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T a r g e t  S p e c i f i c a t i o n  f o r  I n t e l l i v i s i o n  I I I  F e a t u r e  L i s t  

O b j e c t i v e s :  
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C o l o r  to C h a n g e  a t  F i e l d  R a t e  

S o u n d  C h i p  o n  C P U  

M o r e  F r e q  R a n g e  o n  S o u n d  7  

V o i c e  C a p a b i l i t y  

R H C  R e c e i v e r  D e c o d e r  o n  C P U  -  a  

C o m p a t i b i l i t y  to " O l d  C a r t r i d g e s  

S y s t e m  U p g r a d a b l e  

0  1 6  C o l o r s  -  4 / C a r d  

0  8  M o v i n g  O b j e c t s / L i n e  U p  to 1 6  P i x e l s  W i d e  

i n  2  C o l o r s  o r  8  P i x e l s  W i d e  i n  4  C o l o r s  

R e v e r s i b l e  O b j e c t s  ( G o a l )  

2 0  X  2 4  C a r d s  ( G r a p h i c s )  40  X  2 4  ( G o a l )  

4 0  X  2 4  A l p h a n u m e r i c s  

F r a m e  P o i n t e r  

R e s o l u t i o n  3 2 0  X  1 9 2  o r  B e t t e r  T h a n  

I n t e 1 1 i v i s i o n  ( B a c k g r o u n d  &  M o v i n g  O b j e c t s )  

E x t e r n a l  V i d e o  O v e r l a y  C a p a b i l i t y    

2  X  C P U  
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S c o p e  

T h i s  d o c u m e n t  d e s c r i b e s  a  s e c o n d  g e n e r a t i o n  a r c h i t e c t u r e  f o r  
I n t e l l i v i s i o n  I I I .  T h e  d e s i g n  h a s  b e e n  c r e a t e d  to  p r o v i d e  a  
s i g n i f i c a n t  u p g r a d e  to  t h e  S T I C  I  s y s t e m  ( 4 x )  w h i l e  c l o s e l y  
f o c u s i n g  o n  t h e  r e q u i r e m e n t  o f  d i r e c t  c o m p a t i b i l i t y  w i t h  g a m e  
c a r t r i d g e s  w r i t t e n  to  o p e r a t e  o n  t h e  e a r l i e r  s y s t e m .  

T h e  t e x t  p r o v i d e s  a n  o v e r v i e w  o f  t h e  s y s t e m  s t r u c t u r e  a n d  . c o n   
n e c t i v i t y  o f  t h e  i n t e g r a t e d  c i r c u i t s .  T h e  i n d i v i d u a l  d e v i c e s  
a r e  a l s o  d e s c r i b e d  i n c l u d i n g  t h e  p e r f o r m a n c e  d e t a i l s  d e s i g n e d  
i n t o  t h i s  s y s t e m .  



System Overview 

To support the enhanced graphics  requirements wh i c h  require  a  minimum 
of two times the bus bandwidth of STIC I  i t  becomes necessary to em 
p loy a  different system architecture .  Add i t i ona l  to a new architecture 
the demand for a more graph ic  data man i p u l a t i o n  forces the add i t i o na l  
need for at least  a  two times increase i n  instruction  throughput for 
the CPU .  

The wider bus bandwidth and the need to support a faster CPU p laces  the 
constraints of faster memory throughout the system. 

To achieve the above and make use of standard RAMs wherever p o s s i b l e ,  
i t  becomes necessary to develop a  system bus structure that w i l l  en  
a b l e  the graphics  dev ice  and the CPU to coprocess w ith  the same memory 
space w ith  each being transparent to the other .  

To enable  the system to have uniformity i n  i t s  bus structure, a l l  de 
v i c e s ,  i . e . ,  ROM, RAM, I / 0 ,  Graph i cs ,  CPU ,  s h a l l  u t i l i z e  ident ica l  
control s i g n a l s ,  and address schemes. 

Uniform ity i s  achieved by emp loying the standard mu lt i p lexed  address 
·  and control used by todays dynamic RAMs.  

Supporting f i r st  generation cartridges i s  ach ieved by u s i n g  the 1 6  b i t  
w ide data bus at  both address and data .  

System Descr ipt ion  

The system i s  composed of three major funct iona l  b l o c k s ,  namely a C P 1 6 1 0 - 2  
microprocessor ,  a ST IC 1 8  graphics  support processor and system memory. 
The architecture has been opt im ized  to perm i t  transparent coprocess ing 
operation of the system memory w h i l e  p r ov i d i n g  a  very h i g h  v i deo  data 
bandwidth .  To support t h i s  arch itecture the CPU bus u t i l i z a t i o n  cyc les 
are carefu l ly interleaved w i t h  the synchronous operation of the v ideo 
c h i p .  

The system c l o c k  operates at 3 . 5 6  and a l l  bus operat ions  are re l ated to 
an e i g h t  cycle  sequence wh ich  corresponds to e ight  screen p i x e l s  drawn 
per 2 . 2u second s .  W i t h i n  these e i g h t  cyc les  the CPU uses a  p a ir  of cyc les  
to access  the 1 6  b i t  memory bus every 2 . 2 u s e c .  Dur ing  the hor i zonta l  re 
trace period of act ive  p icture the CPU i s  d i s a b l e d .  During a l l  other 
periods the CPU i s  act ive .  The rema in i ng  s i x  cyc les  from the octet are 
used i n  a  variety of modes to support the graph i c s  image .  The modes are 
l i s t e d  i n  T a b l e .  

The connectiv ity of the system s h a l l  be based upon a s i n g l e  1 6  b i t  bus 
and a separate mu l t i p lexed  address b u s .  The 3 . 5  MHz c loc k  provides a  
1 4  0nsec h a l f  cyc le  period and memory access  cyc les  are contro l l ed  by 
28 Onsec RAS and CAS per iod .  The memory map co n s i s t s  of a s i n g l e  con 
t i nuous  65K word memory space .  T h i s  s i m p l i c i t y  a l l ow s  any memory con 
f i gurat ion  of ROM or RAM to be used 



directly for graphic  character storage and large ROMs may be considered as 
ba s i c  s i l i c o n  v ideo d i s k s .  The complete address space i s  always a v a i l a b l e  
t o  the processor and any des ired  change of c o l o r ,  object pattern, p o s i t i o n  
e t c . ,  may be performed v i a  software at any t ime .  

The system has been des igned to support two d i s t i n c t  operating configurations  
an enhanced m u l t i p l e  c o l o r ,  reusab le  object mode and a s imp l er  STIC I  
( I n t e l l i v i s i o n  I I I )  cartridge compatib le  mode. 

Enhanced Mode 

The IB  system makes very efficient use of dynamic memory structures and 
adopts a pag ing  implementation whenever p o s s i b l e .  T h i s  techn ique ,  for 
example ,  permits  the 32 words of foreground object descr ipt ions  to be 
accessed i n  on ly  34 system cycles  compared to the 64 required by a l ter  
nat ive architectures .  To complement the effic iency of dynamic RAMs i t  
i s  proposed to construct a 1 6  b i t  wide ROM Des ign  wh ich  uses a RAS ,  CAS 
mu lt i p lexed  address configuration  i dent i c a l  to the RAM area .  

The bus configuration of the 1 B  enhanced mode i s  shown i n  F igure l  

I n t e l l i v i s i o n  I I I  Compatib le Mode 

The prov i s i o n  of c ompat i b i l i ty  i s  ach ieved  through the add it ion  of hardware 
on both the CPU and graph ics  c h i p  wh ich  a l l ow s  these dev ices  to modify 
the ir  architecture and bus cyc le sequences to accept program code from a 
current 1 0  b i t  ROM cartridge .  

The operational  character i st ics  and memory map of the system s h a l l  be com 
pat i b l e  w ith  an I n t e l l i v i s i o n  l  imp lementation ,  but the deta i l  system t im i ng  
and l o g i c  imp lementation beyond the cartridge c ompat i b i l i ty  i s  s i g n i f ica nt ly  
different.  

The bus configuration i n  STIC I  compatible mode i s  shown i n  F i gure  2  



C i r c u i t  Descr i pt ions  

cP 1 6 10-2  

The CP 1 6 1 0 - 2  i s  a  1 6  b i t  microprocessor des igned  as a performance upgrade on 
the e ar l i e r  C P 1 6 1 0  series  dev i ce .  Th i s  c i r c u i t  operates i n  a  dual mode 
configuration where one mode provides bus compat i b i l i ty  w ith  1 0  b i t  cartridge 
ROMs designed to operate w ith  a  C P 1 6 1 0 .  In  the compatib le  mode, the device 
supports a mu l t i p l e xed  data/address bus and va l i dates  i t s  control sequence 
on three p i n s  l a b e l l e d  8 C l ,  8 C2 ,  8 0 1 R .  

Th i s  new CPU conta ins  spec if ic  memory map l o g i c  wh i c h  recognizes the memory 
configuration of an I n t e l l i v i s i o n  I I I  system and adjusts i t s  instruction  
t iming  to emulate that system at the cartridge port. 

In  the upgraded mode, the CP 1 6 1 0-2  operates w ith  a  two times speed increase 
and s i g n i f i c a n t ly  modified bus sequences .  The device automatica l ly  re- 
configures to support a separate data and address bus ,  where the address 
i s  i t s e l f  mu l t i p l exed  i n  the RAS,  CAS conf igurat ion  of industry standard 
dynamic RAMS. 

The C P 1 6 1 0 - 2  conta i n s  interrupt ,  OMA and auto refresh c i r c u i try  des igned  to 
support the STIC 1 8  system and to emulate the rea l  time constraints of an 
I n t e l l i v i s i o n  l  u n i t .  

In add it i on  to its  function as a microprocessor ,  the C P 1 6 1 0 - 2  a l s o  conta ins  
a  5  channel aud io  output s i m i l a r  to the 89 14  sound c h i p  used i n  the I n  
t e l l i v i s i o n  1  and a Remote Hand Controller Decode c ircuitry .  

STI C 1 8  

The STIC 1 B  device i s  a  l o g i ca l  extension of STIC I and ST IC IA as used i n  
the I n t e l l i v i s i o n  I  master component. T h i s  new dev ice  provides severa l  
performance enhancements w h i l e  reta i n i n g  the b a s i c  arch itecture of a m u l   
t i p l e  p l a ne ,  background/foreground ph i l o sophy .  

S i m i l a r  to other c i r c u i t s  i n  t h i s  second generation des ign  the STICK IB  c h i p  
i s  a  dua l  mode device  wh ich  conta i n s  s pec if ic  hardware to support emu lat ion  
of I n t e l l i v i s i o n  I  system gr aph i c s .  W h i l e  prov id i ng  a  exact emu lat ion  
c a p a b i l i t y ,  the deta i l ed  l o g i c  implementation and bus sequences are con 
s i derab ly modif ied i n  t h i s  imp lementat ion .  



System ROM 
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T h i s  second generation graph ics  system i s  h i g h l y  optimized on bus u t i l   
i z a t i o n  and general architecture.  To ma i nta i n  the system throughput 
requ ires  a  different philosophy of ROM d e s i g n .  The required change 
organizes the ROM architecture to operate s i m i l a r  to a sect ion of standard 
dynamic RAM. That i s ,  the data bus i s  ma inta ined  separate to a mu l t i p l exed  
address bus ,  and two contro l/c lock  s i g n a l s  are used to access the appro 
priate memory locat ion  wh i t h i n  the c h i p  ,  namely row address select RAS, 
and column address select CAS. 

The t im i ng  of these s i g n a l s  operate on a 280 nanosecond cycle and the expected 
read access time of the ROM should  be 460 nanoseconds for the f irst  RAS, CAS 
sequence and 180  nanoseconds for each subsequent CAS cycle w i th i n  same row 
address .  

The ROM dev i ce  must contain  its  own memory map c ircu itry operating from both 
the mu l t i p l exed  address bus and the two w ire c h i p  enab le  code which  i s  v a l i d  
during the RAS, CAS cyc le .  

The memory organ izat ion  i s  structured on a 1 6  b i t  p ara l l e l  word w i t h  a  8K X 1 6 ,  
thus prov id ing  words i n  the i n i t i a l  vers ion  of the dev ice .  

Section  A 

Shou ld  a  RAS/CAS ROM be not a v a i l a b l e  for production start-up ,  the add i t i on  
of a l atch  w i l l  a l l o w  use of OFF the same ROMS as a back-up p o s i t ion .  

RAM Requirement 

T h i s  system has been des igned  to operate w i th  industry standard dynam ic RAMs. 
A 1 6  b i t  p a r a l l e l  data bus i s  employed and several device conf i gurat ions  are 
p o s s i b l e .  Acceptab le system operation can be ach ieved u s i n g  4K words of 
memory and t h i s  complement would be best achieved by u s i n g  four of 1 6 K  X  8  RAMs .  
As the system i s  extended through fu l l  b i t  map support ,  presentat ion l e ve l  
protocols and personal computer a p p l i c a t i o n s  i t  i s  ant ic ipated  that more 
memory would  be added up to a f u l l  comp lement of 65K words .  

The system operates under a seven b i t  mu l t i p l exed  address bus but an 8/6 
combinat ion  cou l d  be imp lemented i f  memory cost makes that the best a l t e r   
nat ive .  The RAS ,  CAS cyc les operate on a 280 nanosecond cyc le  and memory 
supporting an access time of rough ly 460 nanoseconds i s  requ i red .  

Manual Interface 

The exact connection for hand contro l l er s  has not been comp leted .  I t  i s  assumed 
that a remote control configurat ion  w i l l  be used w i th  commun icat ion  perfonned 
over a ser i a l  b u s .  



Section B  

To a l l o w  for manual hand contro l l e r  i nput  a  TTL mu l t i p lexer  w i t h  m inor  
decoding l o g i c  w i l l  a l l o w  game p l ay  for remote hand c o ntro l l e r  overr ide .  

�  



Background Detai l  
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The ba s i c  d i s p l a y  format s ha l l  support 24 rows of 20 cards (40  cards g o a l )  
w i t h  each card be ing  defined as a matrix of 1 6  X  8  p i x e l s .  To permit f ine  
scrol l  at the p i xe l  d e f i n i t i o n ,  the architecture s h a l l  fetch 25  rows of 41 
cards to provide the fractional edge cards that occur dur ing  most offset 
v a l u e s .  The combination of cards and p ixe l  matrix amounts to a total v i   
s i b l e  reso l ut ion  of 320 horizontal  by 1 9 2  v e r t i c a l .  The p i xe l  rate s h a l l  
be  synchronized to the chroma c lock  and the non inter lace  mode w i l l  nor 
ma l ly  be  used for a game o n ly  d i s p l ay  with i n ter lace  being reserved for 
configurations  where the c h i p  i s  operating sync and phase locked to an 
external video source. 

The d i s p l a y  log ic ,  actua l ly  supports each row of cards independently and i n  
f u l l  operational  mode several control parameters must be passed to the row 
d i s p l ay  l o g i c .  These parameters i n c l u d e  the descriptor l i s t  start address ,  
the desire ,d X and Y offset, the d i s p l a y  operating mode and any co lor  p a l   
lette changes .  

The co l or  pa l lettes  are areas of RAM compr i s i ng  s i x teen ,  twelve b i t  words .  
The desired pa l lette  for each card i s  selected by a three b i t  f i e l d  w ith  
i r  each descriptor .  The twelve b i t  co lor  se lect  code provides four b i t s  
for each of red ,  b lue  and green contro l ,  thus supporting 4096 actual co lor  
va l ues .  

The object pattern array may be pos i t ioned  anywhere i n  the memory address 
space of 65K words i n c l u d i n g  the cartridge ROM or expans ion  RAM space .  



Foreground Detai l  

The s pec i f i c  support of each foreground object s h a l l  be based upon a 
descriptor and control array contained i n  general system memory, a 
v ideo pattern store integrated into the v ideo-ch ip  and the standard 
object pattern array implementation as  shared with the background 
d i s p l ay  l o g i c .  The descriptor and control array s h a l l  comprise four 
1 6  b i t  words wh ich  define p o s i t i o n ,  or ientat ion ,  p r i or i ty ,  interaction 
h istory and object pattern array address .  

The object pattern for foreground objects w i l l  be preaccessed by the 
v ideo c h i p  during the horizontal  retrace period .  Up to TBD words of 
object pattern may be fetched for each object and depending upon co lor  
mode, a foreground object may be e ither  TBD or TBD p i x e l s  w i de .  The 
vertical he ight  i s  control led by a s imp l e  counter and may extend for 
255 1 ines .  

The foreground object l o g i c  i s  automat ica l ly  reusab le  w ith  the v ideo 
c h i p  s imp ly  access ing  the next i nd i v i d ua l  object descriptor and con 
trol array i n  sequence. If  a l l  gjects were min imum he ight ,  i . e . ,  
one l i n e ,  each of the e i g ht  objects cou ld  be reused 1 92  t imes .  The 
reuse feature interrupts the processor at each activation  and records 

- on internal storage the current status of the object stack.  The fore 
ground objects may be randomly used i n  e ither co lor mode e i ther  co lor  
mode e ither i n  a  l i n e  or over the complete frame. 

The object array patterns are accessed by a doub le  i nd irect  sequence 
u s i n g  two po i nters .  The i n i t i a l  memory address and object pos i t ion  
s h a l l  be defined through the descriptor and control array wh i c h  des 
cribe  a  rectangular area where the object may ex i s t .  The second po inter 
offers a re lat ive  offset of how the object pattern may be d i sp layed  w ith 
i n  t h i s  rectangle .  

The interaction of foreground objects i s  supported by two different tech 
n i q u e s .  The I n t e l l i v i s i o n  I  compatib le  structure uses object over lap  as  
defined w i t h i n  STIC  I  documentation .  The upgrade to t h i s  approach su 
pports interact ion  through an over l ap  detect of i n d i v i d u a l  c o l o r  se l ec  
t ions  as  defined by the object array patterns .  T h i s  approach offers 
the important improvement of def in i ng  s e l e c t i v e  areas of an object as 
being  i nteractive ,  (such  as the feet of a p layer )  where the rest of the 
image i s  used to enhance the graphica l  effect .  The use of an ind irect  
po inter  means that the area defined as i nteract ive may be created i n  
a  co lor  identical  to the non interactive  image i f  d e s i r e d .  
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Tectr ica l  Character i st ics  

hese character ist ics  a p p ly  to a l l  LSI devices  wh ich  are s p e c i f i c a l l y  des igned  to 
perate i n  a  STIC  IB  system and i nc l ude  the C P 1 6 1 0 - 2 ,  the graph ics  c h i p  and the 
rogram ROMS. 

bso l ute  Maximum Rat ings  

emperature Under B i a s  
torage Temperature 
1 1  Input or Output Vo l t age s - w i t h  respect to VSS 
'CC w ith  respect to VSS 

perationa l  Spec if i cat ion  

mbient Temperature 
upply  Voltage 

haracterist ic  

0 ° c, e  +  100°g 
-  55°¢ to + 1 5 0" C  
-  0 . 2 ¥  to +7 . 0V  
-  0 . 2 V  to +7 .0V  

cc to +70°c 
VCC = +4 . 75V  -+5.25V 
vss = 0 .  ov 

Inputs  

Input Log ic  Low 
input Log ic  H i g h  
Input Leakage 
apacitance 

S Min  Max Units  Cond it ions  

V I L  0  0 . 7  V o l t s  
VIH 2 . 2  vcc Vo lts  
I l l  5  uA VIN = ov to vcc 

I I C  1 0  pf V I N  =  ov at 1MHz 

utputs 

Jutput Log ic  Low 
Jutput Logic  H i g h  

Supp ly  Current 

CC Supply 

VOL 
VOH 

ICC  

0 

2 . 4  

0 . 5  
vcc 

l 00 

Volts 
Volts 

mA 

IOL = 

IOH = I z  as» 


