u t  W a v e fo rm s
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R 65 49  Color V ideo Display Generator (CVDGi

D C  C H A R A C T E R IS T IC S
(V c c  =  5 0V  + 5 % . V gs = 0 V ' t a  =  0 °C  to  70 °C . un le ss  o th e rw is e  n o ted )

Param eter Sym bol M in. Typ M a i Um i T«*I C o ^ c i - ^
Input High Voltage 

SYSCLK v,„c VCC -  0 75 Vcc
V

IOCS, DRCS. TTXREQ, A0, A 1. A13, R/W, V|H VSS + 2 0 v cc
VSYNC. AD0-AD7

Input Low Voltage V "
SYSCLK v i l c Vss -  0.3 — Vss + 0.4
IOCS, DRCS, TTXREQ, AO, A1 . A13, R/W V,L Vss -  0 3 — Vss + 0 8
VSYNC. AD0-AD7

Input Leakage Current V —
_

±10 (i A V s -  0 V so 5 2SYH 
Vcc -  0

O utput High Voltage Voh V VCC = < 75V
E VCC -  0 7 5 --- — l0 „  *  - 0  14 - A  ■ 

Note 1

O, RTIME. CTIME. DTIME. Vss + 2 4 — — lOM « -  90 .A
RASL, RASH, W
CAS1. CAS2, CASP. 0E 1 , OE2. TTXOE.

Noie 2

C/HSYNC, VSYNC, CSUBC, PIXCK, XPAR
AD 0-AD 7 VSS + 2.4 — — Iqh = -  170 ^A 

Note 3
O utput Low Voltage • Vql V Vcc = 4 75V

E — --- V ss + 0.4 Iq  ̂ — 1,7 mA 
Note 1

Q. RTIME. CTIME, DTIME, — — Vss + 0.4 l0L = 1 6 mA
RASL, RASH, W,
CAS1. CAS2. CASP, O E l, OE2. TTXOE.

Note 2

C /HSYNC. VSYNC. CSUBC. PIXCK, XPAR
A D 0-AD 7 — --- VS5 + 0 4 'o i *  3 0 mA 

Note 3
O utput Leakage Current
(Off-State) b r r — — ±20 *A V s -  0 to 5 25V

A D 0-AD 7
O utput High Voltage Vvh - ♦ 2 800 V C.„ = 30 pF

R. G. B R._ « 10K O h r r - s  

t,/1, = 50 n s

O utpu l Low Voltage Vvl - + 1 675 — V
R. G. B

O utput B lanking Voltage VvB - ♦ 1 800 - V
R, G. B

Input C apacilance4 C|N pF Vcc “  5 °V. C h ip

SYSCLK — — 10 deselected, pin
IOCS. DRCS. TTXREQ. A0. A 1, A13, R/W. — — 5 Under test at OV,
VSYNC, AD0-AD7 T * = 25°C. 

f = 0.986 MH2 

(SYSCLK 
= 28 6363 MHz)

Notes:
1 O utput Load: 1 TTL gate; CL = 140 pF
2 O utput Load 1 TTL gate: C L = 100 pF
3- O utput Load: 6 DRAM. 2 LS244 bulters and 1 LS245 transceiver. C L = 180 pF
4 This parameter is periodically sampled and is nol 100% tested
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R 6 5 4 9 C o lo r  V id e o  D isp lay G e n e ra to r  (C VD G )

a b s o l u t e  m a x i m u m  r a t i n g s *
Param eter Sym bol ' Value U nit

" “supply Voltage < O o - 0  3 10 + 7 0 V

input Voltages V1N - 0  3 to + 7 .0 V

O perating  Temperature T* 0 to + 70 •C

Storage Temperature t stg - 5 5  to + 150 •C

’ N O T E : Stresses above those listed under Absolute M a x im u m  
Ratings m ay cause perm anent dam age to  the <Je. :e  This is 
a stress ra t in g  on ly  and functional operation of the d e *-ce  at 
these o r any o th e r conditions above those indicated in th-e o?he' 
sections of th is  docum ent is not implied E xp o su re  to absolute  
m axim um  ra tin g  conditions for extended periods r-.a , a“ e c  
d e v ice  re lia b ility .

PACKAGE d i m e n s i o n s

4 0 - p i n  p l a s t i c  d i p
i_DIM

MILLIMETERS INCHES
MIN MAX MIN MAX

H a 51.28 52 32 2.040 2.060
B 13.72 14.22 0.540 0.560
C 3.55 5.08 0.140 0.200

D 0 36 0.51 0.014 0.020

F 1.02 1 52 0.040 0 060
G 2 54 BSC 0.100 BSC
H 1 65 2.16 0.065 0 085

I J 0.20 0 3 0 0.008 0.012

K 3.05 I-  3.56 0 120 0.140
L 15 24 BSC 0.600 BSC
M 7° 10° 7° 10«
N 0.51 1.02 0.020 0.040
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