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ith General  Instrument for M a s t e r  Component 
and C a r t r i d g e  ROMS 

In Reply Refe 

F r o m :  

Memo T o :  

S u b j e c t :  

At long l a s t  the ·neral  Instrument  1 9 8 1 / 1 9 8 2  contract has been 
s i g n e d .  Attachels a copy for your f i l e .  There are some 
a d d i t i o n a l  copie vailable in my department,  however ,  we had to 
send the contrac ut to be p r i n t e d  because of the t h i c k n e s s ,  so 
p l e a s e ' d o  not le your c o p i e s .  In a d d i t i o n  to the contract as 
o r i g i n a l l y  s i g n ' , " t h e r e  i s  a l s o  a  r e v i s e d  Exhibit C .  

e f P l e a s e  remember that the i n f o r m a t i o n  contained in this  contract i s,  +l  

: -  c o n s i d e r e d  "CONEIDENTIAL" and must not be g i v e n  to anyone o u t s i d e  of 
Mattel  or l e f t  out where i t  could be ava i l a b l e  for v i s i t o r s  to s e e .  
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EXHIBIT C 

•  

f  

•  •  

Sh ipment  Schedu le :  Gall Sets and Cartr idge  Sets (000 )  

• 

CARTRIDGE SETS 

MONTH M i n .  Cum.  M i n .  Cum .  Max. Cum.  

381 Nov .  175  1 7  175 1100 1100 1100 11.00 

Dec .  150 32 350 700 1800 950 2050 

982 J a n .  125 525 400 2200 750 2800 

Feb .  1 7 5  625 

t 
725 700 2900 1200 4000 

Mar .  175 800 225 950 700 3600 1200 5200 
4 

Apr .  175 975  225 1175 700 4300 1200 6400 

May 175 1150 235 1410 500 4800 1400 7800 

June 1 75  1325 235 1645 500 5300 1700 9500 

Ju ly  175 1500 230 1875 500 5800 1600 11100 

Aug .  165 1665 230 2105 400 6200 1700 12800 

Sept .  170 1835 235 2340 300 6500 2200 15000 

O c t .  165  2000 235 2575 300 6800 1800 16800 

*A l l  Cartr idge  Set orders schedu led  for s h ipment  after August  1 ,  1982 ,  w i 1 1  be 
completed with the s h ipment  of one 40K ROM, except as  otherwise  requested by 
Buyer. 

Note # l :  Th i s  r e v i s io n  i s  based upon the f o l l o w i n g  m i x  of Cartridge Sets :  

Month 40K ROMs 20K ROMs 
May 150 1250 

June 500 1200 

Ju ly  1200 400 

Aug .  1200 500 

Sept .  1550 650 

Oct .  1300 500 

R e v i s i o n  #l 

6/8/82 



Note 2 :  A  Cartr idge  
cons i sts  of 

Note 3 :  The add i t i o n a  
w il l  be at  a  u  
$ 1 . 3 7  per ROM. 

4/ 1 B I 1  ¢  

'f  

poses of count a g a i n s t  Ex h i b i t  C ,  
4OK ROM or two 2OK ROMs .  

ity for August through October 
of $ 2 . 7 4  per Cartridge  Set or 

R e v i s i o n  #l 

6/8/82 



AGREEMENT OF SALE AND PURCHASE 

AGREEMENT made as of the 1 s t  day o f  November ,  1 9 8 1 ,  by and 

between GENERAL INSTRUMENT CORPORATION, M i c r o e l e c t r o n i c s  D i v i   

s i o n ,  a  Delaware c o r p o r a t i o n ,  with  a  place of b u s i n e s s  at  6 0 0  

West John S t r e e t ,  H i c k s v i l l e ,  New York  ( " S e l l e r " )  and MATTEL, 

I N C . ,  Mattel Electronics  D i v i s i o n ,  a  Delaware c o r p o r a t i o n ,  w i t h  a  

place of business  at 5 1 5 0  Rosecrans Avenue ,  Hawthorne ,  C a l i f o r n i a  

( " B u y e r " ) .  

W I T N E S S  E T H :  

WHEREAS, Seller  d e s i r e s  to manufacture  and s e l l  c e r t a i n  mic  

roelectronic equipment (the  " P r o d u c t s " )  to Buyer and Buyer  de 

s i r e s  to purchase the Products from S e l l e r ;  

WHEREAS, Seller  and Buyer d e s i r e  to e s t a b l i s h  the terms and 

c o n d i t i o n s  of sale and purchase for  the P r o d u c t s ;  

NOW, THEREFORE·, in consideration  of  the p r e m i s e s  and mutual 

covenants and agreements set f o r t h  h e r e i n ,  the p a r t i e s  agree as 

follows :  

l .  Formation of  C o n t r a c t .  

Any term o r  c o n d i t i o n  o f  ( a )  B u y e r ' s  p u r c h a s e  o r d e r ;  ( b )  r e   

leases pertainin g  t h e r e t o ;  ( c )  S e l l e r ' s  o r d e r  acknowledgment;  or 

( d )  any communication between Buyer and S e l l e r  which is  in any 

way inconsistent with  the terms and c o n d i t i o n s  set  f o r t h  h e r e i n  

shall be deemed to be null  and void  and shall  not be b i nd i n g  on 

either  party h e r e t o ,  unless  a g reed  to in w r i t i n g  in accordance 

w i t h  the p r o v i s i o n s  o f  P a r a g r a p h  2 7 .  



2 .  P r o d u c t s .  

( a )  The Products purchased and sold hereunder  s h a l l  be those  

set  forth  in  E x h i b i t  A .  The terms  "Game S e t s "  and " C a r t r i d g e  

S e t s "  shall  have the meaning assigned  them in  E x h i b i t  A .  The 

p a r t i e s  may i n c r e a s e ,  d e c r e a s e  o r  modify the items included in  

the Products  at any time by w r i t i n g  in accordance  w i t h  the  provi  

s i o n s  of Paragraph  2 7 .  

( b )  The Products shall  be manufactured  and s h a l l  p e r f o r m  in 

accordance with  the s p e c i f i c a t i o n s  attached to t h i s  Agreement as 

E x h i b i t  B  ( " S p e c i f i c a t i o n s " )  and E x h i b i t  D  ( " Q u a l i t y  R e q u i r e   

m e n t s " ) .  

3 .  D e s i g n  C h a n g e s .  

( a )  Buyer may,  by w r i t t e n  n o t i c e ,  request  S e l l e r  to p r o v i d e  

quotations  regarding changes and/or a d d i t i o n s  ( h e r e i n a f t e r  r e   

f e r r e d  to as " D e s i g n  C h a n g e s " )  to the P r o d u c t s ,  S p e c i f i c a t i o n s  

and Quality  Requirements  l i s t e d  in E x h i b i t s  A ,  B a n d  D  respec  

t i v e l y .  W i t h i n  f o u r t e e n  ( 1 4 )  b u s i n e s s  days a f t e r  receipt  of  such 

n o t i c e ,  Seller  shall  provide Buyer w i t h  a  w r i t t e n  quotation  set  

ting forth  the design  and development c o s t s ,  production c o s t s  and 

schedule impact for such Design  Changes ,  which q u o t a t i o n s  shall  

be valid  for a  period of thirty  ( 3 0 )  days t h e r e a f t e r .  In the ev 

ent the p a r t i e s  agree  to implement any such Design  Changes ,  Sel  

ler  w i l l  advise  Buyer in w r i t i n g  of the person assigned  to accom 

p l i s h  the D e s i g n  Change,  and Seller  w i l l  provide Buyer w i t h  a  De 

s i g n  Change plan delineating milestone  schedules for  implementa 

tion  of the change.  Such Design Changes shall  not relieve  Buyer 

of its obligation  to accept Products e i t h e r  manufactured p r i o r  to 

- 2   



such implementation o r  reshipped P r o d u c t s  r e t u r n e d  by Buyer  that 

were  found to be in conformance w i t h  the S p e c i f i c a t i o n s  i n  e f f e c t  

at the time of o r i g i n a l  shipment o f  P r o d u c t s  o r  r e p a i r e d  to the 

S p e c i f i c a t i o n s  ( i n  l i e u  of r e p l a c e m e n t ) ,  except that P r o d u c t s  r e   

turned by Buyer  p u r s u a n t  to Paragraph  8  o r  9  hereof  more than 

t h i r t y  ( 3 0 )  days a f t e r  the date  of such implementation  s h a l l  be 

replaced ( i f  S e l l e r  e l e c t s  to replace )  by P r o d u c t s  c o n f o r m i n g  to 

such D e s i g n  C h a n g e s .  

( b )  In no event w i l l  S e l l e r  implement any mask  t o o l i n g  o r  

f i n a l  t e s t  p r o c e d u r e  changes to the Products  as specified  in Ex 

h i b i t s  B  and G without p r i o r  w r i t t e n  approval and a u t h o r i z a t i o n  

of B u y e r ,  including the e f f e c t i v e  date o f  implementation .  The 

only exception w i l l  be those changes in the f i n a l  t e s t  p r o c e d u r e s  

n e c e s s i t a t e d  b y  ( i )  the r e v i s i o n s  in E x h i b i t  B  mutually agreed to 

by the S e l l e r  and Buyer and ( i i )  the changes  in mask  t o o l i n g  and 

f i n a l  test  p r o c e d u r e s  envisioned  by the program set  f o r t h  in 

Paragraph 1 3 ( d ) .  S e l l e r  w i l l  submit q u a l i f i c a t i o n  samples to 

Buyer for approval p r i o r  to production  and d e l i v e r y  of Products  

affected by such change .  Buyer w i l l  respond to S e l l e r  in w r i t i n g  

w i t h i n  four  ( 4 )  weeks  after  receipt  o f  any approval r e q u e st  f o r  a  

mask d e s i g n  tooling change and w i t h i n  two ( 2 )  weeks for  any ap 

proval  request  for  a  f i n a l  t e s t  tape c h a n g e .  Buyer s h a l l  not u n   

reasonably withhold any such requested approval .  S e l l e r  w i l l  be 

l i a b l e  for  any c o s t  impact o r  schedule delay caused by any mask  

tooling or f i n a l  t e s t  procedure  implemented by S e l l e r  w i t h o u t  

p r i o r  w r i t t e n  approval ( o r  waiver  t h e r e o f )  o f  B u y e r .  
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4 .  T o o l i n g .  

S e l l e r  shall r e t a i n  t i t l e  t o ,  p o s s e s s i o n  o f ,  and the r i g h t  to 

exclusive  use of m a n u f a c t u r i n g  tooling  made o r  o b t a i n e d  by Sel  

l e r ,  including all  m a s k s ,  t a p e s ,  p l o t s ,  d r a w i n g s ,  f i x t u r e s ,  test  

p r o g r a m s ,  equipment and manufacturing  a i d s  except as provided  in 

Paragraph 1 2 .  

5 .  Purchase  and S a l e ;  Inventory.  

( a )  In accordance w i t h  E x h i b i t  C  and s u b j e c t  to subsequent 

modification  thereof  as provided  h e r e i n ,  Buyer a g r e e s  to purchase  

and Seller  a g r e e s  to s e l l  the specified  minimum cumulative  quan 

tity  at any given  time during  the term h e r e o f .  Buyer may pur  

chase  q u a n t i t i e s  up to the s p e c i f i e d  maximum cumulative q u a n t i   

ties  of Exhibit  c ,  provided such q u a n t i t i e s  a r e  ordered  in accor  

dance w i t h  subparagraph ( b )  below and do not exceed maximum 

monthly q u a n t i t i e s ,  except as provided in the next sentence .  

Seller  may,  at its  option ,  accept purchase  q u a n t i t i e s  in excess  

of the maximum monthly and/or cumulative q u a n t i t i e s  s p e c i f i e d  in 

E x h i b i t  C .  In such event Seller  w i l l  prepare  and forward  to Buy 

er  a revised  E x h i b i t  C  w i t h i n  ten ( 1 0 )  days a f t e r  acceptance of  

the s u b j e c t  purchase  o r d e r s  r e f l e c t i n g  the g r e a t e r  maximum month 

ly and/or cumulative q u a n t i t i e s ,  which r e v i s e d  E x h i b i t  C  w i l l  

supersede the p r i o r  E x h i b i t  C  and w i l l  be binding  on the p a r t i e s  

in accordance with  Paragraph 2 7 .  

( b )  Buyer shall  issue  purchase o r d e r s  to S e l l e r  i d e n t i f y i n g  

the d e s i r e d  q u a n t i t i e s  of Products at least  ninety ( 9 0 )  days p r i   

or to the f i f t e e n t h  day of the s u b j e c t  shipment month f o r  Game 

Sets  and sixty ( 6 0 )  days p r i o r  to the f i f t e e n t h  day of  the sub 

j e c t  shipment month for  Cartridge  S e t s .  The purchase o r d e r s  

- d   



shall  r e f e r  to t h i s  Agreement ,  d e s c r i b e  the P r o d u c t ,  specify  a  

d e l i v e r y  d a t e ,  l i s t  the applicable p r i c e  in  accordance w i t h  Ex 

h i b i t  A  and d e s c r i b e  the method of shipment.  S e l l e r  w i l l  acknow 

ledge B u y e r ' s  purchase  o r d e r s  w i t h i n  ten ( 1 0 )  days  a f t e r  r e c e i p t ,  

which acknowledgment w i l l  c o n f i r m  S e l l e r ' s  o b l i g a t i o n  to s h i p  

Products in accordance with  the p r i c e ,  q u a n t i t y  and d e l i v e r y  

schedule specified  on B u y e r ' s  purchase  o r d e r ,  provided  such 

p r i c e ,  quantity  and delivery  schedule a r e  c o n s i s t e n t  with  the 

terms of  this  Agreement .  Any purchase o r d e r  which is  i n c o n s i s   

tent with the terms of t h i s  Agreement w i l l  be acknowledged by 

S e l l e r  reflecting  the terms of t h i s  Agreement o r ,  in the c a s e  of  

d e l i v e r i e s ,  the best  delivery  schedule a v a i l a b l e .  The p r i c e ,  

quantity and delivery  set  forth  in S e l l e r ' s  acknowledgment s h a l l  

be binding on the Buyer unless  Buyer r e j e c t s  S e l l e r ' s  acknowledg 

ment in w r i t i n g  w i t h i n  three ( 3 )  days a f t e r  receipt  t h e r e o f .  

( c )  In  addition  to the requirements  of E x h i b i t  c ,  commencing 

in M a r c h ,  1 9 8 2  S e l l e r  shall m a i n t a i n  a  constant  inventory of at 

least  twenty thousand ( 2 0 , 0 0 0 )  of each of the B u y e r ' s  unique  Game 

Set  part  numbers (excluding C a r t r i d g e  S e t s )  for  the purpose of 

f u l f i l l i n g  B u y e r ' s  requirements  for  spare parts  and supplying re  

placement parts  required  under Paragraphs 8  and 9 .  Buyer w i l l  

i s s u e  purchase o r d e r s  for  spare parts  on an as required  b a s i s .  

Seller  w i l l  date code all  spare p a r t s  as  of the date  of shipment 

to B u y e r .  

6 .  P a c k i n g ,  Transportation ,  T i t l e  and R i s k  of  L o s s .  

( a )  Seller  s h a l l ,  at its  own expense ,  b o x ,  c r a t e ,  pack and 

package all the Products in a commercially reasonable  manner  in 
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compliance w i t h  the requirements  of  common c a r r i e r s .  Shipments  

shall  be addressed  to Buyer  ( i n c l u d i n g  B u y e r ' s  a g e n t s )  at  such 

address  as Buyer may d e s i g n a t e  to S e l l e r  by notice  in accordance 

with Paragraph  l O ( b )  and ,  if  no such a d d r e s s  has been d e s i g n a t e d ,  

to the address  of Buyer as set  f o r t h  in Paragraph  2 l .  S e l l e r  

s h a l l  be the importer of record  on all  shipments into the U n i t e d  

S t a t e s .  B u y e r ' s  part  n u m b e r s ,  q u a n t i t i e s  and symbols s h a l l  be 

marked  on all  i n v o i c e s ,  packages ,  b i l l s  of l a d i n g ,  shipping  o r   

ders  and correspondence,  provided S e l l e r  shall  have been timely 

n o t i f i e d  t h e r e o f .  Shipping memoranda or packing  l i s t s  s h a l l  ac 

company each shipment of the P r o d u c t s ,  and ,  in the event that  

more  than one package is  shipped at one t i m e ,  Seller  shall  iden 

t i f y  the package containing the memoranda or  l i s t s .  Two ( 2 )  

copies  of packing slips  or shipping r e c e i p t s  shall  be sent  to 

Buyer on date of shipment.  

( b )  S e l l e r  shall  select the least  expensive mode of t r a n s   

p o r t a t i o n  and c a r r i e r  c o n s i s t e n t  w i t h  the delivery  requirements  

of B u y e r ,  unless  otherwise  instructed  by Buyer .  The c a r r i e r  

shall be deemed to be B u y e r ' s  agent ,  except in the case  of  s h i p   

ments from S e l l e r ' s  manufacturing f a c i l i t i e s  o u t s i d e  the U n i t e d  

S t a t e s  to ports  of entry in the United States  selected by S e l l e r  

for subsequent shipment to Buyer or  i t s  agent in the United  

S t a t e s ,  in which case  Seller  shall  be importer of record as 

aforesaid  and the c a r r i e r  shall be deemed S e l l e r ' s  a g e n t ,  pro 

vided ,  however ,  that notwithstanding the f o r e g o i n g ,  Buyer  shall  

remain responsible  for the payment of  all  charges  pursuant  to 

Paragraph 7 .  
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• 4 
l 

t • 
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• 
7 .  Payment T e r m s .  

( a )  P r i c e s  set  f o r t h  in E x h i b i t  A  are  e f f e c t i v e  at S e l l e r ' s  

shipping plant  and do not include  any f r e i g h t ,  t r a n s p o r t a t i o n ,  

d u t i e s ,  i n s u r a n c e ,  s a l e s ,  property or ad valorem  t a x e s ,  a l l  of 

which shall  be at B u y e r ' s  expense .  

( b )  I f  S e l l e r  ships  the Products  in  i n s t a l l m e n t s ,  each in  

stallment shall  be deemed to be a separate  d e l i v e r y  for  the p u r   

pose of t h i s  p a r a g r a p h .  S e l l e r  w i l l  invoice a l l  Products  sold 

hereunder as e i t h e r  Game Sets and C a r t r i d g e  Sets  except in the 

event of purchase o r d e r s  for individual spare p a r t s ,  r e p a i r  or  

replacement p a r t s ,  or at B u y e r ' s  specific  r e q u e s t .  For d e l i v e r y  

in the United S t a t e s  or  other  designated a r e a s  where the Products  

must clear  customs ,  the terms of payment shall  be t h i r t y  ( 3 0 )  

days after  the date of invoice ,  said date of invoice shall  be ap 

proximately the date on which S e l l e r  shall  deliver  the Products  

to the appropriate port of  e n t r y .  For delivery of  products  to 

locations  w i t h o u t  special  customs r e q u i r e m e n t s ,  such as Hong 

Kong ,  shipments shall be made F . O . B .  S e l l e r ' s  plant to the Buy 

e r ' s  designated  subcontractors  and invoice date shall  be date  of 

delivery  by S e l l e r  to c a r r i e r .  The terms of payment in these  in 

stances shall  be t h i r t y  ( 3 0 )  days a f t e r  the date of i n v o i c e .  

( c )  In the event that Buyer r e j e c t s  Products  in accordance 

with  any of  the p r o v i s i o n s  of Paragraph 8 ,  Buyer may,  upon w r i t   

ten notice to S e l l e r ,  set off  a g a i n s t  outstanding amounts due to 

S e l l e r ,  an amount equal to the p r i c e  of the Products  m u l t i p l i e d  

by the number of  defective  or  incomplete Game Sets  and/or C a r   

t r i d g e  Sets which  Buyer or  B u y e r ' s  agent is  holding pending  r e   

ceipt  from the S e l l e r  of  the items of  the Products  necessary  to 
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make those Game Sets  and/or C a r t r i d g e  S e t s  complete and accept  

a b l e .  

8 .  I n s p e c t i o n ,  T e s t i n g ,  Acceptance and R e j e c t i o n .  

( a )  The Products  purchased hereunder  s h a l l  be s u b j e c t  to in 

s p e c t i o n ,  test  and acceptance by Buyer in accordance  w i t h  the 

standards  and procedures  set  f o r t h  in  E x h i b i t  B ,  in  the following  

m a n n e r :  

( i )  Buyer may inspect the Products  at any reasonable  place 

and t i m e ,  including  S e l l e r ' s  or  B u y e r ' s  plant or  any o t h e r  

point  of d e s t i n a t i o n  designated  pursuant  to t h i s  Agreement .  

In the event that Buyer elects  to inspect the Products  at the 

S e l l e r ' s  p l a n t ,  B u y e r ' s  inspector shall  in no way i n t e r f e r e  

w i t h ,  delay or otherwise  obstruct  the operation  of  S e l l e r ' s  

factory and shall  r e s t r i c t  h i s  a c t i v i t i e s  solely to the in 

spection of Products  tendered by S e l l e r .  Acceptance of  the 

Products  by such inspector  shall  be in w r i t i n g .  

( i i )  I f  Buyer s h a l l ,  pursuant  to Paragraph l l ,  d e s i g n a t e  an 

agent to perform such inspection and acceptance ,  the Products  

shall  be deemed to be accepted by Buyer upon acceptance by 

such a g e n t .  

( b )  At S e l l e r ' s  plant or  w i t h i n  t h i r t y  ( 3 0 )  days of r e c e i p t  

of a shipment by Buyer or  i t s  a g e n t ,  Buyer or its  agent shall  be 

entitled  to r e j e c t  any Products  w h i c h ,  having been tested by Buy 

er in accordance with  E x h i b i t  B ,  do not meet the S p e c i f i c a t i o n s  

set  forth  t h e r e i n .  Buyer s h a l l ,  at i t s  o p t i o n ,  e i t h e r  ( i )  indi  

vidually test  all  p a r t s ,  Game Sets  or  C a r t r i d g e  Sets  from  a  g i v e n  

lot in accordance with  Exhibit  B ,  or  ( i i )  i n d i v i d u a l l y  test  a  

- 8   



random sample of  the p a r t s ,  Game S e t s  or  C a r t r i d g e  S e t s  i n  a c c o r   

dance w i t h  E x h i b i t  B ,  such random sample to be selected in  accor  

dance w i t h  a  one percent  ( 1 % )  AQL on e l e c t r i c a l  s p e c i f i c a t i o n s ,  a  

two and o n e - h a l f  percent  ( 2 - 1 / 2 % )  AQL on p a c k a g e ,  lead d i m e n s i o n s  

and s o l d e r a b i l i t y  in accordance w i t h  MIL-STD-105D  Sampling P r o   

c e d u r e ,  Inspection Level I I ,  S i n g l e  Sampling .  For the purpose  of  

this  subparagraph,  a  " l o t "  shall  mean the total  number of Game 

S e t s ,  C a r t r i d g e  Sets or p a r t s  t h e r e o f  covered  by a s i n g l e  ship  

ment memorandum. In  the event Buyer or  i t s  agent  s h a l l ,  as  a  re  

sult of such t e s t ,  determine  that any Game S e t ,  C a r t r i d g e  Sets  or  

parts  ( i n  the case of tests  performed pursuant  to clause  ( i )  

above)  or any lot ( i n  the case of t e s t s  performed p u r s u a n t  to 

clause  ( i i )  above)  shall  f a i l  to meet the S p e c i f i c a t i o n s ,  Buyer  

or its  agent may r e j e c t  such Game S e t ,  C a r t r i d g e  S e t s ,  p a r t s ,  o r  

lot ( a s  the case  may b e ) .  

( c )  In the event Buyer e l e c t s  to inspect the Products at 

other than S e l l e r ' s  p l a n t ,  and Seller  shall  not receive  w r i t t e n  

n o t i f i c a t i o n  of  non-conformity from e i t h e r  Buyer or  i t s  agent ( a s  

the case  may be )  w i t h i n  thirty  ( 3 0 )  days of the receipt  of  a  

shipment of Products ,  said Products  shall  be deemed to be ac 

cepted.  

( d )  In the event Buyer or  i t s  agent shall  r e j e c t  any of  the 

Products  hereunder  in accordance w i t h  subparagraph ( b )  above,  

Buyer shall  promptly notify S e l l e r  thereof  by telex or o t h e r  sim  

ilar means .  Return  of r e j e c t e d  lots and/or i n d i v i d u a l  p a r t s  

shall be accomplished in accordance w i t h  E x h i b i t  E .  S e l l e r  shall  
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be l i a b l e  f o r  a l l  shipping c h a r g e s  to and f r o m  the l o c a t i o n  d e s   

ignated by i t  to the Buyer i n  c o n n e c t i o n  w i t h  defective  Products  

r e t u r n e d  p u r s u a n t  to t h i s  Paragraph 8 .  

( e )  Any Products  r e j e c t e d  i n  accordance w i t h  t h i s  Paragraph  

8  and found to be non-conforming by S e l l e r  shall  be r e p a i r e d  o r  

replaced,  at S e l l e r ' s  o p t i o n .  S e l l e r  shall  r e p a i r  o r  replace and 

s h i p  such r e p a i r e d  or replaced Products  in a  timely manner g i v i n g  

due c o n s i d e r a t i o n  to B u y e r ' s  production  r e q u i r e m e n t s .  The t e r m  

"timely manner"  shall mean the next available  shipment allowing  

due time for the p r o c e s s i n g  of S e l l e r ' s  i n t e r n a l  paperwork but no 

l a t e r  than t h i r t y  ( 3 0 )  days a f t e r  r e c e i p t  o f  notice  that any such 

Products  have been r e j e c t e d .  S e l l e r  may p e r f o r m  any m i n o r  r e p a i r  

w o r k  at the inspection  location  o f  Buyer o r  i t s  a g e n t ,  provided 

such work  does not i n t e r f e r e  with  B u y e r ' s  production a c t i v i t i e s .  

In no event shall  Seller  be l i a b l e  to Buyer f o r  Products  that  do 

not conform to the S p e c i f i c a t i o n s  except f o r  r e p a i r  o r  replace  

ment thereof  as provided h e r e i n .  

( f )  Any Products shipped by S e l l e r  in the good f a i t h  b e l i e f  

that such Products  a r e  conforming and which a r e  r e j e c t e d  i n  ac  

cordance  w i t h  t h i s  Paragraph  8  o r  returned  in accordance w i t h  

Paragraph 9  and which a r e  r e p a i r e d  o r  replaced in a timely manner  

( a s  defined  in subparagraph ( e )  above)  s h a l l  not be s u b j e c t  to 

r i g h t s  of c a n c e l l a t i o n  of the Buyer set  f o r t h  i n  subparagraph  ( g )  

o f  t h i s  P a r a g r a p h  8 ,  P a r a g r a p h s  9 ,  l 0  o r  l 4  a n d  B u y e r  s h a l l  a c   

cept d e l i v e r y  of a l l  such r e p a i r e d  o r  replace m e n t P r o d u c t s .  

( g )  B u y e r  s h a l l  have the r i g h t ,  upon w r i t t e n  noti c e  to S e l   

l e r ,  to cancel  that portion  of a p u r c h a s e  order  for  any Products  
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r e j e c t e d  in accordance  with  t h i s  P a r a g r a p h  8  o r  r e t u r n e d  to Sel  

ler in accordance with  Paragraph  9  if  such r e p a i r e d  or  replace  

ment Products  a r e  not shipped to Buyer  w i t h i n  t h i r t y  ( 3 0 )  days  

after  S e l l e r ' s  r e c e i p t  of notice  that any such Products  have been 

r e j e c t e d .  Upon e x e r c i s e  of such r i g h t ,  Buyer w i l l  promptly re 

turn  to S e l l e r  an equivalent  number of  Game Sets  or C a r t r i d g e  

Sets  absent the r e j e c t e d  or r e t u r n e d  P r o d u c t s .  A c c o r d i n g l y ,  the 

minimum and cumulative  amounts set  f o r t h  in E x h i b i t  C  shall  be 

reduced by the number of  Products  ( i . e . ,  Game Sets  and C a r t r i d g e  

S e t s )  so cancelled and returned to S e l l e r .  The S e l l e r  w i l l  p r e   

pare and forward to Buyer a revised  E x h i b i t  C  w i t h i n  ten ( 1 0 )  

days after  r e c e i p t  of a l l  the cancelled Game Sets  and C a r t r i d g e  

S e t s ,  which r e v i s e d  E x h i b i t  C  w i l l  supersede the p r i o r  E x h i b i t  C  

and w i l l  be binding on the p a r t i e s  in accordance with  Paragraph  

2 7 .  

( h )  The p a r t i e s  shall meet from time to t i m e ,  upon the rea  

sonable request of e i t h e r ,  to review possible  approaches to re  

ducing costs  and p r i c e s ,  improving the P r o d u c t s ,  or  otherwise  ad 

vancing t h e i r  mutual i n t e r e s t s  as set  f o r t h  h e r e i n ,  but nothing 

therein  shall  be deemed to require  e i t h e r  party to agree  w i t h  any 

amendments or m o d i f i c a t i o n  of the p r o v i s i o n s  of t h i s  Agreement .  

9 .  S e l l e r ' s  W a r r a n t y .  

( a )  Seller  represents  and w a r r a n t s  to Buyer that the Pro 

ducts sold hereunder  shall  at the time of acceptance by Buyer and 

for a period of  seven ( 7 )  months a f t e r  the date code indicated  

t h e r e o n ,  conform to the S p e c i f i c a t i o n s .  S e l l e r  w i l l  ship  Pro  

ducts w i t h i n  four  ( 4 )  weeks of t h e i r  indicated date c o d e .  
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F a i l u r e  by S e l l e r  to ship w i t h i n  s a i d  four  ( 4 )  week period  w i l l  

e n t i t l e  Buyer to r e j e c t  the s u b j e c t  i n d i v i d u a l  p a r t s ,  Game Sets  

or C a r t r i d g e  Sets  but not e n t i r e  lots  of  the Products ( s u b j e c t  to 

the terms of Paragraph 8 ( e ) ,  ( f )  and ( g ) )  or  to accept such quan 

tity  and extend the a f o r e s a i d  seven ( 7 )  month w a r r a n t y  by the 

period  of such shipment d e l a y .  S e l l e r ' s  l i a b i l i t y  under  t h i s  

warranty shall  not extend to any other  person  o r  e n t i t y  o t h e r  

than Buyer or B u y e r ' s  agent or  B u y e r ' s  l i c e n s e e s  and shall  be 

limited  to the repair  or replacement ,  at S e l l e r ' s  o p t i o n ,  of any 

defective  P r o d u c t s .  Seller  shall  use all  reasonable e f f o r t s  to 

r e p a i r  or replace and ship  Products  returned  pursuant  to t h i s  

subparagraph ( a )  in a "timely manner"  as such term is  d e f i n e d  in 

Paragraph 8 ( e ) .  Buyer shall have the r i g h t  to cancel  r e j e c t e d  

Products in accordance with  Paragraph 8 ( g ) .  S e l l e r  shall  be l i   

able for  all  shipping charges  to and from the location designated  

by it to the Buyer in connection w i t h  defective  Products  returned 

pursuant  to t h i s  Paragraph 9 .  

( b )  Repaired  Products ,  or Products  delivered  as replace  

ments ,  pursuant  to the p r o v i s i o n s  of Paragraphs  8 ( e )  or  9 ( a )  

h e r e o f ,  shall  also  be covered by the foregoing  w a r r a n t y  in accor  

dance with  i t s  t e r m s ,  and the warranty period  with  respect  to 

such repaired  or replacement Products  shall begin upon the date  

of shipment thereof  as determined by the new date  code indicated  

thereon or  as otherwise  provided in subparagraph ( a )  above.  

( c )  Seller  shall  have no l i a b i l i t y  under t h i s  warranty  f o r :  

( i )  any costs  and expenses i n c u r r e d  to remove the Products 

from any c i r c u i t  b o a r d ;  
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( i i )  any P r o d u c t s  w h i c h  h a v e  b e e n  a l t e r e d ,  r e p l a c e d  o r  r e   

p a i r e d ,  o r  have b e e n  s e r v i c e d  by p e r s o n s  o t h e r  t h a n  B u y e r  o r  

i t s  a g e n t s  w i t h o u t  S e l l e r ' s  c o n s e n t ,  w h i c h  c o n s e n t  s h a l l  n o t  

be u n r e a s o n a b l y  w i t h h e l d ;  

( i i i )  d e f e c t s  o r  f a i l u r e s  w h i c h  a r e  the r e s u l t  o f  m i s h a n d l   

i n g ,  v a n d a l i s m ,  n e g l i g e n c e ,  a b u s e  o r  m i s u s e  o f  the P r o d u c t s .  

( d )  The s o l d e r i n g  o f  p a r t s  to a p r i n t e d  c i r c u i t  b o a r d  u n d e r  

g e n e r a l l y  accepted c o m m e r c i a l  p r a c t i c e  s h a l l  not v o i d  t h i s  w a r   

r a n t y ,  p r o v i d e d  t h a t  s u c h  p a r t s  s h a l l  be removed f r o m  s a i d  b o a r d s  

in a m a n n e r  w h i c h  s h a l l  p e r m i t  S e l l e r  to t e s t  s u c h  p a r t s .  

( e )  THE FOREGOING EXPRESS WARRANTIES OF SELLER ARE E X C L U S I VE  

AND ARE I N  L I E U  OF ALL OTHER WARRANTIES, EXPRESS OR I M P L I E D .  

SELLER SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANT 

A B I L I T Y  AND FITNESS FOR A PARTICULAR PURPOSE. 

1 0 .  S h i p m e n t s .  

( a )  To f a c i l i t a t e  B u y e r ' s  i n t e r n a l  p r o d u c t i o n  p l a n n i n g ,  S e l   

l e r  s h a l l  supply Buyer w i t h  a  w e e k l y  t e n - w e e k  s h i p m e n t  f o r e c a s t  

based on e s t i m a t e d  s h i p m e n t s  v e r s u s  the p r o d u c t i o n  q u a n t i t i e s  o r   

d e r e d  on B u y e r ' s  p u r c h ase  o r d e r s  and a c k n o w l e d g ed by S e l l e r  which  

s h a l l  r e f l e c t  a  l i n e a r  p r o g r e s s i o n  o f  s h i p m e n t s  to B uye r  t h r o u g h   

o u t  the t e r m  of t h i s  A g r e e m e n t ,  i n s o f a r  a s  may be p r a c t i c a b l e .  

S a i d  s h i p m e n t  f o r e c a s t  i s  s u p p l i e d  f o r  i n f o r m a t i o n a l  p u r po s e s  on 

ly by the S e l l e r  and s h a l l  not s u p e r s e d e  S e l l e r ' s  a cknowl e dged 

shipment s c h e d u l e .  I n  a d d i t i o n ,  S e l l e r  s h a l l ,  upon w r i t t e n  r e   

q u e s t ,  provide Buyer w i t h  w o r k - i n - p r o c e s s  data on a per p a r t  num 

ber b a s i s ,  at a l l  f a c i l i t i e s  w h e r e  the Pr o d u c ts a r e  being manu 

f a c t u r e d .  T h i s  d a t a  s h a l l  i n c l u d e  w o r k - i n - p r o c e s s  q u a n t i t i e s  in 
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wafer  s t a r t s  and f a b ,  and throughput y i e l d  in wafer  p r o c e s s ,  

p r o b e ,  assembly and f i n i s h e d  g o o d s .  All  d a t a  s h a l l  be yielded  to 

give  equivalent  f i n i s h e d  goods q u a n t i t i e s  per p a r t .  S e l l e r  s h a l l  

provide Buyer on a weekly b a s i s  with  an explanation concerning  

the f a i l u r e  to d e l i v e r  the Products  in accordance with  the S e l   

l e r ' s  acknowledged shipment  s c h e d u l e ,  and a c o r r e c t i v e  action  

plan d e l i n e a t i n g  specific  action  to be t a k e n ,  e . g . ,  a  wafer  load 

ing recovery plan that w i l l  recover the q u a n t i t i e s  in a r r e a r s  

and/or any imbalance in Cartridge  ROM p a t t e r n s .  

( b )  Buyer w i l l  provide w r i t t e n  shipping d e s t i n a t i o n  i n s t r u c   

tions on the Monday that f a l l s  before  the f i r s t  shipping date of 

the following month,  covering  that m o n t h ' s  shipments .  Buyer  re  

serves the r i g h t  to change said  shipping d e s t i n a t i o n  i n s t r u c t i o n s  

at any time up to seven ( 7 )  days p r i o r  to any scheduled shipment 

date  if  S e l l e r  f a i l s  to ship or advises  Buyer that it  w i l l  be un 

able to ship  the quantity and/or C a r t r i d g e  ROM pattern  type as 

previously  advised by S e l l e r .  

( c )  Seller  shall  ship  Products  in complete matched tested  

Game Sets  o n l y ,  as defined  in E x h i b i t  A ,  unless  otherwise  d i r e c   

ted by B u y e r .  Production  requirements  for  multiple part  c a r   

t r i d g e s  shall be shipped in balanced ROM parts  only ( C a r t r i d g e  

Sets )  unless otherwise  directed by B u y e r .  

( d )  Seller  shall  ship  d u r i n g  any f i s c a l  monthly per iod  of  

S e l l e r ,  Game Sets  and C a r t r i d g e  S e t s  in accordance w i t h  the quan 

t i t i e s  ordered  on B u y e r ' s  purchase o r d e r s  acknowledged by S e l l e r ,  

which shall be placed in accordance w i t h  Paragraph  5 .  In addi  

t i o n  to any other r i g h t s  of Buyer under t h i s  Agreement ,  Buyer may 
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d e f e r  payment of the p o r t i o n  o f  the invoices  due and payable un 

d e r  the terms of t h i s  Agreement f o r  a  s p e c i f i c  C a r t r i d g e  ROM pat  

t e r n  that exceeds the q u a n t i t i e s  o r d e r e d  by Buyer and acknow 

ledged by S e l l e r  in excess of f i v e  percent ( 5 % )  u n l e s s  such ex 

c e s s  i s  requested  by Buyer and acknowledged by S e l l e r .  W i t h i n  

f i v e  ( 5 )  days a f t e r  the cumulative  amount o f  such C a r t r i d g e  ROM 

pattern  shipped equals  the cumulative amount o r d e r e d ,  Buyer  s h a l l  

submit to S e l l e r  a l l  such d e f e r r e d  payments .  S e l l e r  r e s e r v e s  the 

r i g h t  to ship up to five percent  ( 5 % )  overage o f  any s p e c i f i c  

C a r t r i d g e  ROM pattern  scheduled in a g i v e n  month,  however ,  t h i s  

shall  not be cumulative on any such C a r t r i d g e  ROM pattern  on a  

month to month b a s i s ,  nor s h a l l  it be cumulative  in total  f o r  a l l  

C a r t r i d g e  S e t s  o r d e r e d .  S e l l e r  w i l l  s h i p  a l l  C a r t r i d g e  S e t s  

a g a i n s t  purchase  o r d e r s  in chronological  o r d e r  for  each C a r t r i d g e  

ROM pattern  purchased p r i o r  to shipping the same C a r t r i d g e  ROM 

p a t t e r n  a g a i n s t  a  subsequent open purchase  o r d e r .  

( e )  The purchase  of probed ROM w a f e r s  o r  tested d i e  by Buyer  

shall  be c r e d i t e d  a g a i n s t  S e l l e r ' s  o b l i g a t i o n  to s a t i s f y  the 

quantity requirements  s e t  f o r t h  in E x h i b i t  C  for  C a r t r i d g e  S e t s  

on a good d i e  per ROM wafer b a s i s .  

( f )  In the event that S e l l e r  s h a l l  be more  than t h i r t y  ( 3 0 )  

days in a r r e a r s  in shipping scheduled q u a n t i t i e s  o f  the Products  

(whether Game Sets  o r  C a r t r i d g e  S e t s )  in accordance w i t h  the 

schedule and terms and c o n d i t i o n s  set  f o r t h  h e r e i n ,  which delay 

shall be caused by any r e a s o n ,  i n c l u d i n g ,  but not l i m i t e d  t o ,  a  

f a i l u r e  of the Products  to meet the S p e c i f i c a t i o n s ,  but s p e c i f i   

cally excluding any delay caused by an event d e s c r i b e d  o r  in  

tended by Paragraph 14 h e r e o f ,  the Buyer may, at any time p r i o r  
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to the time S e l l e r  s h i p s  the q u a n t i t y  so in a r r e a r s ,  upon n o t i c e  

to S e l l e r ,  cancel w i t h o u t  c o s t  the  p u r c h a s e  o r d e r  r e l a t i v e  to the 

q u a n t i t y  so in a r r e a r s ,  o r  any p o r t i o n  t h e r e o f .  A c c o r d i n g l y ,  the 

minimum and cumulative  amounts set  f o r t h  in E x h i b i t  C  s h a l l  be 

reduced by the quantity  of Products  so c a n c e l l e d .  The S e l l e r  

w i l l  p r e p a r e  and forward to Buyer a  r e v i s e d  E x h i b i t  C  w i t h i n  ten 

( 1 0 )  days a f t e r  r e c e i p t  o f  B u y e r ' s  c a n c e l l a t i o n  n o t i c e ,  which re  

vised E x h i b i t  C  w i l l  supersede the p r i o r  E x h i b i t  C  and w i l l  be 

binding on the p a r t i e s  in accordance w i t h  Paragraph 2 7 .  

( g )  All shipments of the Products by Seller  which  have not 

been cancelled in accordance w i t h  the terms of t h i s  Agreement 

shall be deemed due shipments under the terms  and c o n d i t i o n s  

h e r e i n ,  and this  Agreement shall remain  in f u l l  f o r c e  and e f f e c t  

for  the period required by S e l l e r  to complete shipment of the 

q u a n t i t i e s  of Products  in a r r e a r s ,  unless  such Products  a r e  sub 

sequently cancelled by Buyer as provided h e r e i n .  The B u y e r ' s  

remedies  set  f o r t h  in Paragraphs 8 ,  9 ,  1 0 ,  l4  and 1 5  for l a t e n e s s  

of shipments o r  f a i l u r e  to ship in accordance w i t h  the acknow 

ledged shipment schedule shall  be the B u y e r ' s  sole  and exclusive  

r e m e d i e s .  

( h )  S e l l e r  shall employ the available capacity at the S e l   

l e r ' s  plants for the manufacture o f  the Products  in the following 

order  o f  p r i o r i t y :  

Chandler ,  Arizona -  Wafer  C  

Chandler ,  A r i z o n a  -  W a f e r  B  

G l e n r o t h e s ,  Scotland - Wafer B 

Seller  w i l l  use a l l  reasonable e f f o r t s  to m i n i m i z e  the use  of its  

- l 6   



Glenrothes  f a c i l i t y  r e c o g n i z i n g  the i n c r e a s e d  expense to Buyer  in  

customs d u t i e s  a t t r i b u t a b l e  to Products  manufactured  t h e r e .  

( i )  S e l l e r  w i l l  p r o v i d e ,  at B u y e r ' s  r e q u e s t ,  all  documenta  

t i o n  necessary  for  Buyer to o b t a i n  T a r i f f  Schedule of  the United  

S t a t e s  (TSUS )  8 0 7  or 8 0 0  q u a l i f i c a t i o n  for  customs p u r p o s e s .  In  

a d d i t i o n ,  Seller  w i l l ,  at B u y e r ' s  r e q u e s t ,  a s s i s t  Buyer  in  ob 

taining  TSUS 8 0 7  q u a l i f i c a t i o n  for  C a r t r i d g e  Sets  and any other  

Game Set parts  not c u r r e n t l y  q u a l i f i e d  for  TSUS 8 0 7 .  

1 1 .  Agency. 

Buyer may at any time and from time to t i m e ,  by notice  to 

S e l l e r ,  appoint agents for  the performance of i t s  d u t i e s  r e l a t e d  

to the P r o d u c t s ,  including ,  but not limited  t o ,  inspections  and 

acceptance,  order  release for  shipment ,  receipt  of  s h i p m e n t s ,  

settlement of c l a i m s ,  changes in the Products  and S p e c i f i c a t i o n s  

and the l i k e .  S e l l e r  may rely on the advice and i n s t r u c t i o n s  of 

any such agent w i t h i n  the scope of  such a g e n t ' s  a u t h o r i t y  as  the 

same may be designated  by Buyer in such n o t i c e .  Buyer shall  in  

demnify and hold S e l l e r  harmless from l i a b i l i t y  of  any k i n d  on 

account of any and all  acts  of any agent appointed by B u y e r ,  pro  

vided such acts  are  w i t h i n  the scope of the agency.  

l 2 .  Second S o u r c e .  

( a )  In the event that S e l l e r  shall  not be able to p e r f o r m  

this  Agreement for  the r e a s o n s  set  forth  in Paragraph  1 4  h e r e o f ,  

or  is  otherwise  unable to meet the acknowledged shipment sche 

d u l e ,  Buyer may request in w r i t i n g  that S e l l e r  e s t a b l i s h  a  second 

source  of supply for  those items of  the Products which are  d e l i n   

quent against the acknowledged shipment schedule by a quantity 
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equal to the scheduled t h i r t y  ( 3 0 )  day supply.  In such e v e n t ,  

S e l l e r  shall  use  reasonable e f f o r t s  to e n t e r  into an agreement 

w i t h  a  subcontractor approved by Buyer  (which  approval s h a l l  not  

unreasonably be w i t h h e l d )  to manufacture  the items and q u a n t i t i e s  

of the Products  s p e c i f i e d  by S e l l e r  f o r  which S e l l e r  i s  so d e l i n   

quent .  A l t e r n a t i v e l y ,  with  the approval of the B u y e r ,  S e l l e r  may 

enter  into an agreement  with  a  subcontractor  to produce appropri  

ate q u a n t i t i e s  of other  items of the Products  which are  not de  

linquent but  which s a i d  subcontractor  manufacture  w i l l  permit  the 

Seller  to reallocate  its  resources  to i n c r e a s e  the production  of 

those items of the Products which a r e  delinquent .  S e l l e r  shall  

provide  Buyer w i t h  a  performance plan including but not limited 

to milestones  for  quality  approval of  the s u b c o n t r a c t o r ' s  Pro 

ducts  and production  s c h e d u l e s .  Any such subcontractor  shall  be 

under the d i r e c t i o n  and control  of  the S e l l e r  and shall  not s e l l  

Products d i r e c t l y  to the B u y e r .  

(b )  Should the Seller  be unable to e s t a b l i s h  a  subcontractor  

in accordance with  Paragraph 1 2 ( a )  hereof  w i t h i n  sixty ( 6 0 )  days 

of the B u y e r ' s  w r i t t e n  request ,  then the Buyer s h a l l  have the op 

tion  of establishing  a  second source  for  those items of the Pro  

d u c t s ,  and specifically those mask  numbers ,  for  which the S e l l e r  

is  delinquent against  the acknowledged shipment schedule  by a 

quantity  equal to the scheduled t h i r t y  ( 3 0 )  day supply,  upon pay 

ment to the Seller  of a  lump sum of $ l 0 , 0 0 0  for  each mask number 

per second s o u r c e ,  but without royalty payment as provided  in  Ex 

h i b i t  F  u n t i l  such time as said  delinquency shall  be e l i m i n a t e d .  

For the lump sum payment, S e l l e r  s h a l l  deliver  to the Buyer or  to 
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the second source  the i n f o r m a t i o n  i d e n t i f i e d  in E x h i b i t  F ( 3 ) .  

All such C o n f i d e n t i a l  I n f o r m a t i o n  provided by Seller  h e r e u n d e r  

shall  be complete in a l l  respects and conform to S e l l e r ' s  then 

c u r r e n t  manufacturing p r a c t i c e s .  S e l l e r  shall  also provide  to 

each second source  a  maximum of ten ( 1 0 )  working  man-days of  en 

g i n e e r i n g  service  f o r  each mask number to a s s i s t  each such  second 

source  in the manufacturing of the respective p a r t .  Such i n i t i a l  

engineering  s e r v i c e s  w i l l  be provided without  additional  c h a r g e  

to any second s o u r c e ;  provided,  however ,  Buyer w i l l  be l i a b l e  f o r  

all transportation  and living  expenses of the S e l l e r ' s  engineers  

without the continental United S t a t e s .  F u r t h e r ,  any a d d i t i o n a l  

e n g i n e e r i n g  s e r v i c e s  in excess of the ten ( 1 0 )  working  man-days 

required  by any such second source  shall  be billed at a r a t e  of  

$ 7 5  per hour plus  t r a n s p o r t a t i o n  and living expenses .  S e l l e r ' s  

e n g i n e e r s  shall  be under the d i r e c t i o n  and control  of  the B u y e r ' s  

e n g i n e e r i n g  department while  r e n d e r i n g  such engineering  s e r   

v i c e s .  Buyer a g r e e s  to pay or shall  cause  each such second 

source  to pay Seller  the royalty as shown in E x h i b i t  F  beginning  

with  the time that said  delinquency is e l i m i n a t e d .  Said  royalty 

payments shall  be based on the selling  p r i c e  of such Products be 

tween the second source  and Buyer .  For the purposes  of the cumu 

lative quantity steps in royalty percentages ,  the sales  of  each 

such second source  to the Buyer shall  be counted cumulatively 

from the beginning of shipments by each such second source of a  

p a r t i c u l a r  mask number p a r t ,  including  the delinquency q u a n t i t y .  

( c )  Buyer may ,  at any time d u r i n g  the term  of  t h i s  Agreement 

or upon termination of  t h i s  Agreement as provided in Paragraph  
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1 5 ,  for the purpose of e s t a b l i s h i n g  a  m a n u f a c t u r i n g  s o u r c e  for  

any one or more of P r o d u c t s ,  a c q u i r e  from  S e l l e r  the C o n f i d e n t i a l  

Information  set  forth  in E x h i b i t  F ( 3 ) ,  which C o n f i d e n t i a l  I n f o r   

mation  Seller  w i l l  promptly t r a n s f e r  and d e l i v e r  to Buyer  upon 

the payment to S e l l e r  of  the lump sum amount of  $ l 0 , 0 0 0  per  Pro  

duct  p a r t  for  each proposed manufacturing  source  and an agreement  

to pay or cause  each such manufacturing  source  to pay S e l l e r  a  

royalty as shown in  E x h i b i t  F .  Said  royalty payments shall  be 

based on the s e l l i n g  p r i c e  of such Product between the manufac 

t u r i n g  s o u r c e  and Buyer shall  be cumulative for each manufactur  

ing source  by Product part  and not f o r  the manufacturing  s o u r c e s  

or Product parts  as a g r o u p .  All such C o n f i d e n t i a l  I n f o r m a t i o n  

provided by S e l l e r  hereunder  shall  be complete in  a l l  respects  

and conform to S e l l e r ' s  then c u r r e n t  manufacturing  p r a c t i c e s .  As 

f u r t h e r  c o n s i d e r a t i o n  for  the above payments,  Seller  shall  also  

provide  to each manufacturing  source  for  each Product p a r t  a  max 

imum of ten ( 1 0 )  working  man-days o f  engineering  service  to as 

s i s t  Buyer or each such manufacturing source  in the manufacture  

of  each such P r o d u c t .  Such i n i t i a l  e n g i n e e r i n g  s e r v i c e s  w i l l  be 

provided without  a d d i t i o n a l  charge  to any manufacturing  s o u r c e ;  

p r o v i d e d ,  however,  Buyer w i l l  be liable for  all  t r a n s p o r t a t i o n  

and living  expenses of the S e l l e r ' s  e n g i n e e r s  w i t h o u t  the c o n t i n   

ental  United S t a t e s .  F u r t h e r ,  any a d d i t i o n a l  e n g i n e e r i n g  s e r   

v i c e s  in excess of the ten ( 1 0 )  working  man-days r e q u i r e d  by any 

such manufacturing source shall  be billed  at a r a t e  of  $ 7 5  per  

hour plus transportation  and living  expenses .  S e l l e r ' s  e n g i n e e r s  

shall  be under the d i r e c t i o n  and control  of the B u y e r ' s  e n g i n e e r   

ing department while rendering  such e n g i n e e r i n g  s e r v i c e s .  
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( d )  ( i )  I n  a s s o c i a t i o n  w i t h  o r  i n  a d d i t i o n  to t h e  p r o v i   

s i o n s  o f  P a r a g r a p h  1 2 ( c )  and at i t s  s o l e  e x p e n s e  and l i   

a b i l i t y ,  B u y e r  may a t  any t i m e  d u r i n g  t h e  t e r m  o f  t h i s  

A g r e e m e n t  o r  upon t e r m i n a t i o n  o f  t h i s  A g r e e m e n t  a s  p r o   

v i d e d  in P a r a g r a p h  l 5 ,  f o r  the p u r p o s e  of e s t a b l i s h i n g  a  

m a n u f a c t u r i n g  s o u r c e  f o r  any o r  a l l  o f  t h e  P r o d u c t s  ( o r  

o t h e r  p a r t s  e q u i v a l e n t  in f o r m ,  f i t  and f u n c t i o n  to t h e  

P r o d u c t s )  a c q u i r e  f r o m  S e l l e r  the C o n f i d e n t i a l  I n f o r m a   

t i o n  s e t  f o r t h  in E x h i b i t  F ( 3 )  and ( 4 ) ,  w h i c h  C o n f i d e n   

t i a l  I n f o r m a t i o n  S e l l e r  w i l l  promptly t r a n s f e r  and d e   

l i v e r  to Buyer upon the payment to S e l l e r  o f  t h e  lump 

sum amount of $ 2 0 , 0 0 0  p e r  P r o d u c t  p a r t  p e r  m a n u f a c t u r i n g  

s o u r c e  and an a g r e e m e n t  to pay o r  c a u s e  s u c h  m a n u f a c t u r   

ing s o u r c e  to pay to S e l l e r  a  r o y a l t y  as s e t  f o r t h  in 

E x h i b i t  F .  S a i d  r o y a l t y  payments s h a l l  be b a s e d  on t h e  

s e l l i n g  of such P r o d u c t  or i t s  e q u i v a l e n t  between t h e  

m a n u f a c t u r i n g  s o u r c e  and B u y e r  and s h a l l  be c u m u l a t i v e  

f o r  e a c h  m a n u f a c t u r i n g  s o u r c e  per P r o d u c t  p a r t  o r  i t s  

equi v a l e n t  and not f o r  m a n u f a c t u r ing s o u r c e s  o r  Produc t s  

as a g r o u p .  Al l  such C o n f i d e n t i a l  I n f o r m a t i o n  provi d ed 

by S e l l e r  h e r e u n d e r  s h a l l  be complete i n  a l l  r e s p e c t s  

and c o n f o r m  to S e l l e r ' s  t h e n  c u r r e n t  manufacturing prac  

t i c e s .  As f u r t h e r  c o n s i d e r a t i o n  f o r  t h e  above p a yments ,  

S e l l e r  s h a l l  p r o v i d e  to Buyer o r  e a c h  m a n u f a c t u r i n g  

s o u r c e  f o r  e a c h  P r o d u c t  a  maximum of  ten ( l 0 )  working  

m a n-d a y s  of e n g i n e e r i n g  s e r v i c e  to a s s i s t  e a c h  s u c h  man 

ufacturing  source in the m a n u f a c t u r e  o f  e a c h  s u c h  
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P r o d u c t .  Such i n i t i a l  e n g i n e e r i n g  s e r v i c e s  w i l l  be p r o   

v i d e d  w i t h o u t  a d d i t i o n a l  c h a r g e  to any m a n u f a c t u r i n g  

s o u r c e  p r o v i d e d ,  h o w e v e r ,  Buyer w i l l  be l i a b l e  f o r  a l l  

t r a n s p o r t a t i o n  and l i v i n g  expenses  o f  the S e l l e r ' s  en  

g i n e e r s  w i t h o u t  the c o n t i n e n t a l  United  S t a t e s .  F u r t h e r ,  

any a d d i t i o n a l  e n g i n e e r i n g  s e r v i c e s  in excess  o f  the ten 

( 1 0 )  w o r k i n g  man-days r e q u i r e d  by any such m a n u f a c t u r i n g  

s o u r c e  s h a l l  be b i l l e d  at a  r a t e  of $ 7 5  per hour  plus  

t r a n s p o r t a t i o n  and l i v i n g  e x p e n s e s .  S e l l e r ' s  e n g i n e e r s  

shall  be under the d i r e c t i o n  and c o n t r o l  of the B u y e r ' s  

e n g i n e e r i n g  department w h i l e  r e n d e r i n g  such e n g i n e e r i n g  

s e r v i c e s .  

( i i )  Buyer hereby g r a n t s  to S e l l e r  the r i g h t  to manufac  

t u r e  f o r  Buyer any o r  a l l  p a r t s  developed by Buyer  o r  

i t s  m a n u f a c t u r i n g  s o u r c e  p u r s u a n t  to t h i s  subparagraph .  

I f  S e l l e r  elects  to manufacture  any such p a r t s ,  i t  s h a l l  

so n o t i f y  Buyer and Buyer s h a l l  provide to the S e l l e r  

a l l  of the relevant  t e c h n i c a l  i n f o r m a t i o n  as set f o r t h  

in E x h i b i t  F ( 3 )  and ( 4 )  and provide  to S e l l e r  a  maximum 

of ten  ( 1 0 )  w o r k i n g  man-days of engineering  s e r v i c e  f o r  

each Product  p a r t .  All  such technical  i n f o r m a t i o n  pro  

vided by Buyer h e r e u n d e r  s h a l l  be complete i n  a l l  r e   

spects  and c o n f o r m  to B u y e r ' s  then c u r r e n t  m a n u f a c t u r i n g  

s p e c i f i c a t i o n s .  In c o n s i d e r a t i o n  for  w h i c h ,  S e l l e r  

shall  pay Buyer  $ 2 0 , 0 0 0  per Product part per manufactur  

ing s o u r c e  and the r o y a l t i e s  s e t  f o r t h  in E x h i b i t  F  

based on the s e l l i n g  p r i c e  o f  the p a r t  between S e l l e r  
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and B u y e r .  

( e )  In  a s s o c i a t i o n  w i t h  or  in  a d d i t i o n  to the p r o v i s i o n s  of 

Paragraph  1 2 ( c )  and at i t s  sole  expense and l i a b i l i t y ,  Buyer  may 

at  any time d u r i n g  the term  of  t h i s  Agreement  or  upon t e r m i n a t i o n  

of t h i s  Agreement as provided  in Paragraph  1 5  e s t a b l i s h  a  manu  

f a c t u r i n g  s o u r c e  for  any or a l l  of  the Products  ( o r  o t h e r  p a r t s  

whether or  not e q u i v a l e n t  in f o r m ,  f i t  or  function  to the P r o   

ducts )  independent of  the S e l l e r ' s  tooling  but  u t i l i z i n g  l e s s  

than a s u b s t a n t i a l  p o r t i o n  of S e l l e r ' s  C o n f i d e n t i a l  I n f o r m a t i o n .  

In such e v e n t ,  Buyer and S e l l e r  shall  negotiate  in good f a i t h  to 

d e t e r m i n e :  ( i )  the amount of c o n s i d e r a t i o n ,  including both lump 

sum and r o y a l t i e s ,  Buyer shall  pay S e l l e r  f o r  the use  of S e l l e r ' s  

Confidential  I n f o r m a t i o n .  Such royalty ,  i f  payable,  w i l l  bear  a  

d i r e c t  r e l a t i o n  to the r a t i o  of  C o n f i d e n t i a l  Information  used  to 

the total  technical  information  used in developing the Product  

measured against  the royalty schedule s e t  f o r t h  in E x h i b i t  F ;  and 

( i i )  the extent to which Seller  shall  provide  f u r t h e r  technical  

information  and a s s i s t a n c e  to Buyer o r  the manufacturing  s o u r c e .  

F u r t h e r ,  Buyer hereby grants  to S e l l e r  the r i g h t  to manufacture  

for Buyer any or a l l  parts  developed by Buyer or  i t s  manufactur  

ing source pursuant  to t h i s  subparagraph.  I f  S e l l e r  e l e c t s  to 

manufacture  any such p a r t s ,  it  shall  so n o t i f y  Buyer  and Buyer  

shall provide  to the S e l l e r  a l l  of the relevant  t e c h n i c a l  i n f o r   

mation as s e t  f o r t h  in E x h i b i t  F ( 3 )  and ( 4 )  and p r o v i d e  to S e l l e r  

a  maximum of ten ( 1 0 )  w o r k i n g  man-days of e n g i n e e r i n g  s e r v i c e  for  

each Product  p a r t .  All such technical  information  provided  by 

Buyer hereunder  shall  be complete in a l l  respects  and conform  to 
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B u y e r ' s  then c u r r e n t  manufacturing  s p e c i f i c a t i o n s .  In c o n s i d e r a   

tion  for  w h i c h ,  S e l l e r  shall  pay Buyer $ 2 0 , 0 0 0  per Product  p a r t  

per  m a n u f a c t u r i n g  s o u r c e  and the r o y a l t i e s  set  forth  in  E x h i b i t  F  

based on the s e l l i n g  p r i c e  of the p a r t  between S e l l e r  and B u y e r .  

( f )  Any 40K  c a r t r i d g e  ROM p a r t  manufactured  for  B u y e r ' s  I n   

t e l l i v i s i o n  system which does  not u t i l i z e  S e l l e r ' s  C o n f i d e n t i a l  

I n f o r m a t i o n ,  including by way of example,  the ROM manufactured  by 

American  M i c r o s y s t e m s ,  I n c .  under mask set  number Madiera  9 3 9 7 ,  

shall  be s p e c i f i c a l l y  excluded from  the operation  of  Paragraphs  

1 2 ( d )  and ( e ) .  

( g )  S e l l e r  r e p r e s e n t s  that it  has the r i g h t  to s e l l  and Buy 

er acknowledges  that Seller  may s e l l  to t h i r d  p a r t i e s  the Pro  

ducts  ( o r  other  parts  whether or  not equivalent  in f o r m ,  f i t  and 

function )  provided that Seller  does not use or  d i s c l o s e  B u y e r ' s  

Confidential  Information  or  v i o l a t e  any other  of  B u y e r ' s  property 

r i g h t s .  S e l l e r  w i l l  handle all  o r d e r s  and d e l i v e r i e s  for  the 

P r o d u c t s ,  whether by Buyer or  any t h i r d  p a r t y ,  in accordance  w i t h  

S e l l e r ' s  standard order  and d e l i v e r y  p o l i c i e s  and p r a c t i c e s .  

S p e c i f i c a l l y ,  S e l l e r  w i l l  not give  p r e f e r e n c e  or  p r i o r i t y  to o r   

d e r s  or d e l i v e r i e s  of any t h i r d  party  for  the Products  to the 

detriment  of o r d e r s  or  d e l i v e r i e s  of Buyer for  the P r o d u c t s .  

( h )  Except for  the p r o v i s i o n s  of Paragraph  21 with  respect 

to patent i n d e m n i f i c a t i o n  and Paragraph l 2 ( a ) ,  S e l l e r  shall  not  

be r e s p o n s i b l e  or  l i a b l e  to anyone ,  including  B u y e r ,  for  the Pro  

ducts  manufactured  by any second s o u r c e  or manufacturing  s o u r c e  

under  t h i s  A g r e e m e n t .  

( i )  In the event a second source  or  manufacturing  s o u r c e  i s  
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e s t a b l i s h e d  p u r s u a n t  to subparagraphs  ( a )  through  ( e )  of t h i s  

Paragraph  1 2 ,  the Buyer  or  S e l l e r  w i l l  secure  f r o m  each second  

source  or m a n u f a c t u r i n g  s o u r c e  a  w r i t t e n  o b l i g a t i o n  to protect  

the C o n f i d e n t i a l  I n f o r m a t i o n  ( a s  d e f i n e d  in Paragraph  1 6  h e r e o f )  

of  the p a r t i e s  and to observe  and p e r f o r m  the necessary  legal  re  

q u i r e m e n t s  to i n d i c a t e  and p r o t e c t  the trade  s e c r e t ,  t r a d e m a r k ,  

copyright  and patent  r i g h t s  of  the p a r t i e s  in and to the  Pro-  

d u c t s .  I f  the requirements  of the preceding  sentence a r e  adhered  

t o ,  Buyer and S e l l e r  shall not make  any c l a i m  o r  i n i t i a t e  any ac 

t i o n  alleging  that such second source  or manufacturing  source  has 

violated  a  trade s e c r e t ,  t r a d e m a r k ,  patent  or  copyright  of the 

Buyer or  S e l l e r  with  respect to the P r o d u c t s .  

1 3 .  Q u a l i t y .  

( a )  In the event of r e c u r r i n g  f a i l u r e s  of the Products  to 

meet the S p e c i f i c a t i o n s  for the same or s i m i l a r  reasons  or for  

n o n - c o r r e l a t i o n  of  test  d a t a ,  the quality  control  o r g a n i z a t i o n s  

of Buyer and S e l l e r  shall  c o n f e r  with  respect to i d e n t i f i c a t i o n  

of the cause  or c a u s e s  of  such f a i l u r e s  and a p p r o p r i a t e  c o r r e c   

tive  action  which might  be t a k e n .  

( b )  In a d d i t i o n  to any test  provided  h e r e i n ,  Buyer  may re  

quest Seller  to provide  data showing compliance w i t h  the t e s t s  in 

Exhibit  D .  In a d d i t i o n ,  Buyer may perform  a d d i t i o n a l  product  

q u a l i f i c a t i o n  t e s t i n g  u s i n g  E x h i b i t  D a s  the b a s i s  for  such t e s t   

i n g .  Buyer may communicate the r e s u l t s  o f  such t e s t i n g  to S e l l e r  

and,  upon the w r i t t e n  request  of  e i t h e r  p a r t y ,  the q u a l i t y  con  

t r o l  o r g a n i z a t i o n s  of  Buyer and S e l l e r  shall  meet to d i s c u s s  such  

r e s u l t s  and implement such a c t i o n  as they may deem a p p r o p r i a t e .  
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S e l l e r  s h a l l  t a k e  c o r r e c t i v e  a c t i o n  w i t h i n  a  r e a s o n a b l e  t i m e  f o r  

any f a i l u r e  to p e r f o r m  o r  meet the s t a n d a r d s  of the t e s t s  p r o   

vided  in E x h i b i t  D ,  but  Buyer  s h a l l  have no r i g h t  o f  r e j e c t i o n  

for Products  already  p r o d u c e d .  

( c )  S e l l e r  shall  p e r f o r m  p e r i o d i c  t e s t s  on the P r o d u c t s  a s  

d e f i n e d  in E x h i b i t  G  attached  at i t s  Chandler  and K a o h s i u n g  f a   

c i l i t i e s .  S e l l e r  s h a l l  m a i n t a i n  a c c u r a t e  r e c o r d s  o f  such  t e s t s  

and shall  r e p o r t  t h e i r  r e s u l t s  at p e r i o d i c  m e e t i n g s  w i t h  the Buy 

e r .  At B u y e r ' s  r e q u e s t ,  S e l l e r  w i l l  p r o v i d e  d a t a  on a weekly  

b a s i s  r e s u l t i n g  from the t e s t s  p e r f o r m e d .  I f  any d e v i c e  in the 

Game S e t  f a i l s  to meet the 0 . 5 %  per  item f a i l u r e  r a t e  on a  con  

t i n u a l  b a s i s ,  Seller  w i l l ,  at no c o s t  to B u y e r ,  p r o v i d e  a d d i t i o n   

al t e s t / b u r n - i n  guardbands  f o r  such d e v i c e .  

( d )  S e l l e r  and Buyer shall work  c o o p e r a t i v e l y  on a  quality  

and r e l i a b i l t y  improvement program a s  documented in E x h i b i t  H a n d  

as m o d i f i e d  by mutual agreement  f r o m  time to t i m e .  The S e l l e r  

and Buyer shall  meet p e r i o d i c a l l y ,  but not less  than once every 

sixty ( 6 0 )  d a y s ,  to review the status  of the a c t i o n s  d e s c r i b e d  i n  

E x h i b i t  H .  

l 4 .  C o n t i n g e n c i e s .  

S e l l e r  s h a l l  not be l i a b l e  for  any delay in performance  o r  

for  non-performance ,  in whole o r  in p a r t ,  caused  by the o c c u r   

r e n c e  of any contingency beyond S e l l e r ' s  c o n t r o l ,  i n c l u d i n g ,  

without  l i m i t i n g  the g e n e r a l i t y  of the f o r e g o i n g ,  war  ( w h e t h e r  an 

actual d e c l a r a t i o n  thereof  i s  made o r  n o t ) ,  s a b o t a g e ,  i n s u r r e c   

t i o n ,  r i o t  or other  act of c i v i l  d i s o b e d i e n c e ,  act o f  p u b l i c  e n   

emy, f a i l u r e  or delay in t r a n s p o r t a t i o n ,  act of any g o v e r n m e n t ,  
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agency or s u b d i v i s i o n  t h e r e o f  d i r e c t l y  a f f e c t i n g  the t e r m s  o f  

t h i s  Agreement ,  j u d i c i a l  d e c i s i o n  o r  o r d e r ,  labor d i s p u t e ,  a c c i   

d e n t ,  f i r e ,  e x p l o s i o n ,  f l o o d ,  s t o r m  o r  o t h e r  act of G o d ,  o r  

s h o r t a g e  of l a b o r ,  f u e l ,  s u p p l i e s ,  m a t e r i a l s  o r  shortage  o f  the 

Products  due to c a t a s t r o p h i c  y i e l d  l o s s .  Any such d e l a y s  s h a l l  

excuse S e l l e r  from timely p e r f o r m a n c e ,  and S e l l e r ' s  time  f o r  p e r   

formance s h a l l  be extended for  a  p e r i o d  a f t e r  the c e s s a t i o n  o f  

the excused c a u s e  equal to the p e r i o d  o f  the d e l a y ,  provided that  

S e l l e r  has made a l l  reasonable  e f f o r t s  to c u r e  such excused c a u s e  

and to m i n i m i z e  such d e l a y .  I f  any such delay s h a l l  c o n t i n u e  f o r  

a  p e r i o d  o f  f o r t y - f i v e  ( 4 5 )  consecutive  c a l e n d a r  d a y s ,  Buyer m a y ,  

upon n o t i c e  to S e l l e r ,  c a n c e l ,  w i t h o u t  c o s t  o r  p e n a l t y ,  the quan 

t i t y  or any p o r t i o n  t h e r e o f ,  o f  the Products which have not  been 

shipped w i t h i n  f o r t y - f i v e  ( 4 5 )  days o f  the acknowledged scheduled 

shipping d a t e ,  provided such Products  have not been shipped at 

the date of such c a n c e l l a t i o n  n o t i c e .  In the event o f  such can-  

c e l l a t i o n ,  the minimum and cumulative  amounts s e t  f o r t h  i n  Ex 

h i b i t  C  shall  be reduced by the quantity  so cancelled .  The Sel  

l e r  w i l l  prepare  and forward to Buyer a r e v i s e d  E x h i b i t  C  w i t h i n  

ten ( 1 0 )  days a f t e r  r e c e i p t  of the B u y e r ' s  c a n c e l l a t i o n ,  w h i c h  

r e v i s e d  E x h i b i t  C  w i l l  supersede  the p r i o r  E x h i b i t  C  and w i l l  be 

b i n d i n g  on the p a r t i e s  in accordance  w i t h  Paragraph  2 7 .  B u y e r ' s  

r i g h t  of c a n c e l l a t i o n  h e r e u n d e r  shall  not be applicable  to any 

q u a n t i t i e s  of the Products  in a r r e a r s  p r i o r  to the o c c u r r e n c e  o f  

any c o n t i n g e n c y ,  in which  c a s e  B u y e r ' s  r i g h t s ,  i f  any,  u n d e r  

Paragraph 1 0  s h a l l  apply. F u r t h e r ,  B u y e r ' s  r i g h t  of c a n c e l l a t i o n  

hereunder  shall terminate  t h i r t y  ( 3 0 )  days a f t e r  the complete 
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c e s s a t i o n  o f  each contingency that may o c c u r .  In the e v e n t  o f  

s h o r t a g e s  of m a t e r i a l ,  labor  o r  c a p a c i t y ,  S e l l e r  may a l l o c a t e  

p r o d u c t i o n  and d e l i v e r i e s  e q u i t a b l y  among S e l l e r ' s  c u s t o m e r s .  

1 5 .  T e r m i n a t i o n .  

( a )  S e l l e r  may t e r m i n a t e  i t s  o b l i g a t i o n s  h e r e u n d e r  to s e l l  

P r o d u c t s  i n  accordance w i t h  Paragraph 5  and Buyer may t e r m i n a t e  

i t s  o b l i g a t i o n  to p u r c h a s e  P r o d u c t s  p u r s u a n t  to Paragraph 5 ,  in  

each i n s t a n c e ,  by the party d e s i r i n g  to t e r m i n a t e  g i v i n g  the o t h   

er  party at least t h i r t y  ( 3 0 )  d a y s '  p r i o r  w r i t t e n  n o t i c e  of such 

intent  to t e r m i n a t e .  

( b )  In the event  of a t e r m i n a t i o n  in accordance w i t h  P a r a   

g r a p h  l 5 ( a ) ,  S e l l e r  s h a l l  be o b l i g a t e d  to manufacture  and s h i p  

and Buyer s h a l l  be obligated to purchase  and accept the acknow 

ledged shipment schedule quantity  o f  the Products  at the e f f e c   

t i v e  date  o f  t e r m i n a t i o n  including  any q u a n t i t i e s  o f  Products  in 

a r r e a r s  on such d a t e .  

( c )  I n  l i e u  of the o b l i g a t i o n  o f  Buyer a s  s p e c i f i e d  in the 

preceding  p a r a g r a p h ,  Buyer may elect  in the t e r m i n a t i o n  n o t i c e  to 

S e l l e r ,  to pay termination  c h a r g e s  equal  to a l l  c o s t s  ( i n c l u d i n g  

d i r e c t  l a b o r ,  d i r e c t  m a t e r i a l  and d i r e c t l y  r el a t e d  m a nu fa c t u ri ng  

overhead c o s t s ,  but  excluding S e l l e r ' s  development c o s t s )  in 

c u r r e d  and committed for all  raw m a t e r i a l s  and goods in p r o c e s s  

at the date of the notice of t e r m i n a t i o n .  Buyer m a y ,  at i t s  op 

t i o n  and expense,  request that a l l  such t e r m i n a t i o n  c h a r g e s  be 

v e r i f i e d  by A r t h u r  Young & Company, p r o v i d e d ,  however ,  that any 

information disclosed  by S e l l e r  to Arthur Young & Company s h a l l  
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be deemed c o n f i d e n t i a l  and s h a l l  not be d i s c l o s e d  to B u y e r .  

( d )  T e r m i n a t i o n  p u r s u a n t  to t h i s  P a r a g r a p h  1 5  s h a l l  not  a f   

f e c t  the r i g h t s  o r  o b l i g a t i o n s  of the p a r t i e s  u n d e r  P a r a g r a p h s  9 ,  

1 2 ,  1 6 ,  1 7 ,  1 9 ,  2 0 ,  2 l ,  2 3 ,  2 4 ,  2 5  and 2 7  of t h i s  A g r e e m e n t .  

1 6 .  C o n f i d e n t i a l  I n f o r m a t i o n  and N o n - D i s c l o s u r e .  

The p a r t i e s  h e r e t o  acknowledge that  c e r t a i n  o f  the i n f o r m a   

t i o n  provided o r  to be provided in c o n n e c t i o n  w i t h  the p e r f o r   

mance of t h i s  Agreement s h a l l  be deemed to be c o n f i d e n t i a l ,  s e   

c r e t  and/or p r o p r i e t a r y  ( c o l l e c t i v e l y  " C o n f i d e n t i a l  I n f o r m a t i o n " )  

by the d i s c l o s i n g  p a r t y .  C o n f i d e n t i a l  I n f o r m a t i o n  s h a l l  mean any 

and a l l  technical  information  and o t h e r  information  r e g a r d i n g  the 

m a r k e t i n g  plans and s t r a t e g y ,  f i n a n c i a l  a f f a i r s ,  b u s i n e s s ,  p r o   

c e s s e s ,  a p p a r a t u s ,  d e s i g n  and manufacture  o f  p r o d u c t s ,  re  

s e a r c h e s ,  r e s e a r c h  programs and the l i k e ,  now o r  h e r e a f t e r  in the 

p o s s e s s i o n  o f  e i t h e r  party  i n c l u d i n g ,  w i t h o u t  l i m i t a t i o n ,  docu 

m e n t s ,  data  or i n f o r m a t i o n  r e l a t i n g  to d e v i c e s ,  p r o c e s s e s ,  meth 

o d s ,  m a t e r i a l s ,  a p p a r a t u s ,  d e s i g n ,  r e s e a r c h ,  y i e l d s  and s p e c i f i   

c a t i o n s .  All C o n f i d e n t i a l  I n f o r m a t i o n  s h a l l  be c l e a r l y  m a r k e d  

" C o n f i d e n t i a l "  and so communicated to the r e c e i v i n g  p a r t y .  Re 

c i p i e n t  acknowledges that the C o n f i d e n t i a l  I n f o r m a t i o n  i s  a  u n i   

que and valuable  a s s e t  to the d i s c l o s i n g  p a r t y .  In c o n s i d e r a t i o n  

of the d i s c l o s u r e  of any C o n f i d e n t i a l  I n f o r m a t io n  the p a r t i e s  

agree  as f o l l o w s :  

( a )  Except as o t h e r w i s e  provided  in Paragraph 1 2  h e r e o f ,  the 

r e c i p i e n t  shall  not d i s c l o s e  at any time and s h a l l  u s e  i t s  b e s t  

e f f o r t s  to prevent  i t s  o f f i c e r s ,  employees o r  agents  from d i s   

c l o s i n g  at any t i m e ,  appropriating  o r  u s i n g  on i t s  own behalf  or  
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on the behalf  of  o t h e r s ,  any C o n f i d e n t i a l  I n f o r m a t i o n ,  without  in 

each instance f i r s t  o b t a i n i n g  the d i s c l o s i n g  p a r t y ' s  w r i t t e n  con 

sent  t h e r e t o .  The r e c i p i e n t  shall  r e s t r i c t  the c i r c u l a t i o n  o f  

C o n f i d e n t i a l  I n f o r m a t i o n  to the same extent  the r e c i p i e n t  r e   

s t r i c t s  i t s  own p r o p r i e t a r y  i n f o r m a t i o n .  Any C o n f i d e n t i a l  I n f o r   

mation  which shall  be c i r c u l a t e d  to employees of  the r e c i p i e n t  

shall  bear a legend to the e f f e c t  that  the i n f o r m a t i o n  c o n t a i n e d  

t h e r e i n  is p r o p r i e t a r y  to the d i s c l o s i n g  party and that  such in  

formation  s h a l l  not be disclosed  to o t h e r  p e r s o n s .  The r e c i p i e n t  

f u r t h e r  a g r e e s  to r e t u r n  to the d i s c l o s i n g  p a r t y ,  upon w r i t t e n  

r e q u e s t ,  all  such documents or  o t h e r  embodiments of any Confiden  

t i a l  I n f o r m a t i o n .  

( b )  The r e c i p i e n t  shall  not be obligated  to m a i n t a i n  the 

c o n f i d e n t i a l i t y  of any C o n f i d e n t i a l  Information  that the recip  

ient  can s h o w :  

( i )  I s  required  to be d i s c l o s e d  by j u d i c i a l  d e c i s i o n  or  o r -  

der  a f t e r  a l l  reasonable  legal remedies  to m a i n t a i n  the 

c o n f i d e n t i a l i t y  of  such information  have been e x h a u s t e d ;  or  

( i i )  Is  or becomes part  of  the public domain through  no 

fault  of r e c i p i e n t  and only a f t e r  it  becomes part  o f  the pub- 

lie  d o m a i n .  It  being understood that any C o n f i d e n t i a l  I n f o r   

mation  s h a l l  not be deemed to be in the public  domain merely 

because it is  embraced by more g e n e r a l  i n f o r m a t i o n  which  may 

be in the public  domain;  or  

( i i i )  Is  known to the r e c i p i e n t  or  any o f  i t s  s u b s i d i a r i e s  

p r i o r  to d i s c l o s u r e ;  or  
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( i v )  I s  a p p r o v e d  i n  w r i t i n g  f o r  p u b l i c  r e l e a s e  by t h e  d i s   

c l o s i n g  p a r t y ;  o r  

( v )  I s  s u b s e q u e n t l y  r i g h t f u l l y  o b t a i n e d  by the r e c i p i e n t  o r  

any o f  i t s  s u b s i d i a r i e s  f r o m  a  t h i r d  p a r t y ;  o r  

( v i )  I s  i n d e p e n d e n t l y  d e v e l o p e d  by the r e c i p i e n t  o r  any o f  

i t s  s u b s i d i a r i e s  w i t h o u t  any b r e a c h  of t h i s  A g r e e m e n t .  

( c )  The d i s c l o s i n g  p a r t y ,  w i t h o u t  l i m i t a t i o n  to any o t h e r  

r e m e d i e s  a t  law a v a i l a b l e  to i t ,  s h a l l  be e n t i t l e d  to a p p r o p r i a t e  

e q u i t a b l e  o r  i n j u n c t i v e  r e l i e f  i n  r e s p e c t  to any b r e a c h  o r  a n t i   

c i p a t o r y  b r e a c h  o f  t h i s  P a r a g r a p h  1 6  o r  P a r a g r a p h  1 2 ( g ) ,  w i t h o u t  

the n e c e s s i t y  of p r o v i n g  d a m a g e s .  

( d )  The p r o v i s i o n s  o f  t h i s  P a r a g r a p h  1 6  s h a l l  s u r v i v e  any 

t e r m i n a t i o n  o r  c o m p l e t i o n  o f  t h i s  A g r e e m e n t  and s h a l l  r e m a i n  i n  

f u l l  f o r c e  and e f f e c t  for two ( 2 )  y e a r s  a f t e r  the d a t e  o f  s u c h  

t e r m i n a t i o n  o r  c o m p l e t i o n  except t h a t  a l l  s o f t w a r e  c o d e s  d e   

veloped by o r  f o r  t h e  Buyer i n  o r  for the P r o d u c t s  s h a l l  be cov 

e r e d  by s a i d  p r o v i s i o n s  i n d e f i n i t e l y .  

( e )  A l l  s o f t w a r e  ROM c o d e s  p r o v i d e d  by B u y e r  a r e  c o n s i d e r e d  

p r o p r i e t a r y  to B u y e r  and s h a l l  not be d i s c l o s e d  o r  s o l d  to o t h e r  

p a r t i e s  w i t h o u t  B u y e r s ' s  p r i o r  w r i t t e n  p e r m i s s i o n .  T h e s e  ROM 

codes i n c l u d e ,  b u t  a r e  not l i m i t e d  t o ,  p a r t  n u m b e r s  R 0 - 3 - 9 5 0 2   

0 1 1 ,  R 0 - 3 - 9 5 0 3 - 0 0 3 ,  R 0 - 3 - 9 5 0 4 - 0 2 1  o r  t h e i r  r e v i s e d  o r  r e p l a c e m e n t  

p a r t  n u m b e r s .  

( f )  S e l l e r  s h a l l  m a n ufacture  R 0 - 3 - 9 5 0 5 - 3 X X  4 0 K  ROM, M a s k  

Number 3 2 0 4 6 ,  e x c l u s i v e l y  f o r  B u y e r .  P r i o r  to the ti m e  S e l l e r  

m a n u f a c t u r e s  and s h i p s  g o o d s  u t i l i z i n g  s a i d  ROM M a s k  Number to 

t h i r d  p a r t i e s  o t h e r  than B u y e r ,  S e l l e r  w i l l  r e fun d  to B u y e r  
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$ 3 8 , 0 0 0 . 0 0  which  Buyer  paid  to S e l l e r  as  a  p a r t i a l  development 

c h a r g e  for  s a i d  ROM Mask N u m b e r .  

1 7 .  P u b l i c i t y .  

Seller  shall  submit  to Buyer a l l  a d v e r t i s i n g ,  s a l e s  p r o m o t i o n  

m a t e r i a l s ,  p r e s s  r e l e a s e s  and other  p u b l i c i t y  m a t t e r s  r e l a t i n g  to 

the Products  f u r n i s h e d  or the s e r v i c e s  performed by S e l l e r  under  

this  A g r e e m e n t ,  w h e r e i n  the name of Buyer is  mentioned  or  lan  

guage from which the connection  of  s a i d  name t h e r e w i t h  may be in  

f e r r e d  or implied ;  and S e l l e r  shall  not p u b l i s h  or  use  such  ad  

v e r t i s i n g ,  s a l e s  promotion m a t e r i a l s ,  p r e s s  r e l e a s e s ,  o r  o t h e r  

p u b l i c i t y  m a t t e r s  w i t h o u t  B u y e r ' s  p r i o r  w r i t t e n  approval .  Buyer  

shall  not make or issue  any public  s t a t e m e n t ,  whether o r a l  o r  

w r i t t e n ,  with  respect to S e l l e r ' s  p r i c e s ,  performance o r  quality  

hereunder  w i t h o u t  S e l l e r ' s  p r i o r  w r i t t e n  approval .  

1 8 .  Program Management.  

Seller  shall appoint and m a i n t a i n  throughout  the Agreement  

term a  program manager  with  complete r e s p o n s i b i l i t y  for  the pro  

duction  implementation of  B u y e r ' s  program.  T h i s  manager shall  be 

a f u l l - t i m e  r e s i d e n t  at  the Chandler  f a c i l i t y  with  p r i m a r y  re  

s p o n s i b i l i t y  for  those m a t t e r s  r e l a t i n g  to the production  sche 

dule  for the P r o d u c t s .  

1 9 .  L i m i t a t i o n  of  L i a b i l i t y .  

In no event shall  e i t h e r  party be l i a b l e  to one another  or  

any t h i r d  party for  d i r e c t ,  i n d i r e c t ,  i n c i d e n t a l ,  special  or  con  

s e q u e n t i a l  damages or  expenses f o r :  ( a )  breach  of  any of the pro  

v i s i o n s  of t h i s  Agreement ;  and ( b )  the purchase  and u s e  of  the 

P r o d u c t s .  Without  l i m i t i n g  the g e n e r a l i t y  of the f o r e g o i n g ,  such 
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excluded damages or  expenses  shall  include  c o s t s  of  removal and 

i n s t a l l a t i o n  of  the P r o d u c t s ,  loss  of  g o o d w i l l ,  loss  of p r o f i t s  

or loss  of  u s e .  All remedies  provided  in t h i s  Agreement  s h a l l  be 

deemed to be the sole and exclusive  remedies  of  the party  having  

a  r i g h t  to invoke  the same f o r  the a c t s ,  d e f a u l t s ,  b r e a c h e s ,  ev 

ents or  causes  for  which such remedies  a r e  p r o v i d e d ,  except  as 

o t h e r w i s e  expressly  provided h e r e i n .  

2 0 .  Patent  Indemnity .  

( a )  S e l l e r  shall  indemnify and hold Buyer and any second 

source or manufacturing source  e s t a b l i s h e d  pursuant  to Paragraph  

1 2  hereof  harmless from any s u i t  or  proceeding  brought  a g a i n s t  

Buyer to the extent that such s u i t  or  proceeding  is  based on a 

claim  that the process  u t i l i z e d  by S e l l e r  to manufacture  the  Pro  

ducts  or that the c i r c u i t  layout of the Products  c o n s t i t u t e s  a  

d i r e c t  or c o n t r i b u t o r y  infringement  of  any valid  United  S t a t e s  

t r a d e m a r k ,  copyright  or p a t e n t .  

( b )  Buyer shall  indemnify and hold S e l l e r  h a r m l e s s  from  any 

s u i t  or proceeding b r o u g h t  against  S e l l e r  to the extent  that such  

s u i t  is  based on a c l a i m  that the use of the Products  o r  B u y e r ' s  

end product c o n s t i t u t e s  a  d i r e c t  or c o n t r i b u t o r y  i n f r i n g e m e n t  of  

any valid United  S t a t e s  trademark ,  copyright  or p a t e n t .  

( c )  In the event of e i t h e r  ( a )  or  ( b )  above,  the indemnify 

ing party shall  pay all  damages and c o s t s  awarded by f i n a l  judg  

ment ( f r o m  which no further  appeal may be t a k e n )  a g a i n s t  the in  

demnified  p a r t y ,  provided  that the indemnifying party ( i )  i s  

promptly informed and furnished  a  copy of each communication ,  no 

tice  or other  action  relating  to the alleged i n f r i n g e m e n t ,  ( i i )  
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is  g i v e n  a u t h o r i t y ,  i n f o r m a t i o n  and a s s i s t a n c e  n e c e s s a r y  to de 

fend or settle  such  s u i t  or  proceeding  in  such manner as  the in  

demnifying  p a r t y  shall d e t e r m i n e ,  and ( i i i )  i s  g i v e n  sole  c o n t r o l  

of the d e f e n s e  ( i n c l u d i n g  the r i g h t  to s e l e c t  c o u n s e l ) ,  and the  

sole  r i g h t  to compromise and s e t t l e  such s u i t  or  p r o c e e d i n g .  

THE FOREGOING STATES THE SOLE AND EXCLUSIVE LIABILITY OF THE 

PARTIES HERETO FOR INFRINGEMENT OR THE LIKE OF PATENTS, TRADE 

MARKS AND COPYRIGHTS,  WHETHER DIRECT OR CONTRIBUTORY, AND rs  IN 

LIEU OF ALL WARRANTIES, EXPRESS,  IMPLIED OR STATUTORY IN REGARD 

THERETO, INCLUDING, WITHOUT LIMITATION,  THE WARRANTY AGAINST IN 

FRINGEMENT SPECIFIED IN THE UNIFORM COMMERCIAL CODE .  

2 l .  N o t i c e s .  

All n o tices  or  communications  r e q u i r e d ,  p e rmitted  or  contem 

plated by t h i s  Agreement or d e s i r e d  to be given  h e r e u n d e r ,  s h a ll  

be in w r i t i n g  addressed  as follows and g i v e n  by c e r t i f i e d  or  reg  

i s t e r e d  m a i l ,  r e t u r n  receipt  r e q u e s t e d ,  or  by t ele x  and s h a l l  be 

deemed to be g i v e n  when r e c e i v e d :  

I f  to S e l l e r  t o :  General  Instrument  C o r p o r a t i o n  
M i c r o e l e c t r o n i c s  D i v i s i o n  
6 0 0  West John S t r e e t  
H i c k s v i l l e ,  New Y o r k  1 1 8 0 2  
A t t e n t i o n :  Jo Ann M e di g o v ich  

and w ith  r e s pect  to any notice  of d e f a u l t  o r  t e r m i n a t i o n ,  w i t h  a  

copy t o :  

a n d ,  if  to B u y e r  t o :  

G e n e r a l  I n s t r u m e n t  C o r p o r a t i o n  
3 2 0  W est  5 7 th  S t r e e t  
New Y o r k ,  New Y o r k  l 0 0 l 9  
A t t e n t i o n :  G e neral  Counsel 

Mattel ,  I n c .  
Mattel  E l e c t r o n i c s  D i v i s i o n  
5 1 5 0  Rosecrans  Avenue 
Ha wthorne,  C a l i f o r n i a  9 0 2 0 5  
A t t e n t i o n :  A n i t a  H o l l e n s e d  

Su b contracts  A d m i n i s t r a t o r  
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and,  w i t h  respect to any notice  of d e f a u l t  or  t e r m i n a t i o n ,  w i t h  a  

copy t o :  

2 2 .  A d m i n i s t r a t i o n .  

M a t t e l ,  I n c .  
5 1 5 0  Rosecrans  Avenue 
Hawthorne ,  C a l i f o r n i a  9 0 2 5 0  
A t t e n t i o n :  Law Department 

The a d m i n i s t r a t i o n  of  t h i s  Agreement s h a l l  be accomplished  

through Mattel  E l e c t r o n i c s ,  a  d i v i s i o n  of  M a t t e l  I n c . ,  having  a  

place of  b u s i n e s s  at  5 1 5 0  Rosecrans  Avenue ,  H a w t h o r n e ,  C a l i f o r n i a  

9 0 2 5 0 ,  USA. All day to day a d m i n i s t r a t i v e  and other  m a t t e r s  of a  

c o n t r a c t u a l  n a t u r e  w i l l  be c o o r d i n a t e d  and d i r e c t e d  by a s i n g l e  

r e p r e s e n t a t i v e  of Buyer and S e l l e r .  Buyer hereby  d e s i g n a t e s  

Karen  Meyers  as  i t s  r e p r e s e n t a t i v e .  Seller  hereby  d e s i g n a t e s  Jo 

Ann Medigovich  as its  r e p r e s e n t a t i v e .  Such r e p r e s e n t a t i v e s  may 

be changed at any time by notice  pursuant  to Paragraph 2 l .  Any 

changes ,  communications or d i r e c t i v e s  of an a d m i n i s t r a t i v e  n a t u r e  

given  by e i t h e r  party which are  not confirmed in w r i t i n g  by the 

above d e s i g n a t e d  r e p r e s e n t a t i v e s  s h a l l  not be binding  upon e i t h e r  

party .  

2 3 .  V a l i d i t y .  

The invalidity  in whole or in part  of  any term  o r  c o n d i t i o n  

of  t h i s  Agreement shall  not affect  the v a l i d i t y  of the r e s t  of 

t h i s  Agreement or any other  term or  c o n d i t i o n  h e r e i n .  

2 4 .  W a i v e r .  

The f a i l u r e  by e i t h e r  party  to e n f o r c e  at any time or  for  any 

p e r i o d  of time any of the p r o v i s i o n s  of t h i s  Agreement s h a l l  not 

c o n s t i t u t e  a  waiver  of such p r o v i s i o n s  or of  the r i g h t  of such 

party to enforce  each and every p r o v i s i o n .  
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2 5 .  Governing  Law .  

The v a l i d i t y ,  c o n s t r u c t i o n  and p e r f o r m a n c e  of  t h i s  Agreement  

and the t r a n s a c t i o n s  to which  it  r e l a t e s  s h a l l  be governed  by and 

c o n s t r u e d  under  the laws of the S t a t e  of  New Y o r k .  

2 6 .  A s s i g n m e n t .  

This  Agreement  is  binding upon and i n u r e s  to the b e n e f i t  of  

the p a r t i e s  h e r e t o  and the s u c c e s s o r s  and a s s i g n s  of  the e n t i r e  

b u s i n e s s  and goodwill  of  e i t h e r  S e l l e r  and Buyer o r  t h a t  p a r t  of 

the b u s i n e s s  of  e i t h e r  used in the performance  of the Agreement ,  

but shall  not be otherwise  assignable  w i t h o u t  the p r i o r  w r i t t e n  

consent  of the other  p a r t y .  Notwithstanding  the f o r e g o i n g ,  Buyer 

may r e q u i r e  S e l l e r  to ship the Products to B u y e r ' s  l i c e n s e e s  or  

s u b s i d i a r i e s  p r o v i d e d ,  however ,  that Buyer shall  remain  l i a b l e  

for  the p r i c e  of Products shipped to such licensees  or  s u b s i d i   

a r i e s .  Nothing in t h i s  Paragraph or  t h i s  Agreement s h a l l  i n u r e  

to the b e n e f i t  of or  be deemed to g i v e  r i s e  to any r i g h t s  in  any 

t h i r d  p a r t y ,  whether by operation of  law or  o t h e r w i s e ,  except as 

stated h e r e i n .  

2 7 .  M e r g e r .  

This  Agreement ,  including all  E x h i b i t s  h e r e t o ,  s h a l l  c o n s t i   

tute the f i n a l ,  complete and exclusive  w r i t t e n  e x p r e s s i o n  of  all  

terms of  the sale  and purchase of  the P r o d u c t s .  Except as  pro  

vided elsewhere  h e r e i n ,  this  w r i t i n g  shall supersede  a l l  p r e v i o u s  

c o mm u n i c a t i o n s ,  r e p r e s e n t a t i o n s ,  a g r e e m e n t s ,  p r o m i s e s  o r  state  

m e n t s ,  e i t h e r  o r a l  or  w r i t t e n ,  with  respect to the t r a n s a c t i o n s  

contemplated h e r e i n  and no such communications ,  r e p r e s e n t a t i o n s ,  

a g r e e m e n t s ,  promises  or  statements of any kind  made by e i t h e r  
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p a r t y  s h a l l  be b i n d i n g  on such p a r t y  and each p a r t y  h e r e b y  con  

f i r m s  that it i s  not r e l y i n g  upon any such c o m m u n i c a t i o n s ,  rep  

r e s e n t a t i o n s ,  a g r e e m e n t s ,  p r o m i s e s  o r  s t a t e m e n t s .  No a d d i t i o n  to 

or  m o d i f i c a t i o n s  o f  any p r o v i s i o n  of t h i s  Agreement o r  any Ex 

h i b i t  h e r e t o  s h a l l  be v a l i d  o r  b i n d i n g  u n l e s s  made in w r i t i n g  and 

s i g n e d  by the party  to be c h a r g e d .  

IN WITNESS WHEREOF, the p a r t i e s  h e r e t o  have c a u s e d  t h i s  

Agreement to be signed by t h e i r  r e s p e c t i v e  duly  a u t h o r i z e d  o f   

f i c e r s  as o f  the day and year  f i r s t  above w r i t t e n .  

MATTEL, I N C .  
Mattel  E l e c t r o n i c s  D i v i s i o n  

By ,------,,------ 
Joshua W .  Denham 
P r e s i d e n t  -  Mattel  
E l e c t r o n i c s  D i v i s i o n  

GENERAL INSTRUMENT CORP. 
M i c r o e l e c t r o n i c s  D i v i s i o n  

4£.. 
Senior  Vice P r e s i d e n t  

- 3 7   



E X H I B I T  A  

LIST OF PRODUCTS 
GAME SET 

D e s c r i p t i o n  

P a r t s  for  U . S .  V e r s i o n  
Game Set  

P a r t  #  CPS # Rev.  

P a r t s  f o r  PAL V e r s i o n  
Game Set  

Part  #  CPS # Re. 

CPU 
RAM 
STIC 
E x e c .  ROM-l 
E x e c .  ROM-2 
Graphics  ROM 
Color 
Sound 

C P 1 6 1 0  
RA39600  
A Y 3 8 9 0 0 - l  
R 0 3 9 5 0 2 - Y Y Y  
R 0 3 9 5 0 4 - 2 Z Z  
R 0 3 9 5 0 3 - 0 0 3  
A Y 3 8 9 1 5 - 0 0 l  
A Y 3 8 9 1 4  

1 0 0 3 6  F  
1 0 0 3 2  G  
1 0 0 3 7  F  
1 0 0 3 1  F  
1 0 0 4 0  F  
1 0 0 3 0  F  
1 0 0 3 5  F  
1 0 0 3 4  G  

C P - 1 6 l 0  1 0 0 3 6  F  
RA39600  1 0 0 3 2  G  
A Y 3 8 9 0 0  1 0 0 4 2  H  
R 0 3 9 5 0 2 - Y Y Y  1 0 0 3 l  F  
R 0 3 9 5 0 4 - Z Z Z  1 0 0 4 0  F  
R 0 3 9 5 0 3 - 0 0 3  1 0 0 3 0  F  

Not Applicable 
A Y 3 8 9 1 4  1 0 0 3 4  G  

Note 1 :  Executive  ROMs shall  have the following mask  p a t t e r n s :  

Standard  Version  
S e a r s  V e r s i o n  

yyy 

0 1 1  
0 2 5  

z z z  

0 2 1  
0 2 6  

Other  Executive  ROM patterns  may be d e f i n e d  from time to time in 
accord with  the p r o v i s i o n s  of  Paragraph  3  h e r e o f .  

P r i c e  of each Game Set  shall  b e :  

G . I .  

1st  5 2 5 K  
Next 525K  
Next 5 2 5 K  
Thereafter  

2 8 . 5 2  
2 7 . 0 0  
2 5 . 0 0  
2 3 . 5 0  

For purposes  of spare part  o r d e r s ,  r e p a i r s  and replacements ,  the 
value of individual  Game Set  P a r t s  shall  be determined  by u s i n g  
the following for mula :  

Game Part  %  of Game Set X Game Set P r i c e =  Game Part  P r i c e  

D e s c r i p t i o n  Part  #  %  of Game Set  

CPU C P 1 6 1 0  1 5 . 8  
RAM RA 3 9 6 0 0  2 0 . 3  
STIC-US A Y 3 8 9 0 0 - 1  1 9 . 3  
STIC-EUR A Y 3 8 9 0 0  2 2 . 8  
Exec.  ROM-l R 0 3 9 5 0 2 - Y Y Y  1 2 . 3  
E x e c .  ROM- 2 R 0 3 9 5 0 4 - 2 2 2  9 . 6  
Graphics  ROM R 0 3 9 5 0 3 - 0 0 3  9 . 6  
Color A Y 3 8 9 1 5 - 0 0 l  3 . 5  
Sound A Y 3 8 9 1 4  9 . 6  

A - l  



E X H I B I T  A  ( c o n t i n u e d )  

At such  time as  the E x e c .  ROM-l and Exec .  ROM-2 a r e  replaced by a 
s i n g l e  E x e c .  ROM, the l i s t  of Products  f o r  a  Game Set  s h a l l  become:  

P a r t s  for  U . S .  V e r s i o n  P a r t s  for  PAL V e r s i o n  
Game Set  Game Set  

D e s c r i p t i o n  P a r t  #  CPS # Rev .  Part  #  CPS # Rev. 

STIC A Y 3 8 9 0 0 - l  1 0 0 3 7  F  A Y 3 8 9 0 0  1 0 0 4 2  H  
CPU C P - 1 6 l 0  1 0 0 3 6  F  C P - 1 6 l 0  1 0 0 3 6  F  

RAM R A 3 9 6 0 0  1 0 0 3 2  G  R A 3 9 6 0 0  1 0 0 3 2  G  
Exec .  ROM R 0 3 9 5 0 6 - A A A  1 0 0 4 6  *  R 0 3 9 5 0 6 - A A A  1 0 0 4 6  
G r a p h i c s  ROM R 0 3 9 5 0 3 - 0 0 3  1 0 0 3 0  F  R 0 3 9 5 0 3 - 0 0 3  1 0 0 3 0  F  

Color A Y 3 8 9 1 5 - 0 0 l  1 0 0 3 5  F  Not Applicable 
Sound A Y 3 8 9 1 4  1 0 0 3 4  G  A Y 3 8 9 1 4  1 0 0 3 4  G  

*To be determined  at a later  d a t e .  
Note 2 :  Executive ROMs shall  have the following mask  p a t t e r n s :  

AAA 

Standard Version  
S e a r s  V e r s i o n  

TBD 
TBD 

Other Executive ROM patterns  may be d e f i n e d  from time to time in 
accord with  the p r o v i s i o n s  of Paragraph 3  h e r e o f .  

At that time ,  for  purposes of spare parts  o r d e r s ,  r e p a i r s  and re 
placements ,  the value of individual Game Set  P a r t s  s h a l l  be d e t e r   
mined by using  the following f o r m u l a :  

Game P a r t  %  of Game Set  X  Game Set  P r i c e =  Game Part  P r i c e  

D e s c r i p t i o n  

CPU 
RAM 
STIC-US 
STIC-EUR 
E x e c .  ROM 
Graphics  ROM 
Color  
Sound 

Part  #  

€ P l 6 l 0  
R A 3 9 6 0 0  
A Y 3 8 9 0 0 - 1  
A Y 3 8 9 0 0  
R 0 3 9 5 0 6 - A A A  
R 0 3 9 5 0 3 - 0 0 3  
A Y 3 8 9 1 5 - 0 0 l  
A Y 3 8 9 1 4  

A - 2  

%  of Game Set  

1 6 . 7  
2 1. 6  
2 0 . 6  
2 3 . 7  
1 7 . 6  
1 0 . 2  

3 . 1  
1 0 . 2  



E X H I B I T  A  ( c o n t i n u e d )  

CARTRIDGE SET 

D e s c r i p t i o n  

C a r t r i d g e  ROM ( 2 0 K )  
C a r t r i d g e  ROM ( 2 0 K )  

C a r t r i d g e  ROM ( 4 0 K )  

P a r t s  for  C a r t r i d g e  Set  
P a r t  #  

R 0 - 3 - 3 - 9 5 0 4 - 1 X X  
R 0 - 3 - 3 - 9 5 0 4 - 2 X X  

R 0 - 3 - 9 5 0 5 - 3 X X  

CPS # Rev.  

1 0 0 4 0  F  
1 0 0 4 0  F  

1 0 0 4 7  C  

" y "  is  a  number from O t o  9  a s s i g n e d  to i d e n t i f y  s p e c i f i c  
C a r t r i d g e  P a r t  c o d e s .  

P r i c e s  of  C a r t r i d g e  Sets  or  P a r t s  shall  be as f o l l o w s :  

Quantity  
( i n  20K  Sets  or  4 0 K  P a r t s )  

F i r s t  2 . 2  m i l l i o n  
Next 2 . l  m i l l i o n  
Next 2 . l  m i l l i o n  
Next 2 . l  m i l l i o n  
T h e r e a f t e r  

P r i c e s  
( P e r  20K  Set or  4 0 K  P a r t )  

$ 3 . 0 0  
2 . 8 0  
2 . 5 0  
2 . 4 0  
2 . 3 0  

For purposes of individual  c a r t r i d g e  part  p r i c i n g ,  the value  of  
each 20K  C a r t r i d g e  ROM shall  be equal to 5 0 %  of the value of a 
C a r t r i d g e  S e t .  P r i c i n g  for  mixed C a r t r i d g e  S e t s  ( i . e . ,  one 20K  
Part  and one 4 0 K  Part )  w i l l  be equal to 1 5 0 %  of  the above applic 
able p r i c e .  

Note 3 :  Game P a r t s  to be shipped in matched s e t s  u n l e s s  o t h e r   
w i s e  requested  in B u y e r ' s  purchase  o r d e r .  S p e c i f i c a t i o n  
for  the U . S .  Version  of  the Game S e t s  shall  be CPS 
# 1 0 0 4 3 .  

Note 4 :  20K  ROM C a r t r i d g e  parts  to be shipped in s e t s  u n l e s s  
otherwise  requested by the B u y e r .  

Note 5 :  For  the purposes of E x h i b i t  C ,  a  single  ROM or  a  m u l t i   
ple of ROMs shall count as a  C a r t r i d g e  Set  in  accord 
with  the ROM content of  the c a r t r i d g e .  

Note 6 :  All Game Sets ( e . g . ,  U . S . ,  PAL,  SEARS, e t c . )  count  
equally for  the purpose of calculating  cumulative  quan 
t i t i e s  toward the p r i c e  s t e p s .  

Note 7 :  All C a r t r i d g e  Set o r d e r s  scheduled for  shipment a f t e r  
August l ,  1 9 8 2  w i l l  be completed with  the shipment of 
one 40K  ROM, except as otherwise  requested by B u y e r .  
All C a r t r i d g e  Sets returned  to Seller  a f t e r  August l ,  
1 9 8 2  for  replacement p u r s u a n t  to P a r a g r a p h s  8  and 9 w i l l  

A - 3  



be reshipped as one 4 0 K  ROM p a r t  provided  Buyer  r e t u r n e d  
a  complete C a r t r i d g e  Set  ( i . e . ,  both 2 0 K  ROM p a r t s )  un 
l e s s  as o t h e r w i s e  requested by B u y e r .  I f  n o t ,  s i n g l e  
20K  ROM replacement p a r t s  w i l l  be p r o v i d e d .  

Note 8 :  All complete Game S e t s  r e t u r n e d  to S e l l e r  f o r  replace  
ment p u r s u a n t  to Paragraphs  8  and 9 o f  t h i s  Agreement 
w i l l  be c r e d i t e d  to B u y e r ' s  account  at the o r i g i n a l  in 
voice  p r i c e .  All r e p a i r e d  o r  replacement Game S e t s  
t h e r e f o r  w i l l  be invoiced at a  p r i c e  o f  $ 2 2 . 5 0  ( except  
for  Game Sets  returned  p u r s u a n t  to Paragraph 9 ( a )  ( i . e . ,  
date code beyond permissible  f o u r  ( 4 )  week p e r i o d )  which 
Game S e t s  w i l l  be remarked and r e i n v o i c e d  at o r i g i n a l  
invoice p r i c e . ) .  

A - 4  
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Company Conf ident i a l  

I  1.0 SCOPE 

2 . 0  

3 . 0  

4 . 0  

Th i s  Customer Procurement S pec i f i c a t i o n  ( C P S )  covers the R0-3-9503 N-Channel  
MOS Graph ics  ROM ( GROM ) .  

C I R C U IT  FEATURES 

Mask programmable storage pro v i d i n g  2048 X 10 b i t  words .  

16  B i t  O n - C h i p  Address  Latch .  

Memory Map C i r c u i t ry  to p lace the 2K ROM page w i t h i n  a  65K memory area .  

8  B i t  Tr i -State  Bus w i th  H i g h er  8  B i t s  Dr iver  to Zero D u r i n g  Read 
Operat i o n s .  

1 1  B i t ,  Stat ic  Address Outputs for external Memory. 

Control  S i g n a l s  for External Memory. 

ENABLE 

R/W 

AMENDMENTS 

T h i s  CPS may on ly  be amended by a written agreement between the part i e s .  

ELECTRICAL ACCEPTANCE SPECIFICATION 

The c i r c u i t  must function w i t h i n  the range of e lectr ica l  parameters g iven i n  
t h i s  CPS .  

4 . 1  FUNCTIONAL TESTING 

4 . 2  

The R0-3-9503 must be funct iona l  i n  the use test defined i n  CPS-10043 .  

TARGET FAILURE RATE (at 2 5 ° C )  

The post burn- in  ( 40C ,  6  hours operat ional  as per Mattel 
s p ec if i c at i o n )  target fa i l u r e  rate for th i s  dev ice i s  0 . 5  percent per 
thousand hours (average target f a i l u r e  r a t e ) .  T h i s  number i s  based on 
an exponent ia l  f a i l ure  d i s t r i b u t i o n  and a thermal activation energy of 
l . O e V .  

ms@\5['} coamo«can 
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Company Co n f i d e nt i a l  

5 . 0  OPERATION DESCR IPTION  

The dev ice  operates i n  three memory c o n f i g u r a t i o n s .  These conf i gurat i o n s  
are se lected  v i a  the i nput  control s i g n a l s .  

1.  When SR l  has been pu l sed  n e g a t i v e ,  the memory i s  located at 12288 to 
1 4 335 .  The external memory i s  addressed at 14336 to 16383.  

2. When BUSAK has been pu lsed  n e g at i v e ,  the memory i s  located at O t o  
2047 .  The external memory i s  addressed at 2048 to 4095.  

3 .  When BAR'  and DWS '  are  pu l sed  p o s i t i v e ,  the memory w i l l  not respond to 
address b i t  9  and address b i t  1 0 ,  wh i ch  restr icts  the memory to 5 12  
l o c a t i o n s .  The memory i s  now located from to 5 l l  r e l a t i v e  to the 
current memory o r i g i n .  The external memory i s  a l s o  addressab le  from 
@ t o  5 l l  re l a t i v e  to i t s  current o r i g i n .  Conf i gurat ion  three may be 
released by app ly i n g  a  negative p u l s e  on the SR l  i n p u t .  

ms{EI5[3k coa=moo 
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6 . 0  ELECTRICAL CHARACTERISTICS 

I  Abso lute  Maximum Rat ings*  

I  
Temperature Under B 1 a s  0c t o  +100°¢ 

Storage Temperature - 5 5 ° C  to + 1 50 ° ¢  

I  A l l  I nput  or Output Vo ltages  
w i t h  respect to Vss  - 0 . 2 v  to +9 . 0 v  

Vcc w ith  respect to Vss  - 0 . 2 v  to + 9 . 0 v  

*Note :  
-- 

Stresses  above those l i s t e d  under "Abso l ute  Maximum R a t i n g s "  may cause 
permanent damage to the de v i c e .  Th i s  i s  a  stress rating on ly  and funct iona l  
operation of the dev ice at these or any other cond i t i o n s  above those i n d i   
cated i n  the operat iona l  sect ions  of  t h i s  s pec i f i c at i o n  i s  not i m p l i e d .  
Exposure to abso l ute  maximum rating  c o n d i t i o n s  for extended per iods  may 
affect dev ice  r e l i a b i l i t y .  

Operat iona l  Spec if icat ion  

Ambient Temperature 

DC CHARACTERISTICS 

Vss  =  O . O V ,  V e e =  +4 .85V to + 5 . 1 5 V  

0C to +55C 

CHARACTERISTIC SYM M I N  MAX UNITS CONDITIONS 
- - - 

Bus/Control Inputs 

Input Log i c  Low V IL  0  0 . 7  Vo l t s  
I nput  L og i c  H i g h  V I H  2 . 4  Vee Vo l t s  
Input Leakage I l l  5  uA VIN =  OV to Vee 
Bus Outputs SB and YB 
Output Log i c  Low Output L og ic  H i g h  

Address Outputs 

Output Log ic  Low 
Output Log ic  H i g h  

Control Outputs 

Output Log i c  Low 
Output L o g ic  H i g h  

Supp ly Current 

VOL 
VOH 

VOL 
VOH 

VOL 
VOH 

0 

2 . 4  

0  2 . 4  

0  2 . 4  

0 . 5  
Vee 

0 . 5  
Vee 

0 . 5  
Vee 

Vo l t s  
Vo lts  

Vo lts  
Vo l t s  

Volts  
Volts  

IOL 

IOH 

IOL 

IOH 

IOL 

IOH 

= lOOuAJ + lOOpf 
= lOOuA 

= 500uAJ + lOOpf 
= 100uA 

= lOOuAJ + lOOpf 
= lOOua 

Vee Ice 100 mA at +55 ° C  
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Company Conf i dent i a l  

I  
A . C .  CHARACTERISTICS 

I  CHARACTERISTIC SYM M I N  MAX UNITS CONDITIONS 
- - - 

Bus Inputs  SB and YB 

I  Address Set Up tas 100 nSec 
Address  Over lap  tao 50 nSec 

I  Bus Outputs SB 
and YB 

I  Turn On De lay  tda 550 nSec 
Turn Off De lay tdo 0 250 nSec 

I  Address Outputs 

Turn On De lay tad 300 nSec from data bus v a l i d  

I  Control Outputs 

I  
Enab le  and Wr ite  
Turn On De lay ted,twd 300 nSec from DT3 '  and DWS '  
Turn Off De lay teo 200 nSec 

I  

I  
Note:  Input capacitance of a l l  l o g i c  p 1 n s ,  lOpf max 

VIN =  OV @ 1MHz 
Not measured during production test 

I  

I  
I  

I  
I  
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Company Conf i dent i a l  

I  6 . 0  P I N  CONNECTIONS 

I  
1 Vee 40 R/W 

2 SRl 39 NALE 

I  3 USA 38 0WS '  

4  S815 37 0T8 '  

I  5 Not Connected 36 BAR '  

I  
6 S814 35 Not Connected 

7 S813 34 '80 

I  8 S812 33 ADDR 0 

9 $811 32 YB; 

10 No Connect 31 ADDR 1 

11 $810 30 '82 

12 No Connect 29 ADDR 2 

13 S89 28 YB3 

14 ADDR 8 27 ADDR 3 

15 S88 26 Not Connected 

MSYNC 16 25 $84 

17 ADDR 7 24 ADDR 4 

18 S87 23 585 

19 ADDR 6 22 ADDR 5 

20 S85 21 Vss 

sE5#k+ 
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Company Conf i dent i a l  

7 . 0  MECHANICAL CHARACTERISTICS 

7 . 1  PACKAGE D IMENS IONS  

. I =_s  
__±.18 

'l  as  a  

_ _ _  _j  L I  

i!•i- - - - - - - - - - - - - = -  -  -  e  - ,7 
s  7 1-'t.::..-..::; - - - - ;_ � ;  -  -  -  -  �  -  -  -  ,  

2 . 0 0  

th 1gg / '  ~i- J  . 0 0 1 "  ii -g 
] - a  

le 

7 . 2  SOLDERABILITY 

The p i n s  on t h i s  integrated c i r c u i t  package meet s o l d e r a b i l i t y  as 
g i v e n  i n  MIL-STD-8838 Method 2003 .2  w ith  the exception of Paragraph 
3 . 2  A g i n g .  
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Company Conf i dent ia l  

1 . 0  SCOPE 

T h i s  Customer Procurement S p e c i f i c a t i o n  ( C P S )  covers the R0-3-9502 N-Channel 
MOS ROM I C .  The pattern programmed i nto  t h i s  ROM defines the lower EXEC 
area and i s  des ignated 0 1 1 .  

I  2 . 0  C I RCU IT  FEATURES 

3 . 0  

Mask programmable storage p rov i d i n g  2048 X 10 b i t  words .  

16 b i t  o n - c h i p  address l a t c h .  

Control decoder.  

Programmable memory map c i r c u i t ry  to p l a ce  2K ROM page w i t h i n  65K word 
memory space located on 2K page boundar i e s .  

Master Reset l o g i c  w ith  programmable 16 b i t  vectored start address .  

Interrupt l o g i c  with programmable 16 b i t  vectored interrupt address .  

16 b i t  static address outputs for external memory. 

Control s i g n a l s  for external memory 

E N A B L E =  (DTB + D W S ) .  Address External 

WRITE = DWS. Address External 

Programmable memory map selection for external memory area. 

AMENDMENTS 

Th i s  CPS may on ly  be amended by a written agreement between the p a rt i e s .  

4 . 0  ELECTRICAL ACCEPTANCE SPECIF ICAT ION 

The c i r c u i t  must function w i t h i n  the range of e l ectr i ca l  parameters g i ven  i n  
the CPS .  

4 . 1  FUNCTIONAL TESTING 

The R0-3-9502 must be functiona l  i n  the use test defined 1 n  CPS-10043 .  

4 . 2  TARGET FA ILURE RATE (at 2 5 ° C )  

The post burn- i n  (40 °C ,  6  hours operat i ona l )  target f a i l u r e  rate for 
t h i s  dev i ce  i s  0 . 5  percent per thousand hours (average target f a i l u r e  
r a t e ) .  Th i s  number i s  based on an exponent ia l  f a i l u r e  d i s t r i b u t i o n  
and a thermal act ivat ion  energy of l . O e v .  
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Company Confidentia l  

5 . 0  C IRCUIT  REQUIREMENTS 

The R0-3-9502 operates as the program memory for systems u s i n g  a  CP1610 
series  microprocessor .  

It  is configured as 2048 x I0 b i t  words and contains several features wh i c h  
reduce the device count in a practical  microprocessor a p p l i c a t i o n .  

6 . 0  OPERATING DESCRIPTION 

The R0-3-9502 i s  i n i t i a l i z e d  by the MSYNC input and from the p o s i t i v e  edge 
of th i s  s i g n a l ,  it  remains i n  a  tr i-state  output c o nd i t i o n ,  await ing the IAB 
response .  During the IAB, the 9502 transmitts a 16 b it  code onto the 
externa l  bus thus prov id i ng  the system start address vector. The comp let i on  
of the MCLR sequence i s  recorded on ch ip s  such that any further IAB Codes 
output the second interrupt vector. For i n i t i a l i z a t i o n ,  the 9502 wa it s  for 
the f i r st  address code .  For th i s  address code and a l l  subsequent address 
sequences ,  the 9502 reads the 16 b i t  external bus and latches the va lue  into 
its  address reg i ster .  The contents of th i s  address reg ister are made ava i l   
ab le for connect ion to external memory and are supp l i ed  on 16 latched 
outputs .  

The 9502 contains a programmable memory map location for it s  own 2K page and 
if a v a l i d  address is detected, the particular address locat ion  w i l l  trans 
fer its contents to the chip output buffers. If the control code fo l l ow i ng  
the address cycle was a Read, the 9502 w i l l  output the 10 b its  of addressed 
data and also drive a log ic zero on the top s ix  bits of the bus .  

6 . 1  INPUT CONTROL SIGNALS 
d  

BDIR BC! BC2 EQUIVALENT SIGNAL RESPONSE 
- - - 

0 0 0 NACT NACT 
0 0 1 IAB IAB 
0 1 0 ADAR ADAR 
0 1 1 OTB OTB 
1 0 0 BAR BAR 
1 0 1 0NS - 

1 1 0 DW - 

1 1 1 INTAK BAR 

ms{{~['k s=a«coca 
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Company C o n f i d e n t i a l  

OPERATION WITH EXTERNAL MEMORY 

The 16 b i t s  from the address reg i ster  are prov ided as stat ic  outputs for 
connection to external ROM or RAM dev i c e s .  Two other s i g n a l s  are prov i ded  
to control the external memory area.  An enab le s i g n a l  i s  prov ided for any 
read or w r i t e  operat i on ,  and a w r i t e  s i g n a l ,  for any move out operat i on .  
The two external memory control  s i g n a l s  are gated by a m in-max memory map 
comparator. The m i n i mum  and maximum va l ues  are programmable on boundar i e s  
w i t h i n  the 65K word memory area.  The memory map comparator for external 
memory i s  a  s i m p l e  s i n g l e  compare and the operat ion  i s  such that when a 2K 
area i s  chosen ,  a  f i v e  b i t  compare i s  used and for a 4K area a four b i t  
compare, etc. The effect of t h i s  i s  that 2K pages may start on 2K 
boundar i e s ,  i . e . ,  0 ,  2 ,  4 ,  6 ,  8 ,  e t c . ,  but 4K pages must be on 4K 
boundar ies ,  i . e . ,  0 ,  4 ,  8 ,  I2 ,  etc. The same i s  true for 8K and 16K pages.  
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Company Conf ident i a l  

I  7 . 0  ELECTRICAL CHARACTERISTICS 

Abso l ute  Maximum Rat i ngs 

Temperature Under B i a s  

Storage Temperature 

Al 1 I nput or Output Vo ltages  
w i t h  respect to VSS 

Vee with respect to Vss 

*Note: 

0C to +100€ 

-55C to + 1 50 ° C  

- 0 .  2v to +9 .0v 

-0 .2v to +9 . Ov 

Stresses above those l i s t e d  under "Absol ute Maximum R at i n g s "  may cause 
permanent damage to the d e v i c e .  Th is  i s  a  stress rating on ly and funct iona l  
operation of the device at these or any other cond it ions  above those i n d i   
cated i n  the operational  sect ions  of t h i s  spec if i cat ion  i s  not i m p l i e d .  
Exposure to abso l ute  maximum rating cond i t i ons  for extended periods may 
affect dev ice r e l i a b i l i t y .  

Operational  Spec if icat ion  

Ambient Temperature 

DC CHARACTERISTICS 
V e e =  +4.85V to + 5 . 1 5 V ,  Vss  =  0 .0V  

0C to +55¢ 

CHARACTERISTIC SYM M I N  MAX UNITS COND ITIONS 
- - - 

I nputs  

Input Log ic  Low V I L  0  0 . 7  vo l t s  Input Log ic  H i g h  V I H  2 . 4  Vee volts 
Input Leakage I I L  -  5  uA V I N  =  OV to Vee 
CPU Bus Outputs 

Output Log i c  Low VOL 0 0 . 5  v o l t s  IOL = 1 .  Sma] + 150pf Output Log i c  H i g h  VOH 2 . 4  Vee volts IOH = 80uA 
Address and Enab l e  Outputs 

Output L o g i c  Low VOL 0 0 . 5  vo l t s  IOL = l.OmaJ +lOOpf Output Log i c  H i g h  VOH 2 . 4  Vee volts IOH  lOOuA 

Supp ly  Current 

Vcc SuDD lv Ice - 90 ma at +55 ° €  

as&i#+ 
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Company Conf ident ia l  

7 . 0  c o n ' t .  

AC CHARACTERISTICS 

CHARACTERISTIC SYM M I N  MAX UNITS CONDITIONS 
- - - 

Inputs 

Address Set Up tas 300 nSec 
Address Overlap tao 65 nSec 
Wr ite  Set Up tws 300 nSec 
Write Overlap two 1 200 nSec 

CPU Bus Outputs 

Turn ON Delay tda - 350 nSec 
Turn OFF De 1 ay tdo 80 250 nSec 
Access Time tac 1. 5  uSec 

Address and Enab le  Outputs 

Turn ON De lay tad, tee - 200 nSec 
Turn OFF Delay tea - 150 nSec 
Turn ON De 1 ay twd - 300 nSec 
Turn OFF Delay two 2 - 150 nSec 

Note:  Input capacitance of al 1 l og i c  p i n s ,  10pf max 
V I N  =  V  @  1MHz. Not measured dur ing  production te st .  

sf@E5Ek 
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8 . 0  P I N  CONNECTIONS 

1  Vcc 40 BC l 

2 a? 39 BC 2 

3 R/ 38 BD IR  

4  No Connect 37 DB 0 

5 08 15 36 A00R 0 

6 No Connect 35 DB l 

7 08 14 34 A00R l 

8 No Connect 33 DB  2  

9  08 13  32 ADDR 2 

10 No Connect 3 1  DB 3 

1 1  DB 12 30 ADDR 3 I  
I  
I  

12 No Connect 29 DB 4 

13 DB 11 28 AD0R 4 

14 No Connect 27 DB 5 

15 08 10 26 A00R 5 

16 ADDR 9 25 DB 6 

1 7  DB 9 24 AD0R 6 

18 A00R 8 23 DB  7  

19 DB 8 22 AD0R 7 

20 7WC 2 1  Vss  

s@@5Ek 
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Company Conf i d e n t i a l  

9 . 0  MECHANICAL CHARACTERISTICS 

9 . 1  PACKAGE D IMENSIONS 

e  

9 . 2  SOLDERABILITY 

The p i n s  on t h i s  integrated c i r c u i t  package meet s o l d e r a b i l i t y  as 
g i v e n  i n  MIL-STD-8838 Method 2003 .2  w i t h  the except ion  of Paragraph 
3 . 2  A g i n g .  
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Company Co nf i d e n t i a l  

1.0  SCOPE 

T h i s  Customer Procurement S pec i f i c a t i o n  ( C P S )  covers the RA-3-9600 N-Channel 
MOS data contro l  RAM I C .  T h i s  s pec if i cat i o n  a l so  conta ins  the recommended 
system c i r c u i t  for test acceptance .  

2 . 0  C I RCU IT  FEATURES 

o Memory area 352 words of 16 b i t s .  

o  Address counter and control l o g i c  for D . M . A .  o perat i o n .  

o  Control  decoder for CPU data control s i g n a l s .  

o  Memory map comparator and control l o g i c  for add i t i o na l  memory on 14 b i t  
b u s .  

o  Current l i n e  buffer - 20 words of 14 b i t s .  

3 . 0  AMENDMENTS 

Th i s  CPS may on ly be amended by a written agreement between the p a rt i e s .  

4 . 0  ELECTRICAL ACCEPTANCE SPEC IF ICATION  

The c i r c u i t  must function w i t h i n  the range of e l ectr i ca l  parameters g iven  i n  
t h i s  CPS .  

4 . 1  FUNCTIONAL TESTING 

The RA-3-9600 must be functional  i n  the use test defined i n  CPS-10043 .  

4 . 2  TARGET FAILURE RATE ( at  25C )  

The post burn- in  ( 4 0 ° C ,  6  hours o perat i o na l )  target f a i l u r e  rate for 
t h i s  dev i ce  i s  0 . 8 5  percent per thousand hours (average target f a i l u r e  
r a t e ) .  T h i s  number i s  based on an exponentia l  f a i l u r e  d i s t r i b u t i o n  
and a thermal act ivat ion  energy of l . O e V .  

ms{{El5[k c o a = m o m "  

FORM 1E102 (4/82) 

SPEC. NO. 

SHEET 

CPS-10032  
2  

REV 

G 



Company Conf ident i a l  

5 . 0  FUNCTIONAL DESCRIPTION 

6 . 0  

The RA-3-9600 i s  a  ' d u a l  port' interface and 16 b i t  wide RAM storage area. 
The RA-3-9600 contains twenty 14 b it  ser i a l  data buffer registers w i t h  
separate bus control s i g n a l s .  

The RA-3-9600 memory is 352 x 16 b i t  contiguous words from address 512-863 
w i t h  the graphics  descriptors u s i n g  the f irst  240 words .  The graphics use 
o n l y  the lower 14 b i t s  of each word l e av i n g  the two most s i g n i f i cant  b its  
a v a i l a b l e  for user storage.  

OPERATION DESCRIPTION 

The RA-3-9600 RAM accepts data from the CPU v i a  a  16 b i t  b i -d i rect iona l  bus 
which i s  t i me  mu l t i p l exed  with address and data .  A 3 bit control bus from 
the CPU i s  used to provide strobe s i g n a l s  for the on-ch ip address latch and 
ma1n memory area. 

The RAM has two operating modes :  

Mode 1 -  0n decoding an interrupt the RAM is enab led into a bus copy mode .  

In t h i s  mode the RAM copies the lower fourteen b its  of the CPU bus onto the 
graph ics  b u s .  The d irect ion of copy is  always from the CPU and towards the 
graph ics bus except during a bus reversal c o nd i t i o n .  The reversal cond it ion  
i s  ind icated when the CPU requests a read from an external graph ics address 
on the 14 bit b u s .  Under th i s  cond ition the 9600 w i l l  gate the 14 b it  bus 
through to the 16 b i t  CPU bus .  

Mode 2 -  Is selected when the CPU issues the BUSAK signed (DMA acknowledge ) .  
Te effect of BUSK i n s i d e  the 9600 i s  to reset the interrupt synchronizing 
l og ic  and to switch the address decoder from the CPU address register to the 
graphics address counter. Th is  counter, wh i c h  sequences through the 240 
words of graph ics data, w i l l  have been prev ious ly set to zero when the 
interrupt s igna l  was decoded. When the CPU i s  in the OMA state ,  the 
graphics system w i l l  prepare to d i s p l a y  a  new row of twenty characters and 
to load the 20 word buffer reg isters w i t h in  the 9600.  For the f irst  cycle 
of DMA afer interrupt the graphics address counter w i l l  be at zero and the 
data at that address is  passed to the 14 b i t  output .  The act ion of SR3 wi  1 1  

enab le the output buffers and drive the 14 bit bu s .  The twenty sh ift  
registers are a lso  loaded at th i s  t ime .  The negative edge of SR3 tr i-states  
the 14 bit output and increments the graphics address counter. The sh ift  
reg i sters  are a l s o  clocked at t h i s  t ime .  The SR3 input provides twenty 
pos i t i ve  pulses to the 9600 and loads the shift register buffers w h i l e  
g i v i n g  the graphics bus the f irst row of characters .  At the end of the 
f i r s t  OMA cycle ,  after the CPU interrupt ,  the graphics address counter w i l l  
be at va l ue  1 9 .  The 9600 ope rat ion for the next f ifteen l i nes  w i l l  be  to 
c lock  the 20 word shift registers and gate the contents onto the 14 b it  bus 
under control of the SR3 i n p ut .  When the CPU i s  running and SUI i s  a  
l o g i c  1 ,  the graphics address counter is  not incremented .  At the end of the 
f irst  row of characters ,  the complete OMA operation is repeated. Th i s  
sequence occurs for the 12 rows of characters unt i l  a l l  240 have been 
successfully accessed.  
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Company Conf i dentia l  

The operation of SR3,  INCREMENT/TRI-STATE s i g n a l ,  i s  to step the s h i f t  
-- reg i ster  s eq uent i a l l y  through each of the twenty characters .  If the BUSAK 

s i g n a l  i s  low,  i . e . ,  i n  OMA, it a l s o  increments the graphics  address 
counter .  SR3 dsab l e s  the 14 b i t  graph ics  bus during the low per i o d .  

At the end of active picture the STIC i s sues  an interrupt request to the  
C PU .  The RA-3-9600 tests for the INTAK* response from the CPU and uses t h i s  
s i g n a l  as an entry control for a copy mode between the two buses .  The end 
of the copy mode is  contro l l e d  by the first BOSAK negat ive  edge .  

*INTAK, equ i va lent  BCl ,  BC2, B O I R  =  
1 1 1  
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Company Conf i dent i a l  

I  A . C .  CHARACTERISTICS 

I  
CHARACTERISTIC SYM M I N  MAX UNITS CONDITIONS 

- - - 

C lock  Input 02 

I  Per iod  tcy 0 . 5  0 . 5 60  uSec Note 2 .  
P u l s e  W i d t h  t2 160 nSec e ither l o g i c  l e v e l  

I  
R  i  s  e  and F a l l Time t r , t f  50 nSec 

CPU Bus Tm 1 ng  080-0815 

I  Address Set Up T ime tas 300 nSec 
Address H o l d  Time tao 50 nSec 
Data Access T ime tda 1.5  uSec F i g u re  1  

I  
Data Turn-On Time tdon 450 nSec 
Data Ho 1 d T i  me tdh 0 250 nSec 
Wr i te  Set Up 2 tws 100 nSec 

I  
Wr i te  H o l d  d2 two 200 nSec 

Bus Copy CPU -->STIC  

I  
SR3 V a l i d  and Date Changed tcs 160 nSec F i gure  3  

Bus Copy STIC  -->CPU 
OTB and Data Changed tsc 350 nSec F igure  4  

Sh ift  Reg i ster  Read 
SR3 Turn-On tsl 250 nSec F i gure  1  
SR3 Turn-Off ts2 40 nSec 

*NTSC mod i f i c a t i o n s :  

Data access time tda 1. 7 uSec 
Data Turn-On t ime tdon 540 nSec 
Bus copy CPU - - >ST IC  220 nSec 

Note 2 .  RA-3-9600-1 ( NTSC )  0 .560uSec MIN 

Note 3 .  Input capacitance of a l l  l o g i c  p i n s ,  10pf max 
V I N =  OV @ 1MHz.  

Not measured dur i ng  production test .  
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Company Conf i dent i a l  

16 B IT  BUS DBO-DB15 VAL ID  

0  

SR3 

14 B I T  8US S80-$813 

CPU STIC BUS COPY 

FIGURE 3 
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Company Co nf i d e n t i a l  

I  

I  
14 B I T  BUS SDO-SD13 VALID 

I  
CPU  CONTROL OTB 

I  
� 

tsc ➔ 1  
I  

'  

16 B I T  BUS DBO-DB15 VAL ID  

I  

I  STIC -  CPU BUS COPY 

I  
FIGURE 4 

I  
I  
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Company Conf ident i a l  

I  8 . 0  P IN  CONNECTIONS 

I  
P IN  NO .  FUNCTION P IN  NO .  FUNCTION 

I  1 086 21 0812 

2 087 22 S812 

I  3 S87 23 $813 

4 S88 24 0813 

5 088 25 0814 

6 089 26 0815 

7 S89 27 080 

8 02 28 S80 

9 Vee 29 SB1 

10 Vdd 30 DBl 

11 Vbb 31 Vss  

12  BUSAK 32 $32 

13 SR3 33 DB2 

I  14 BC 1 34 083 

15 BC 2 35 83 

16 BDIR 36 S84 

17 DBlO 37 DB4 

18 $5810 38 085 

19 SBll 39 S85 

20 DBll 40 S86 

DB - Data Bus 
SB - Graph ics  Bus 

ns87+ 
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9 . 0  

Company C o n f i d e n t i a l  

MECHANICAL CHARACTERISTICS 

9 . 1  PACKAGE DIMENSIONS  

a . .  

.  .  

9 . 2  SOLDERABILITY 

. 

The p i n s  on the integrated c i r c u i t  package meet so l d e r a b i l  i  ty as g i v e n  
i n  MIL-STD-8838 Method 2 0 0 3 . 2  with  the exception of Paragraph 3 . 2 ,  
A g i n g .  

9  . 3  MARKING 

Devices which pass on ly  American T i m i n g s  are marked as RA-3-9600-1 .  
Dev1ces which  pass both American and European T im ings  are marked as 
RA-3-9600. 
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Company Conf i dent i a l  

1.0 SCOPE 

T h i s  Customer Procurement Spec i f i cat i o n  ( C P S )  covers operation of the 
AY-3-8914 N-Channel  MOS Programmable Sound Generator .  

2 . 0  C IRCU IT  FEATURES 

Software control of sound generation 

Interfaces to CP1600 ser ies  of 16 b i t  m icroprocessor 

Three i ndependent ly  programmed ana log  outputs for frequency and amp l i t u de  

Two 8 b i t  general  purpose input ports 

S i n g l e  +5 v o l t  supp ly  

3 . 0  AMENDMENTS 

Th i s  CPS may on ly be amended by a written agreement between the p art i e s .  

4 . 0  ELECTRICAL ACCEPTANCE SPECIFICATION 

The c i r c u i t  must function  w i t h i n  the range of e l ectr i ca l  parameters g iven  i n  
t h i s  C PS .  

4 . 1  FUNCTIONAL TESTING 

The AY-3-8914 must be functiona l  i n  a  use test defined i n  CPS-10043 .  

4 . 2  TARGET FAILURE RATE (at 2 5 C )  

The post burn- in  ( 4 0 ° C ,  6  hours o perat i o n a l )  target f a i l u r e  rate for 
t h i s  dev ice  i s  0 . 5  percent per thousand hours (average target f a i l u r e  
r a t e ) .  Th i s  number i s  based on an exponentia l  f a i l u r e  d i s t r i b u t i o n  
and a thermal act ivat ion  energy of l . O e V .  

4 . 3  IM!  TEST PROCEDURE 

The AY-3-8914A must be tested u s i n g  IM I  pattern R0-3-9505-003 .  The 
AY-3-8914 may be tested u s i n g  IM I  pattern RO-3-9505-003 or pattern 
R0-3-9504-992 and 9 9 3 .  
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Company Conf i dent i a l  

]  5 . 0  ARCHITECTURE 

The AY-3-8914A i s  a  register oriented Programmable Sound Generator ( P S G ) .  
Communication between the microprocessor and the PSG i s  based on the concept 
of memory mapped i nput/output .  Control commands are issued to the PSG by 
wr i t i n g  to these 16 memory mapped reg i sters .  Each of these 16 registers 
w i t h i n  the PSG are a l s o  readab le  so that the microprocessor can determine,  
as necessary present states as stored data v a l u e s .  

A l l  functions of the PSG are contro l led  through i t s  16 reg isters  wh i c h ,  once 
programmed, generate and s u sta i n  the sounds .  

5 . 1  REGISTER ARRAY 

The pr i nc i pa l  element of the PSG i s  an array of 16 control  reg i sters .  
These registers appear to the CPU as a b l ock  of read/write memory 
occupying 16 address l ocat ions  of the 1024 memory space i n  which the 
PSG r e s i d e s .  

The PSG can be used i n  systems with greater than 1024 word memory 
space by the use of the RWE i n p u t .  W ith  t h i s  s i g n a l ,  the 1024 word 
b lock  of memory i n  which the PSG res ides  i s  decoded externa l ly  and 
whenever a read or write to t h i s  memory space i s  to be carried out 
the RWE s i g na l  i s  taken l ow  to enable the PSG .  

The 10 address b i t s  ( 8  b its  on the data/address bus and 2 separate 
address b i t s  A8 and A9 )  are decoded as fo l l ow s :  

DA0-3 These 4 low order address b its  are used to select one of the 
internal sixteen reg i sters .  

DA4-7, A8 ,  A9 - These 6 h i g h  order address b i t s  function as ' c h i p  
s e l e ct s '  and are used to pos it ion  the  16 registers i n  
the 1024 word memory space .  In the deselected state 
the data bus i s  i n  the h igh  impedance c o n d i t i o n .  

The address enable code for DA4-7 i s  mask program 
mable to any of the 16 po s s i b l e  comb i nat i on s .  

Input AS and A9 are enabled by a h i g h  on AS and a low 
on A9 ;  a l l  other input level  combinations on these 
two i nputs  resu lt  i n  a  deselect c o n d i t i o n .  

A l l  addresses are he l d  latched i n t e r n a l l y .  Th i s  i n t erna l l y  latched 
address i s  updated and modif ied on every ' l a t c h  address '  s i g n a l  
presented to the PSG v i a  the BDlR ,  BC2 and BCl i n p u t s .  

The function of the s ixteen  reg isters  w i th  the ir  address i s  shown on 
the f o l l ow i n g  page :  
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Company Conf i d ent i a l  

I  REGISTER #g ADDRESSg FUNCTION 

I  RO Base Channel A Tone Per iod  F i n e  Tune 8 B i t s  
Rl Base+l Channe l  B  Tone Per iod  F i n e  Tune 8 B i t s  

I  
R2 Base+2 Channel C Tone Per iod  F i n e  Tune 8 B i t s  
R3 Base+3 Enve lope  Per iod  F i n e  Tune 8 B i t s  
R4 Base+4 Channel A Tone Per iod  Coarse Tune 4 B i t s  

I  
R5 Base+5 Channe l  B  Tone Per iod  Course Tune 4 B i t s  
R6 Base+6 Channel C Tone Per iod  Coarse Tune 4 B i t s  
R7 Base+7 Enve lope  Per i od  Course Tune 8 B i t s  
RlO Base+lO Enab le  6  B i t s  

I  B i t  0  Channel  A tone enab le  
B i t  1  Channel  B tone enab le  
B i t  2  Channel  C  tone e nab l e  

I  
B i t  3  Channel A n o 1 s e  enable 
B i t  4  Channel  B  no 1 se  enab 1  e 
B i t  5  Channel C n o 1 s e  enable 

I  
Rll Base+ 11 No i s e  Period 5 B i t s  
Rl2 Base+l2 Envelope Control  4 B i t s  

B i t  0  Ho ld  

I  
B i t  1  Alternate 
B i t  2  Attack 
B i t  3  Cont i nue  

Rl3 Base+13 Channel A Amp l i tude  5  B i t s  

I  Rl4 Base+14 Channel B Ampl itude  5  B i t s  
Rl5 Base+15 Channel C Ampl itude 5 B i t s  
Rl6 Base+l6 Input Port B 8 B i t s  

I  
R  17 Base+17 Input Port A 8 B i t s  

I  

I  

I  

MEMORY MAP FOR PSG (AY-3-8914 )  
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5 . 2  TONE PERIOD CONTROL 

Ch anne 1 A tone peri ad i s  specified by registers RO F i n e  Tune and R4 

I  
Course Tune 

Channel  B tone period i s  specified by registers Rl  F i ne  Tune and RS 

- I  Course Tune 

Ch anne 1 C tone period i s  specified by reg isters  R2 F i n e  Tune and R6 
Course Tune 

Each ana log channel  has associated w ith  i t  two registers wh ich  specify 
the tone period for that c hanne l .  These two registers are the course 
tune data ( 4  b i t s )  and the fune tune data ( 8  b i t s ) .  Thus the tone 
period i s  defined by a 12 b it  binary v a l u e ,  T .  The base increment t o  
t h i s  12 b i t  period v a r i ab l e  i s  s ixteen times the period of the input 
c l o c k .  The tone period i s  g iven by: 

16 X T X P 

where: 
P = the period of the input c l ock  ( p i n  22 )  

COARSE TUNE DATA F INE  TUNE DATA 

B B 3 3 B a B B 

I I I I I I I I 

7 6 5 4 ,  3  2  1  a  z  6  5  4  3  2  T  0  

-NOT USED" l ___J 
T T T T T T T T T T T T 

I  I  I  I  I  I  I  

11 1 0  9  8  7  6  5  4  3  2  l  0  

1 2  BIT TONE GENERATOR 

Note: If the Course and F i n e  Tune registers are both set to OOOg, 
the r e s u l t i n g  period w i l l  be maximum, i . e . ,  the generated tone 
period w i l l  be as if the Course Tune register was set to O17g 
and the F i n e  Tune register set to 3 7 7g .  
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5 . 3  NOISE  GENERATOR CONTROL 

No i se  i s  generated by a 17 b i t  polynomial  s h i ft  reg i ster .  The period 
of the c lock  to t h i s  s h ift  register i s  spec if ied  by the 5 b it  b inary 
v a l u e ,  N ,  he l d  i n  register R l l -No i se  P e r i o d .  The base increment to 
t h i s  5  b i t  period v ar i a b l e  i s  s ixteen t imes  the period i nput  c l o c k .  
The sh ift  register c l o c k  period i s  g i ven  by: 

16 X N X  P  

where:  
P  = the  period of the input c l ock  ( P i n  2 2 )  

1 6  X N X  P  

wnere P = tne period of the input clock ( p i n  22) 

NOISE PERIOD REGISTER R 1 1  

8 ' 5 7 8 ' 8 ' 3 ' 3 ' 3 ' 8  
I  t  I  t  I  I  I  

7  6  5 , 4 , 3 , 2 , 1 , 0  

OT_A_5 3I7 ' 
USED NOISE PERIOD 

TO NOISE 
GENERATOR 
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5 . 4  TONE/NOISE MIXER  CONTROL 

The generation of tone and/or no i se  by the three ana log  channe l s  i s  
contro l l ed  by the Enab le  Reg i ster ,  R lO .  

A  tone i s  enabled on a part i c u l ar  channel by wr it i ng  a  ' '  i nto  the 
tone enab le  b i t  for that channe l ,  a  ' 1 '  i n  that b it  p o s i t i o n  w i l l  
d i s a b l e  a  tone for that c h a n n e l .  

S i m i l a r l y ,  no i se  i s  enabled on an i n d i v i d u a l  analog  channel by writing  
a  ' 0 '  i nto  the no i se  enab le  bit for that channel. By wr i t i n g  a  ' 1 '  i n  
that bit,  the no i s e  source i s  d isconnected from that channel. 

Th i s  enab les  a  s i n g l e  channel to have the fo l l o w i n g  states"  

A .  tone on ly  

B .  n o i s e  on ly  

C .  tone mixed with  no i se  

0 .  s i l e n t ,  neither tone nor n o i s e  

MIXER CONTROL REGISTER - R7 

[  sr T e s  T s s  [ a u  as 

Functan: Nose nacre 

Cant: c ] 3 ] A 

a ss as 

ne=ace 

c ] s ] 

Noise Enable Truth Table: 

RT BIt Noise Enabled 
3 54 3 or Channel 

cr a- cr- c 3 A 

(] er T c 3 
- 

a r er c - A 

O' T 1 c - - 

1 (] cr - 3 A 

T a· T 
- = - 

1 T a - - A 

1 T t - - - 

Tone Enable Truth Table: 

R7 3its Tana Enabled 

82 1 30 an Chanrel 

a 0 0 c 3 A 

0 a 1 c 8 - 
a 1 0 C - A 

a T 1 C - - 

t 0 0 - 5 A 

1 a 1 
- 3 - 

T T a - - A 

1 T 1 
- - - 
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5 . 5  AMPLITUDE CONTROL 

The ampl itude of the s i g n a l s  generated on each of the three analog 
c hanne l s  i s  contro l led  by the 5 b i t  Amp l i tude  Control  Reg i ster  
assoc iated  w i t h  that i n d i v i d u a l  c h a n n e l .  These 5 b i t s  are comprised 
of a 1 b i t  mode se l ect  ( t he  ' M '  b i t )  and a 4 b i t  ' f i x e d '  amp l i t ude  
l e v e l  ( L 0 - L 3 ) .  

When the M b i t  is  low at a l o g i c  ' O '  the output leve l  of the ana log  
channe l  i s  def ined  by the v a l u e  of the 4 b i t  ' f i x e d '  amp l i t ude  l e ve l  
of the Control  R e g i s t e r .  T h i s  amp l i t u de  leve l  can be updated by 
microprocessor control thereby caus i ng  a  change i n  the ana log  channel  
output l e v e l .  

The analog outputs have s ixteen  p o s s i b l e  l e v e l s .  

When the M b i t  i s  h i g h  at a l o g i c  1
1

1  the output of the ana log  channel  
i s  defined by the 4 b i t s  of the envelope generator ( E 0 - E 3 ) .  The 
spec if i c at i o n  of the enve lope generator i s  i n  sect ion  5 . 6 .  

AMPLITUDE CONTROL REGISTER 

I  I  I  -  

3 , 2 , 1 , 0  

MODE 

SELECT 

BIT 

0 
r  

4 3IT FIXED 

AMPLITUDE LEVEL 

a o o o 
l  I 

I  I  

AMPLITUDE DEFINED SY 

L0-L3 

I I I 

a 1 1 1 1 

1 X X X X AMPLITUDE DEFINED BY 

£0-£3 
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5 . 6  ENVELOPE GENERATOR CONTROL 

A .  Envelope Period Control 

The period of the sound envelope i s  contro l led  by two 8 b i t  
reg isters ,  R4 and R 7 ,  Enve lope F i n e  and Course Tune respect ive ly .  
The 16 b i t  b inary word, E ,  compr i s i ng  R7 h i gher  byte and R4 lower 
byte,  define the number of base periods that are required to g i ve  
the required envelope per iod .  The base period has a period equal 
to 256 times that of the i nput  c l o c k .  Thus ,  the enve lope period 
i s  g iven  by: 

256 X E X P 

where:  
P = period of input c lock  

COARSE TUNE DATA 

i 3 ' 8 ' 8 ' 8 ' ' 3 ' 8 ' 8  
l  I  I  I  I  I  I  1  

] 7 , 6  5 , 4 , 3 , 2  1  0  

FINE TUNE DATA 

3 ' 8 ' 3 ' 3 ' 3 ' 3 ' 3 ' 3  
I  I  I  I  I  l  I  

7  6 , 5 , 4 , 3 , 2 , 1  0  

', ',' _?  
f ; T T ; T r ' T T ; T ; T ; 7 + T + T ; 7 ; T ; T ; T , T - 7  

1
1 I I ' I I I I I I I I I I I I 

1 5,  14  1 3  1 2, 1 1 , 1 0 , 9  8  7 , 6  5 , 4  3 , 2  1  0  

1 6  BIT ENWELOPE PERIOD GENERATOR 

B .  Envelope Shape/Cycle Control 

The envelope shape and cycle i s  control led by reg i ster  R l2 .  

The envelope period as defined above i s  subd iv ided  into  s ixteen 
t imes lots  to g ive  a  s ixteen state per cycle envelope pattern .  
Th i s  pattern i s  g iven  by E0-E3 ,  the outputs of a 4 b it  counter .  
The 4 b i t s  of register Rl2 control t h i s  counter to g ive  the 
desired envelope shape .  The i n d i v i d u a l  b i ts  of Rl2 are: 

B i t  0 :  HOLD When t h i s  i s  set h i g h  at a l o g i c  ' 1 '  the 
envelope i s  l i m i t e d  to one cycle,  the va l ue  of 
the envelope at the end of the cycle be ing  
h e l d .  

B i t  1 :  ALTERNATE When set h i g h  to a l o g i c  ' 1 '  the envelope 
counter reverses d irect ion  at the end of each 
cycle ( i . e . ,  performs as an up down c o u n t er ) .  

B i t  2 :  ATTACK When set h i g h  to a l o g i c  ' 1 '  the enve lope  
counter w i l l  count up ( attack )  and when set 
low to a l o g i c  ' O '  the counter w i l l  count down 
( d e c a y ) .  
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I  
B i t  3 :  CONTINUE When set h i g h  to a l o g i c  ' 1 '  the cycle pattern 

I  
w i l l  be defined by the HOLD b i t ,  and when low 
at a l o g i c  ' O '  the envelope counter w i l l  reset 
to E0-E3=0000 after one cycle and h o l d  that 

I  
v a l u e .  

I  

I  

I  

I  

I  

I  
i  
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.  TO ENVELOPE GENERATOR 

rt([LJ 

>ALTERNATE 

lyTTL(kK 

lC[NT[NL'f 

3 3 3 3 3 3 3 3 
t L  

7 6 5 4 3 2 1 0 

I0T USED 

R1$ 80TS 

83 82 81 80 

A 

c L 

0 r 

N A £ 

T T R 
I T N H 

N A A 0 

U c Tr L. 

£ K £ 0 

0 0 x X 

0 t X X 

I O O 0 

I O O 1 

I O 1 

1 ' 

GRAPHIC REPRESENTATION 

F ENVELOPS GENERATOR 

OUTPUT £E3 £2 ET £0. 

1 1 0 

· · o · /  
I  1  0  

1  1  1  

--1  E? � E? IS THE ENVELOPE ?El'HOO 
I ·OURATION OF ONE CYCLE 
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5 . 7  DIGITAL TO ANALOG COUNTER 

The d i g i t a l  to analog conversion i s  performed i n  l ogar ithmic  steps 
with a  normal ized  voltage range of O t o  l V .  The spec if ied  amp l i t ude  
of each converter i s  contro l l ed  by a 4 b i t  word from e ither the 
Amp l i tude  Control Register or the Enve lope  Generator. The base s i g n a l  
of the output i s  the noise/tone spec if ied  for that c hanne l .  

NORMALIZED 

VOLTAGE 

15 15  
1V 

NOTE: THIS IS THE ENVELOPE 
ONLY--NOISE AND TONES 
ARE DISALED. 

14 

.707V 
14 

13 13 
.5v 

.303v 

DECIMAL VALUE 
OF 3 E2 £1 £0 

- [SEE AMPLITUDE 
- CONTROL 

12 SECTION 3.4) 
12  

25v 
1 1  

 

10 

£P 

(1/te) 
EP 

(1/te) 

10 

2 1  0lo 
Q l 

 

. 1515V 

. 1 25v  

EP =ENVELOPE PRID 
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I 6 . 0  ELECTRICAL CHARACTERISTICS 

Abso lute  Maximum Rat ings* 

Temperature Under B i a s  

Storage Temperature 

Al 1 I nput  or Output Voltages 
w ith  respect to Vss 

Vee with  respect to Vss  

Note:  

0C  to +100C 

- 5 5 ° C  t o  + 1 50 °C  

- 0 . 2 V  to + 9 . 0 V  

- 0 . 2 V  to + 9 . 0 V  

Company Co nf i de nt i a l  

Stresses above those l i s t e d  under "Absolute Maximum R a t i n g s "  may cause 
permanent damage to the d e v i c e .  Th i s  i s  a  stress rat i ng  only and funct iona l  
operation of the dev ice at these or any other cond it ions  above those 
i nd icated  i n  the operational  sections of t h i s  spec if icat ion  i s  not i m p l i e d .  
Exposure to abso l ute  maximum rat ing  cond it ions  for extended periods  may 
affect device r e l i a b i l i t y .  

OPERATIONAL SPECIFICATION 

Ambient Temperature 0 ° C  to +55°C 

DC CHARACTERISTICS Vss = O . O V ,  VCC = +4 .85 to + 5 . 1 5 V  

CHARACTERISTICS SYM MIN MAX UNITS CONDITIONS 
- - - 

Input Log1c Leve l s  

Input Log ic  Low V IL  0  0 . 7  Vo l t s  
Input L o g i c  H i g h  VOH 2 . 4  Vee Volts  

Input w i th  P u l l  Ups 

A8 ,  Reset I IL  10 100 uA V i n  =  o . ov  

Inputs w i th  P u l l  Downs 

1, RE I I H  5  40 uA V i n  =  2 .4V  

Input w ith  Pull Up 

A0-A7, 80-87 I l l  15 200 uA V i n  =  o . o v  

Oat a/ Address 
Tri-State Leakage 

DA0-DA7(AY-3-8914)  IIL - 200 uA V i n  =  OV : Note  l  

Note 1 :  The AY-3-8914A has a max1mum of I l l  of 5 u a .  

ns{&\53k ma«mo«coo" 
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6 . 0  c o n ' t  
I  CHARACTERISTICS SYM M I N  MAX UNITS CONDITIONS 

- - - 

Data Bus  Output 
I  

L e v e l s  DA0-DA7 
Low VOL 0 0 . 5  Volts  IOL = 1.5mAJ +150pf 

I  
H i g h  VOH 2 . 4  Volts IOH = 80uA 
Ana log  Channe l  

I  
Outputs 
A ,  B ,  C  400 2000 uA Vout = 0 . 7  -  Amp l itude  control  ,n 

I  
R l 3 ,  1 4 ,  .1 5  set to F Power Supp ly  

Vcc S u p p l y  ICC - 75 mA at + 5 5 ° €  
C l ock  Input 
Frequency fc 1. 79 2 . 0  MHz 

R i s e  Time tr . 50 nSec - F i g .  1  F a l l  Time tf . 50 nSec Duty Cycle - 40 60 % 
Bus  S i  gna 1 s BDlR,  BCl ,  BC2 
Skew tbo - 50 nSec 
79, A8 ,  DAO-DA7 ( A d d .  Mode)  
Address Set Up tas 300 nSec - F i g .  3  
Time Address H o l d  tah 65 nSec 
Time 
DA0-DA7 ( W r i t e  Mode) 
Wr ite  Data  P u l s e  tdw 500 nSec 
Width -  F i g .  4  Write  Data Set Up T ime tds 550 - nSec W r i t e  D  at a Ho 1 d tdh 100 « nSec Time 
0A0-DA7 (Read  Mode) 
Access Time from RWE tar 200 nSec - F i g .  5  Access Time from Bus Control  ( B C 1 , B C 2 , B D IR )  tab 400 nSec Tr i -State  De lay ttd 400 nSec 

ns85#+ 
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CLOCK AND BUS SIGNAL TIMING :  

cocx 

FIG. 1 

• 

3CI8/ 

3c2/8ct 

e 

l to ' 
ao1A1 Yli-----v,.. 

aca }, 

: K Z T r  2  G I  WET  

..  TSl TS2 TS3 TS4 TSl 

CL0CK O1 
_J I  

I 
CPU CONTROL 

< 
BAR. AOAR 

B C l ,  BC2, BDIR 

'° 
e 

ADDRESS TIMING 
FOR BAR 

ADDRESS TIMING 
FOR ADAR 

FIGURE 3 LATCH ADDRESS T IM ING 
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'  I  

BUS CONTROL 
I  DON 'T CARE I  WRITE I  

S IGNALS 
DON 'T  CARE 

1py 

1� s • -; 

V I H  DA0-DA7 #neg I X DATA 
V I L  

I  
•  

FIGURE 4 WRITE DATA TIMING 

,  
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0A7-2A0 

3 c 1 ,  3c2 

3 2 1 R  

A7-0A0 
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T 
a- I.. 

\ : ---�-- • 2u7?UT5 

______ _,J-\._ _J HIGH IMP��ANCZ 

UT?u75 

HIGH IMPEDANCE 

FIGURE 5 
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I  7 . 0  P IN  FUNCTIONS 

I  1. Vss  21. I/0 AO I/0 Port A 
- 

I  
2 .  Do Not Connect (Test  I n p u t )  2 2 .  C l o c k  Input 

3 .  Ana 1  og Out Channe 1  B 2 3 .  Reset 

I  4 .  Ana log  Out Channe l  A  24 .  Do Not Connect (A9) 

I  
5 .  Do Not Connect 2 5 .  Do Not Connect (AB )  

6 .  I/0 87 26 .  me 

I  7 .  I/0 86 2 7 .  BDIR 

8 .  I/0 85 28 .  BC2 

I  9 .  I/0 84 29 .  BCl 
I  

I  
10 .  I/0 83 Input Port B 30 .  DA7 

11 .  I/0 82 31. DA6 

1 2 .  I/0 Bl 3 2 .  DA5 

1 3 .  I/0 BO 33 .  DA4 Data Address Bus 

14 .  I/0 A7 34 .  DA3 

1 5 .  I/0 A6 3 5 .  DA2 

1 6 .  I/0 A5 Input  Port A 3 6 .  DAl 

1 7 .  I/0 A4 3 7 .  DAO 

1 8 .  I/0 A3 38 .  Ana log out Channel C 

1 9 .  I/0 A2 39 .  Do Not Connect (Test Output )  

20 .  I/0 Al 40 .  Vcc 

s&5Ek+ 
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8 . 0  MECHANICAL CHARACTERISTICS 

8 . 1  PACKAGE DIMENSIONS 

- - 

5% 

==± 
- a r r . =  

r  ......  """  ..  -➔--------♦-·•-----·�·jJ�- 1 8  I · .::.. ": :  .J.._...i�-.�-08-□ -----\ 
: 6 � g �  1_, _· _m_. __ J_�_%!- __ " .l-�--L--� ·"·- �: ·��s-=,;-i --- �-�J \- 

. . .  

.  . .  

d  

8 . 2  SOLDERABILITY 

The p i n s  on t h i s  integrated c i r c u i t  package meet s o l d e r a b i l i t y  as 
given i n  MIL-STD-8838 Method 2003 .2  with the exception of Paragraph 
3 . 2 ,  Ag i n g .  
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Company C o nf i d e n t i a l  

1 . 0  SCOPE 

T h i s  Customer Procurement S p e c i f i c a t i o n  ( C P S )  covers operat ion  of the 
AY-3-8915  N -Channe l  MOS co lor  processor c i r c u i t .  

2 . 0  C I R C U I T  FEATURES 

- Operation from 7 . 1 5 909MHz  crysta l .  

-  F i v e - l i n e  d i g i t a l  s e lect ion  for 1 of 16 c o l o r s ,  b l a n k i n g ,  Sync and co l or  
b ur st .  

3 . 579545MHZ buffered output. 

3 . 0  AMENDMENTS 

T h i s  CPS may on l y  be amended by a written agreement between the p a r t i e s .  

4 . 0  ELECTRICAL ACCEPTANCE SPEC IF ICATION  

The c i r c u i t  must function w i t h i n  the range of e l e c t r i c a l  parameters g iyen i n  
the CPS .  

4 . 1  FUNCTIONAL TESTING 

The AY-3-8915  must be funct iona l  n a  use test defined i n  CPS-10043 
and/or CPS 10049. 

5 . 0  C I R C U I T  DESCR IPT ION  

The required co l or  to be d i sp layed  for each 280 nSec P IXEL  i s  decoded on a 
four l i n e  b inary coded i n p u t .  T h i s  s e l ects  one of sixteen p o s s i b l e  c o l o r s .  
An external r e s i s t o r  network completes the D to A function as shown i n  the 
schematic  F i g .  1  of t h i s  document .  The waveform p l u s  tab l e  i l l u s t r a t e s  the 
use of the f i ve  i nputs  to produce composite sync ,  co lor  burst ,  l i n e  
b l a n k i n g ,  frame b l a n k i n g  and v i d e o .  

The external v i deo  input p i n  prov i des  the ab i l i t y  to superimpose wh i t e  h i g h  
re s o l u t i o n  ( 140  nSec w i de )  v ideo  information over the p icture  ( co l o r  
i m age ) .  
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6 . 0  IMPUT CODE ASSIGNMENT TIME SLOT COLOR OUTPUT D E S CR I PT I O N  
( R ELAT IVE  VOLTAGE AMPLITUDES 

V5 V4 V3 V2 Vl +0 - I  -0 +I 

0 0 0 0 0 4 4 4 4 Co lor  1  
0  0 0  0  1  8  12 7  1  Co lor  2  
0  0  0  1  0  10 4  7  14 Co l or  3  
0  0  0  1  1  10 8  12 12  Co lor  4  
0  0  1  0  0  3  9  12 7 Co lor  5  
0  0  1  0  1  5  11 13 8 Co lor  6  
0  0  1  1  0  10 7  15 15 Co lor  7  
0  0  1  1  1  13 13 13 13 Co l or  8  
0  1  0  0  0  9  9  9  9  Co l or  9  
0  1  0  0  1  8  13 12 7 Co lor  10 
0 1 0 1 0 10 6 11 4 Co lor  11 14 

0 1 0 1 1 9 9 5 5 Color 12 
0 1 1 0 0 14 6 4 12  Co l or  13 
0 1 1 0 1 13 13 7 7 Co l or  14 
0 1 1 1 0 6 10 14 11 Co lor  15 d.  

0 1 1 1 1 12 7 4 9 Co lor  16 
1 X X 0 0 4 4 4 4 B l a n k i n g  
1  X  X  1  a  7  2  6  6  Co lor Burst 
1 X X 0 1 0 0 0 0 Sync 
1 1 1 1 1 0 15 0 15 Test 

X = D o n ' t  Care 

«  «  
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Company Conf i dent ia l  

7 . 0  ELECTRICAL CHARACTERISTICS 

Abso l ute  Maximum Ratings* 

Temperature Under B i a s  

Storage Temperature 

A l l  Input or Output Voltages 
w i t h  respect to Vss  

Vee w ith  respect to Vss 

*Note:  

0C to +100C 

- 5 5 ° C  to + 1 50 ° C  

- 0 . 2 v  to + 9 .  Ov 

- 0 . 2 v  t o  + 9 .  Ov 

Stresses above those l i s ted  under "Abso l ute  Maximum R a t i n g s "  may cause 
permanent damage to the dev i c e .  Th is  i s  a  stress rat i ng  on ly  and funct iona l  
operat ion of the device at these or any other cond i t i o ns  above those i n d i   
cated i n  the operational  sect ions  of t h i s  spec if i cat i on  i s  not i m p l i e d .  
Exposure to absolute  maximum rat i ng  cond i t i o n s  for extended periods  may 
affect device r e l i a b i l i t y .  

OPERATIONAL SPECIFICATION 

Ambient Temperature 

DC CHARACTERISTICS 

0C to +55 ° C  

V s s=0 . 0V ,  Vcc=+4.85V to + 5 . 1 5 V  

CHARACTER I ST! C SYM MIN  TYP MAX UNITS CONDITIONS 

3 . 579545  MHz C lock  Output Cu~put Togi Tow 
Output Log ic  H i g h  

Log i c  Inputs V l ,  V2 ,  V3 ,  
Input Log i c  Low Input Log i c  H i g h  
Input Leakage Current 

VOL 
VOH 

V4, V 5 ,  
V I L  
V I H  
I l l  

0  

2 . 4  
EXT.  VIDEO 

0 

2 . 4  

0 . 5  
Vee 

0 . 7  Vcc 
5 

v o l t s  
vo lts  

v o l t s  
vo lts  
uA 

l .5mAJ +lOOpf 80ua 

V to Vee 
Outputs RFl ,  RF2 ,  RF4, RF8 

tpt ON 

Output OFF 
Supp ly  Current 
Ta Supp Ty  

4 . 0  
10  

60 

mA 
uA 

mA 

Vout=+0.5V  Vout=+2 .4V  

at +55 ° €  Ice 
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Company Conf ident ia l  

I  
AC CHARACTERISTICS SYM M I N  TYP MAX UNITS CONDITIONS 

- - - - 

I  I nput Crysta 1  O s c i l l a t o r  

I  
Frequency F - 7 . 1 5909  -  MHz 7 . 1 5 909  MHz 

Crystal 
Trimmed by 
External 
Capac itors  

3 .579545MHz C lock  Output 

R i s e  T ime tr - - 30 nSec 
F a l l  Time tf - - 25 nSec 
P u l s e  W idth  tw - 140 - nSec 
C l oc k  Per iod tp - 280 - nSec 

Log i c  Inputs v 1 ,  v2 ,  V3 ,  V4, V5 

Set-Up Time tsp 100 - - nSec 
Ho l d  Time thd - - 0 nSec 

Outputs RFl,  RF2 ,  RF4, RF8 

Data Cycle Time tdc - 70 - nSec 
Data Settle Time tds - - 25 nSec 

sf@&ii+ MICROELECTRONICS GROUP 
SPEC.NO. CPS-10035 REV 

SHEET 
5 F 



Company Conf ident ia l  

V A L 1I D  

t r k  

I  

I  

I  

A L 1 D  

N P 0 T  

t  +w -�'tp ---� 
l++ 

I  

I  

I  

I  

Outputs 
RFl ,  RF2, RF4, RF8 

Log i c  Inputs 
V l ,  V 2 ,  V 3 ,  V4 ,  VS 

3 .579545MHz 
Output 

SIGNAL TIMINGS 

ns,El['k coasmo«com 
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I  
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I 

I 
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: I I 7 
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2 0° 7. \1 5 0 q  m H z  

□ 
PIN 2 PM 

RECOMMENDED CRYSTAL CONNECTIONS 
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Company Conf i dent i a l  

8 . 0  P IN  ASSIGNMENT 

p IN FUNCTION 
- 

1 Vss  

2  osc In 

3 osc Out 

4 V5 

5 V4 

6 V3 

7 v2 

8 Vl 

9 RFl 

10 RF2 

11 RF4 

12 RF8 

13 Vcc 

14 Ext .  V i deo  

15 C lock  ( 3 . 5 79545  MHz c lock  output) 

16 No Connection 

17 Test Reset (Connect to Vee )  

18 No Connection 

sf@E5Ek 
SPEC. NO. CPS-10035 REV 

MICROELECTRONICS GROUP 8 F 
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Company C o n f i d e n t i a l  

9 . 0  MECHANICAL CHARACTERISTICS  

9 . 1  PACKAGE D IMENS I ONS  

9 . 2  SOLDERAB IL ITY  

The p i n s  on t h i s  integrated c i r c u i t  package meet s o l d e r a b i l i t y  as 
g i v e n  i n  M IL-STD-8838 Method 2 00 3 . 2  w i t h  the except ion  of Paragraph  
3 . 2 ,  A g i n g .  
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Company Conf i dent i a l  

1.0 SCOPE 

Th i s  Customer Procurement Spec if i cat ion  ( C P S )  covers the funct iona l  
d e scr i p t i o n  for the General Instrument CP-1610  Microprocessor Integrated 
C i r c u i t .  

2 . 0  C I RCU IT  FEATURES 

E i g h t  16 b i t  general purpose reg isters  

Four address ing  modes :  I n d i r e c t ,  d i rect ,  immediate ,  r e l a t i v e  

C o nd i t i o n a l  branching on status word 

16 b i t  2 ' s  complement ar ithmet ic  

Status word:  Carry, overflow, s i g n ,  zero 

Direct memory access (OMA) for h ig h  speed data transfer 

I  3 . 0  AMENDMENTS 

T h i s  CPS may only be amended by a written agreement between the part ies .  

4 . 0  ELECTRICAL ACCEPTANCE SPECIFICATION 

The c i rcu i t  must function w i t h i n  the range of e lectr ica l  parameters g iven i n  
t h i s  CPS .  

4 . 1  FUNCTIONAL TESTING 

The CP-1610 must be functional  i n  the use test defined i n  CPS-10043.  

4 . 2  TARGET FAILURE RATE (at 25c )  

The post burn- in  ( 4 0 ° C ,  6  hours operat iona l )  target fa i l ure  rate for 
t h i s  dev ice i s  0 . 5  percent per thousand hours (average target f a i l u re  
rate ) .  Th i s  number i s  based on an exponential  fa i lure  d i s t r i b u t i o n  
and a thermal activation energy of l . O e v .  

I  5 . 0  DESCR IPTION 

The CP-1610 i s  a  16 b i t ,  s i n g l e  c h i p ,  N-Channel  MOS LSI m i c r o p r o c e s s o r .  
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Company Conf i dent i a l  

- 0 . 2 v  to + 18 .  Ov 

- 0 . 2 v  to + 18 . 0 v  

0C to +100C 

- 5 5 ° C  to +150¢ 

Stresses above those l i s t ed  under "Abso lute Maximum R at i n g s "  may cause 
permanent damage to the dev i c e .  Th is  is  a  stress rating only and functional  
operation of the device at these or any other cond i t i o n s  above those i n d i   
cated i n  the operational sections of t h i s  spec if icat ion  i s  not i m p l i e d .  
Exposure to abso lute  maximum rat ing  cond i t i ons  for extended periods may 
affect dev ice  r e l i a b i l i t y .  

Operational  Spec if icat ion  

I  

I  
6 . 0  ELECTRICAL CHARACTERISTICS 

Abso lute Maximum Ratings 

I  Temperature Under B i a s  

Storage Temperature 

I  A l l  Input or Output Voltages 
w i t h  respect to Vbb 

I  Vee ,  V dd ,  V ss  w ith respect to Vbb 

I  
*Note :  
-- 

Ambient Temperature 0c to +55 °¢  
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1 D . C .  CHARACTERISTICS 

Vss  =  0 . 0 V ,  Vcc = +4 .85¥ to + 5 . 1 5 V ,  Vdd = +10 .8V  to + 1 1 . 8 ¥  
Vbb = - 2 . 1 V  to - 2 . 4 V  

Bus Control S i g n a l s  

BDlR BC2 BCl 

0 0 0 
0 0 1 

0 1 0 

0 1 1 
1 0 0 

1 0 1 

1 1 0 
1 1 1 

CHARACTERISTIC 

C lock  Inputs g1, 92 

H i g h  
Low I 
Input Current 

S i g n  a  1  

NACT 
ADAR 

IAB 

OTB 
BAR 
DW 
DWS 
INTAK 

SYM 

V IHC  
V ILC  
ICL 

M IN  

10 . 4  
0  

MAX 

1 2 . 5  
0 . 6  

20 

UNITS 

Vo l t s  
Vo l t s  
mA 

CONDITIONS 

V IHC  =  1 2 . 5  Vo lts  

Decoded Funct ion  

No ACTion,  D0-D15 = h i g h  impedance 
Address Data  to Address Reg i s ter ,  
00-015 = h i g h  impedance 

Interrupt Address to B u s ,  D0-015 
= Input 

Data to B us ,  D0-015 = Input 
Bus to Address Register 
Data Wr ite  
Data Wr ite Strobe 
INTerrupt AcKnowledge 

Logic Inputs 
P i n s  6 , 7 , 8 , 9 , 1 0 , 1 1 ,  

1 2 , 1 3  I l l  1 4 , 1 5 , 1 6 , 1 7 ,  1 8 , 1 9 , 2 0 , 2 1 ,  
2 7 , 3 1  I I H  

Log ic  Outputs DB 

100 

0 

1200 uAmps 

200 uAmps 

VIN =  0  Vo lts  

V  IN +  2  .  4  Vo l t s 

Low 
H i g h  

Control Outputs 

P i n s  3 , 4 , 5 , 2 9  
Low 
H i g h  

Power Supp ly Current 

Vdd Supp ly 
Vee Supp ly 
Vbb Supp ly 

VOL 
VOH 

VOLC 
VOHC 

Idd 
Ice 
Ibb 

2 . 4  

3 . 0  

0 . 5  Vo l t s  
Volts 

0 . 5  Vo lts  
Volts 

z ± 3 mA 

IOL = 500u AJ + IOH = 120uA 150pf 

IOL = lOOOuAJ + IOH = lOOuA lOOpf 

at +55 °C  

Note:  Input capacitance of a l l  l o g i c  p i n s ,  10pf max 
V I N =  O V @  1MHz .  
Not measured dur ing production test .  
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· I  Company Conf i dent 1 a l  

I  A . C .  CHARACTERISTICS 

CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS 

I  
- - - 

C l oc k  P u l s e  Inputs 
1 02 

I  
P u l s e  W idth  t1 ,t2 160 nSec at Log i c  1  

Skew ( 0 1 , 0 2  de l ay )  tl2 ,  t21 0 nSec 
C l ock  Per iod  tcy 0 . 5  0 . 5 6 0  uSec 

I  
R i s e  Time O t o  1  40 nSec 
F a l l  T ime 1  to 0 40 n Sec 

BUS SIGNALS 00-015 

I  Output delay from tbo 200 nSec IOH = ] 
I ( f loat  to output) IOL = 500uA 150 pf 
Input set up time tbl 200 nSec 
before 1 

I  Input H o l d  t ime tb2 100 nSec 
after 01 

Bus Control S i g n a l s  
BCl ,  BC2 ,  BD IR  

Output de 1 ay from [120 nSec IOH = lOOuA +lOOpf 
VOH = 2 .  2V 

01 toe 175 nSec IOH = lOOuA +lOOpf 
VOH = 3 .0V  

Skew 30 nSec 
BOSAK Output Delay 
from d1 tbu 250 nSec 

6@E5Ek MICROELECTRONICS GROUP 
SPEC.NO. CPS-10036 REV 
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Company Conf i dent i a l  

I  7 . 0  P IN  ASSIGNMENTS 

1 No Connection 21 0B2 

I  MSYC 2 22 No Connection 

I  
3 BCl 23 No Connection 

4 BC2 24 No Connection 

I  5 BD I R  25 No Connection 

6 0B15 26 No Connection 

I  7 0B14 27 INTRM 

I  
8 0B13 28 Connect to +5V 

9 0B12 29 EU5AK 

10 0B11 30 No Connection 

11 0B10 31 BUSRQ 

12 089 32 Connect to +5V 

13 088 33 Connect to +5V 

14 DBO 34 Vcc 

15 0B1 35 Vbb 

16 087 36 Vdd 

17 0B6 37 02 

18 085 38 1 

19 0B4 39 Vss  

20 083 40 Connect to +5V 

6fE5 MICROELECTRONICS GROUP 
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Company C o n f i d e nt i a l  
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Company Confident ia l  

8 . 0  MECHANICAL CHARACTERISTICS 

8 . 1  PACKAGE DIMENSIONS 

7 
55% 

8 . 2  SOLDERABILITY 

The p i n s  on t h 1 s  integrated c i rcu it  package meet s o l d e r a b i l i t y  as  

given in  MIL-STD-8838 Method 2003 . 2  with the exception of Paragraph 
3 . 2 ,  Ag i n g .  
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Company Conf ident i a l  

1.0 SCOPE 

2 . 0  

T h i s  Customer Procurement S pec i f i cat i o n  ( C P S )  covers the functional  
de scr i pt i on  for the AY-3-8900-1 STIC MOS I . C .  

CIRCUIT FEATURES 

o Outputs i n c l u de  coded s i g n a l  t i m i n g s  for NTSC compat ib le  v i deo  s i g na l  
generat ion .  

o  Operation from a 3 . 5 79545  MHz c l o c k .  

o  8  coordinate addressable foreground objects on a grid of 167H by 105V of 
wh ich  159 x 96 are v i s i b l e  p o s i t i o n s .  

o  Foreground objects independent ly programmable for ha lf  he i g ht ,  y  zoom, x 
zoom and 8 or 16 character l i n e s  h i g h .  

o  Se lectab le  background d i s p l ay  on a matrix of 20 H by 12 V u s i n g  8  x  8  
p icture e lements .  

o  16 d i g i t a l l y  se lectab le  c o l o r s .  

o  Capable of accepting data, address and graph ics  information on common 
mu l t i p l exed  b u s .  

3 . 0  AMENDMENTS 

Th i s  CPS may on ly  be amended by a written agreement between the part ies .  

4 . 0  ELECTRICAL ACCEPTANCE SPECIFICATION 

The c i r c u i t  w i l l  b e  subjected to the e lectr ica l  parameters g i ven  i n  the 
CPS .  

4 . 1  FUNCTIONAL TESTING 

The AY-3-8900-1 must be functional  i n  a  use test defined i n  CPS-10043 .  

4 . 2  TARGET FA ILURE RATE (at 2 5 °C )  

The post burn- in  ( 40C ,  6  hours operat i ona l )  target f a i l u r e  rate for 
t h i s  device i s  0 . 5  percent per thousand hours (average target f a i l u r e  
r a t e ) .  Th i s  number i s  based on an exponential  f a i l u r e  d i s tr i b u t i o n  
and a thermal act ivat ion  energy of l . O e v .  

ms{{El5['k.=a=moo 
FORM 1£102 (4/82) 

SPEC.NO. 

SHEET 

CPS-10037 
2 

REV 

F 



5 . 0  

Company Conf ident ia l  

SYSTEM DESCRIPTION 

The AY-3-8900-1 STIC i s  des igned for use w i t h i n  a  computer system hav i ng  an 
external  CPU and an area of ROM and RAM memory. Some of the memory must be 
ded icated to the support of the graphic  character descriptors and patterns .  

The d i s p l a y  f a c i l i t i e s  of the c i r c u i t  are separated into two s i m u l t a n e o u s l y  
operating  modes .  The main  c h i p  function provides e ight  coordinate 
pos i t i o ned  "foreground" objects,  wh i ch  have a number of d i s p l a y  opt ions  
i n c l u d i n g  se l e ct i o n  from a cho ice  of s ixteen c o l o r s .  The second mode 
provides a background d i s p l ay  f a c i l i t y ,  wh ich  i s  composed of a matrix of 
twelve rows by twenty co lumns of wh ich  19 are composed of 8 x 8 p i cture  
elements and the 20th 7 x 8 p icture e lements .  The "background" mode 
u t i l i z e s  a  ded icated area of external memory ( 240  by 14 b i t  words )  to store 
the character control codes for each d i s p l a y  po s i t i o n  and both modes requ ire  
some external memory assigned to the storage of the character patterns .  The 
graphic pattern memory i s  e ight  b i t s  w i d e .  

The AY-3-8900-1 operates w i t h i n  the computer system by time s har i ng  a  b i   
d i rect i ona l  14 b i t  b u s .  The demu lt i p l e x i n g  and the system synchron izat ion  
are def ined by three sets of control s i g n a l s .  

The main  synchron ization which operates at the T . V .  frame rate uses SRl ,  SR2 
and SR3 .  The SRl s i gna l  occurs once per frame and it  is  used to synchronize 
the CPU algorithms to the intended d i s p l ay  sequences .  SRl ind icates  that 
STIC t ime is  complete and that the AY-3-8900-1 has switched to the CPU 
cont ro 1 1  ed mode .  

SR2 i s  issued thirteen or fourteen times per picture frame depending on 
p icture offset .  The AY-3-8900-1 takes t h i s  s i g na l  low to request the f irst  
l i n e  access for a new row of twenty characters .  

The SR3 s i g na l  operates in  conjunction  w i t h  SR2 to read the "background"  
character descr iptors out of external memory. The AY-3-8900-1 p u l s e s  SR3 
p o s i t i v e  for each character p o s i t i o n .  Once the first l i n e  has been accessed 
by the SR2 ,  SR3 combinat ion ,  the fo l l ow i ng  fifteen l i n e s  to complete the 
8 x 8 array are fetched by SR3 a l o n e .  

The SR3 s igna l  i s  a lso  i ssued  dur ing  the CPU contro l l ed  mode i n  response to 
BAR, ADAR or OW to enab le  an external device on the 14 b it  BUS .  

The second control bus i s  used to specify address ,  read and write sequences 
for the area of external memory used to store the graphic character "dot" 
patterns .  The three s i g n a l s  on t h i s  bus are B A R ' ,  OTB '  and D W S ' .  The BAR '  
i s  output by the AY-3-8900-1 when a v a l i d  graph ics  character address i s  on 
the 14 b i t  b u s .  The external memory must latch th i s  address for future read 
or write operat ions .  The DTB '  s i g n a l  i n d i c ates  that a "read" i s  requested 
and the external memory must p lace the e ight  b i t s  of character pattern onto 
the 14 b i t  b u s .  The DWS '  s i g n a l  i n d i c a te s  that a "wr ite"  i s  requested .  
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L \ I f  w s t  t w i s t s  

5 . 0  cont .  

The graphic  control bus is  used dur ing  "STIC" t ime  i n  the fetch of 
"foreground" object patterns and "background" object patterns .  During the 
non "STIC"  t ime when in  the CPU contro l l ed  mode,  the graph ic s  control bus 
can be used to l i n k  the memory area conta i n i ng  the graphics patterns to the  
ma in  memory area of the external m icroprocessor .  

The th ird  control bus communicates w ith  the external CPU .  T h i s  bus  
comprises s i g n a l s  BCl ,  BC2 and B D l R .  They are coded to s i g n i fy  address,  
read and write sequences .  The CPU control bus i s  on ly  va l i dated  if the 
AY-3-8900-1 1 s  i n  the CPU contro l l ed  mode ,  otherwise it is  ignored .  
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6 . 0  DATA STRUCTURES 

6 . 1  HORIZONTAL POSITION DATA WORD 

8 b i t s  o f  an  11  b i t  word are used to control the horizontal  
p o s i t i o n i n g  of a foreground object to a v i s i b l e  reso l ut i on  of one part 
i n  1 6 7 .  

The actual X coordinate po s i t i o n s  are 8 to 167 and the extra seven 
locat ions  are used to permit objects to progress i ve ly  "d isappear"  i nto  
the border area. 

The extra seven locat ions  are on the left hand s i de  and effect ive ly  
g i ve  a  negative p o s i t i o n i n g  of seven un its  off the screen .  

The data for the objects are loaded into address locat ions  ( 0 ) g  
through ( 7 ) g  i n  ST IC .  The lower e ight b i t s  of the word (080-087 )  
defines its horizontal  p o s i t i o n .  The ninth b it  selects whether the 
moving object i s  interactive or non- i nteract i ve .  The tenth b i t  
controls the v i s a b i l i t y .  

The eleventh b it  is an X zoom control w h i c h ,  if set to a log ic  1 ,  
c locks  out the object shift register at ha lf  speed which doubles the 
object s i ze  d isplayed on the screen in  the X d i r ect i o n .  

The hor izontal pos it ion  b its  are designated as follows :  

11 10 9 8 7 6 5 4 3 2 1 

Horizontal  pos i t i on  of object 

Interactive/Non-interactive 

V i s i b l e / i n v i s i b l e  

Zoom i n  X  

'----r-----------------.� 
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6 . 2  VERTICAL POSITION DATA WORD 

7 b i t s  o f  a  12 b i t  word are used to control the vertical  p o s i t i o n i n g  
of each moving object to a reso lut ion  of one part i n  104 .  

The actual Y coordinate po s i t i o n s  a l so  a l l ow  objects to disappear top 
or bottom and an extra eight po s i t i o n s  are provided above the top of 
the active screen area. 

The data for the Y coordinate po s i t i o n s  are loaded into address 
l ocat i ons  ( 1 0 ) g  through ( 1 7 ) g  w i t h i n  ST I C .  The lower seven b i t s  
of the word define the vert ica l  Y  p o s i t i o n  of the top edge of the 
object .  The e ighth  b i t  allows the character to be drawn as an 8 X 8 
matrix or an 8 X 16 matr i x .  The s i g n i f i c ance  of the larger matrix i s  
that you can have a h i gher  reso l ut i on  object by u s i ng  the h a l f  he ight  
feature or it  may s imp ly be used to draw more comp lex shapes w i t h i n  
the vert ica l  rectang l e .  If a s ixteen l i n e  p icture (data  changes )  i s  
required ,  the start pos i t ion  for the character address i n  memory must 
have the lower bit  (DB3 )  at a l og ic  zero to a l l o w  STIC to 
consecut ively address s ixteen e ight-b it  words .  The data patterns 
w i t h i n  the memory must be organized to allow sixteen l i n e  characters 
to occupy two consecutive eight byte b locks  w i t h i n  the graphics memory 
area .  (ST I C  provides the lower four b it  binary, current l i n e  address 
to memory rather than a three b it code as used in  eight l i n e  
p i c t u r e s ) .  

The ninth b it  controls the vert ica l  s ize  of the minimum picture 
element P IXEL .  Throughout the description of AY-3-8900-1 character 
d i s p l ay  capabi l i t i es ,  the minimum picture element, P I X EL ,  is defined 
as a "square" having a timed width equal to the period of the color 
reference crystal ,  approx imately 280 n S e c . ,  and a vert ical  he ight  of 
two drawn l i n e s  on a non-interlaced 262 l i n e  ha lf  frame . The 
"foreground" or "moving" objects have a ha lf  he ight control wh i c h  
a l lows  a  pattern change on a l l  drawn lines  instead of every second 
l i n e ,  and th i s  reduces the min imum P IXEL  to 280 nSec by one drawn 
l i n e .  The ninth bit control ,  if set to a l o g i c  l ,  causes the 
corresponding moving  object to be drawn over e ight  video l i n e s  instead 
of the normal sixteen l i n e s ,  assuming the b i t  10 i s  at a l og i ca l  " 0 " .  
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6 . 2  cont .  

The eleventh and twelfth b its  respectively control the X and Y m irror .  
The tenth b it  contro l s  Y  zoom and operates in  a b inary manner with the 
1 or 2 l i n e  select b i t  to provide a vertical  se lect ion  of 1 ,  2 ,  4 ,  or 
8 drawn l i n e s  before a data change.  The maximum height object wou ld  
be s ixteen data l i n e s  times 8 wh ich  is  128 v i s i b l e  l i n e s .  

The vert ica l  pos i t i o n  b i t s  are designated as f o l l ow s :  

12 5 4 3 2 1 

Vertical  pos i t i on  of object 

a or 16 l i n e  picture sequence 

Vertical dot s i z e  1  or 2 l i n e  

Zoom i n  Y  

Mirror i n  

Mirror i n  Y  

BIT 10 

0 

0 

1 

1 

BIT 9 

0 Data change each l i n e  

1  Data change every two l i n e s  

0  Data change every four l i n e s  

1  Data change every eight l i n e s  
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6 . 3  FOREGROUND OBJECT IDENTIFICATION AND CONTROL 

Locations ( 2 0 ) g  through ( 2 7 ) g  w i t h i n  ST IC  store the object l i brary  
address b i t s  and the color and control information for the e ight  
foreground objects .  The lower three b its  select 1 of the f irst  8  
a v a i l a b l e  c o l o r s .  The next 9 b i t s  define the character start address 
from a l i brary of 512 p o s s i b l e  characters .  The thirteenth b i t  
operates in conjunction with the three co lor  b its  to g i v e  a  1  from 16 
c o l or  s e l ect i on .  The fourteenth b i t  contro l s  the d i s p l ay  pr ior ity  of 
that part i cu l ar  foreground object re lat ive  to the background .  A  l o g i c  
zero in  th i s  b i t  a l l ows  the foreground object color to replace any 
background character where there i s  an over lap  of the drawn image .  
The foreground objects themselves have a related pr ior ity i n  that a 
lower numerica l  object has a h i g h e r  v i s i b l e  p r i o r i t y  that a h i g h e r  
numerical  object, i . e ,  object zero takes precedence over a l l  other 
objects ,  object one covers a l l  except zero ,  etc .  The pr iority draw i s  
c ond i t i o n a l  upon the object be i n g  v i s i b l e .  If an i n v i s i b l e  object has 
been programmed it can be interactive w ith  a l l  other objects but it  
w i l l  not enter the pr ior ity draw l o g i c .  Th is  stops i n v i s i b l e  
foreground objects from producing a 'negat i ve '  effect if it has  a  
pr ior ity  over any background character wh i c h  i t  may over lap .  

The effect of pr ior ity defines which object shou ld  control the co l or  
d i s p l a y  on areas which over lap .  Because the priority may be changed 
on any frame, th is  may be used by the programmer to produce a three 
di mens ion al effect of objects be ing  in front of some background 
d isp lays  and behind others.  The identif ication  and control words are 
designated as fo llows :  

14 13 12 11 10 9 8 7 6 5 4 3 2 1 

I MKl I a l  CHARACTER START ADDRESS l e l a l e »  l  

B IT  FUNCTION LOGIC 0 LOGIC 1 

MK1 Prior ity Control Foreground Background 
MK2 Color Control Group A Group A and B 
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6 . 4  FOREGROUND OBJECT COMPUTER CONTROL 

The CPU must accept the 8900 STIC i n  its memory map of 0g to 77g .  
In general most words or b its  are read/write but there are some 
except ions .  The b i t  c o ntro l l i n g  the CPU re lease  of the 14 b i t  bus 
c a l l e d  ' S p e c i a l  B i t ' ,  i s  write on ly  to the C PU .  The interact ion  words 
at ( 3 0 ) g  to ( 3 7 ) g  are set by the STIC  and can set or be reset by 
the CPU .  

There are three words c o n t ro l l i n g  each of the e ight  foreground 
objects,  an X coordinate,  a Y coordinate and an object de scr i p tor .  

6 . 5  FOREGROUND OBJECT INTERACTION 

Moving Objects - During  d i s p l ay  of the active p icture ,  a l l  interactive  
objects are opt iona l ly  inspected for over lap with other interactive 
objects .  An "overlap"  i s  defined such that a l og ic  l  or active area 
of one object i s  overlapped on a l og i c  1  of any other object .  E i ther  
or both objects may be i n v i s i b l e .  

I f  an overlap is  detected, the h i t  s i gna l  i s  stored in  an e ight  word 
array posit ioned at addresses ( 30 ) a  to ( 3 7 ) g  w i t h i n  ST IC .  The 
array is  organized as eight by ten b it  words and the lower byte i s  
assigned a matrix with s ign if icance relative to the numerica l  value of 
the object. Word zero, b it  zero i s  used for object zero, b it one for 
object zero overlapp ing w ith  object one ,  etc .  The bits for an object 
interacting with itself are wired to a permanent zero and cannot be 
set by the CPU .  

I  
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Object O 

l 

2 

3 

4 

5 

6 

7 

""'_, , ,,.- . .  .,/  -  - · .  

BR BO 7 6 5 4 3 2 l 0 

o o a a 1 a a a 1 o 

a 1 o o o a 1 a o 1 

1 o a a 1 a o o o a 

0 0 0 0 0 0 0 0 l 0 

o 1 a 1 1 a o o a a 

0 0 l O O l O l O l 

0 0 0 0 0 l O O O 0 

a a o a 1 a a o o a 

D - Background Character 

BR - Border 

Above i s  a  p o s s i b l e  pattern w i t h i n  the i nteract ion  matr ix .  

Background Objects - b i t  n i n e  of the interaction matrix i s  used to 
i nd i c ate  i f  a  foreground object overlapped any background object. A 
background object i s  defined as a character pattem drawn i n  the 
background mode or any co lor  w h i c h  f s  not wh i te  i f  drawn i n  the 
co lored squares mode. 

Border - The e i g ht  foreground objects are inspected a ga i n s t  a  border 
now", and i f  an i nteract i ve  character i s  o ver l a p p i n g  the edge of 

t h i s  "w indow" the tenth b i t  of the Interact ion  Word w i l l  be set to a 
l o g i c  one. 
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6 . 6  COMPUTER CONTROL OF INTERACTIONS 

The i n teract i o n  record area of STIC i s  set by any shape over lap  i f  the 
appropr iate  i nteract ion  b i t  has been set.  The STIC g i v e s  control to 
the CPU from the start of an interrupt per iod by i s s u i n g  S R I .  At t h i s  
t ime the CPU can inspect i n teract i ons  and perform the normal t imed 
object movement. The STIC i s  not comp lete ly d i s a b l ed  at t h i s  t ime  and 
i t  s t i l l  a l l ow s  the CPU to pass data to and from the graph i cs  memory 
area u s i n g  ST IC  l o g i c  for t i m i n g  and control  s i g n a l s .  There i s  a  
l o cat i o n  w i t h i n  STIC  at address 40g wh i c h  i s  the CPU-STIC  control 
known as Spec i a l  B i t .  Th i s  l ocat ion  may be reset to a l o g i c  zero by 
w r i t i n g  from the CPU ,  and t h i s  must occur dur i ng  the next 3 . 5  mSec,  i f  
the next frame i s  to be drawn by STIC .  I f  the i nteract ion  matr ix has 
not been cleared pr i or  to the STICK be i n g  a l lowed to d i s p l a y  a  new 
frame, any new i n teract ions  w i l l  OR w ith  the o l d  data. 

6 . 7  BACKGROUND OBJECTS 

The background d i s p l ay  of the STIC system i s  organ ized into  a  matr ix  
of twenty hor izontal  p o s i t i o n s  by twelve vert ica l  p o s i t i o n s  for a 
total of 240 l o c a t i o n s .  The 240 s e l ect i o n  words are accessed i n  
sequence from external memory. 

Each "card" locat ion on the screen i s  def ined completely by a 14 b i t  
word. The three least s i g n i f i c a n t  b i ts  defined 1  of 8 colors for 
the object to be d isp layed and i s  used on conjunction w i t h  control b i t  
BK2 ( D8 12 )  to  produce a total cho ice of 1 of 16 co l or s .  The next n i n e  
b i t s  def ine  the character start address from an external l i b r a ry  of 
5 1 2  characters. The i n d i v i d u a l  rows w i t h i n  a  character are read 
automat ica l ly  by the 8900-1 u s i n g  a  Y 0 ,  Y 1 ,  Y 2  three l i n e  connect i on .  

The top three b i t s  of the word ( 0 8 1 1 ,  0 8 1 2 ,  0 8 1 3 )  are control b i t s  
wh i ch  describe some extra features a v a i l a b l e  dur ing  the background 
d i s p l a y .  There are three modes under wh i ch  these codes can be 
interpreted .  Two of these operate on the background c o l or  wash and 
the th i rd  code s pec i f i es  the co lored squares mode. These modes are 
exp l a i ned i n  greater detail  under a separate head i ng .  

The draw i ng  sequence for background characters i s  def i ned by t i m i n g  
l o g i c  w i t h i n  the 8900-1 and control l o g i c  w i t h i n  the system RAM.  The 
system i s  synchron ized by the SRl ( i n t e r r u p t )  s i g n a l  from the S T I C ,  
w h i c h  i s  a  negat ive  go i ng  edge generated one l i n e  after the end of 
a c t i v e  p i c t u r e .  
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6 . 7  cont. 

The CPU accepts t h i s  s i g n a l  as an interrupt request and i n  sequence i t  
w i l l  i s s ue  an acknowledge,  INTAK, on the control b u s ,  B C l ,  BC2,  BDIR. 
The INTAK i s  decoded by the STIC  and used to c lock SRl back to a l o g i c  
one c o n d i t i o n .  

The t i m i n g  of the background data fetch i s  synchron ized w i t h  SR2 and 
SR3.  The f i r s t  SR2 s i g n a l s  the start of STIC t ime to the 9600.  
Subsequent SR2s i n d i c ate  that a new row of characters has been 
requested by the 8900-1 .  SR3 i s  p u l s ed  p o s i t i v e  to request each 
i n d i v i d u a l  character descr i ptor .  

6 . 8  BACKGROUND MOTION 

The ent ire  background f i e l d  may be moved by programm ing hor izontal  and 
vert i ca l  offset words wh i ch  are located at address 60g for X and 
6lg for Y .  These words are of three b i t s  and they are used to 
prov ide an offset of the p icture o r i g i n  by an amount of up to e ight  
counts i n  X  and Y .  

The non-offset cond it i on  i s  0 ,  0  i n  the two stores and as the numbers 
are increased, the "p icture "  o r i g i n  w i l l  correspond ing ly move r i ght  
and down. To remove the effect of a "wrap around" d i s p l ay  where ha l f  
an object is  at the top and h a l f  at the bottom, or left and r ight  as 
the case may be ,  there are two control b i t s  located at address 62g .  
B i t  zero set to a one effect ively extends the left hand border to 
cover the f ir st  co lumn of cards and correspond inb ly b i t  one i s  used to 
extend the top border to cover the f i rst row. For a l l  co nd i t i o n s  
other than 0 ,  O  i n  the offset words,  there w i l l  s t i l l  be a 20 X 12 
card d i s p l a y  with  fractional  cards around the per iphery.  The X and Y 

offset and t h e i r  control b its are complete ly  independent and may be 
used i n  any comb i nat ion .  

Note that the o r i g i n  for the background d i s p l ay  and the foreground 
po s i t i o n s  are locked together and that a mov ing background w i l l  a l s o  
move the foreground. 
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6 . 9  COLORED SQUARES MOOE 

To extend the un i versa l  a p p l i c a t i o n  of the 8900- 1 ,  an extra c a p a b i l i t y  
i s  prov ided for more c o l o r  p rog rammab i l i ty  than the b a s i c  one object 
on one card approach. 

T h i s  extra mode i s  co lored squares and i t  operates by t a k i n g  an 
i n d i v i d u a l  8  X  8  card and r edef i n i n g  i t  as four 4 X 4 squares.  Each 
of the 4 X 4 squares can be programmed separate ly to one of seven 
co lors  (from Group A ) .  I f  all the background matr ix  was se lected i n  
co lored squares mode, t h i s  would prov i de  an array of 40 X 24 where 
each of the 960 squares are separately programmed for c o l o r .  

The colored square word i s  des ignated as fo l o w s :  

13 12 11 10 9 8 7 6 5 4 3 2 1 
I  C2 I  I I  ]  7 g Z EI Z E  3  Z  EI I 

I  I  I  WORD i mos 2 1  I  WORD l I  WORD 4 

The three co lor  b i t s  of each of the four words d irect ly  
defines the color i n s i de  the corresponding square. The 
cond it i on  of three ones wh ich  would be a wh i te  square,  
i s  trapped by the d i s p l ay  l o g i c  and the current back 
ground co lor  i s  drawn in  that square. 

7 . 0  BACKGROUND COLOR 

I 

• 

There are two modes a v a i l a b l e  wh ich  prov ide  control of the background co l o r  
wash. The part icu lar  mode selected i s  defined by the CPU wr i t i n g  or read i n g  
address 4lg w i t h i n  the 8900-1.  The background c o l o r  wash mode throughout 
any part i cu l a r  frame of 240 cards can only be changed dur ing  the CPU 
interrupt t ime i n i t i a t ed  by SRI .  

Mode ] - I f  address 4lg i s  read by the CPU ,  the 8900-1 w i l l  operate i n  the 
f irst background mode. Th i s  mode uses a four word, four b it  cyc l i c  stack and 
a stack po i nter .  The four words are po s i t i o ned  at 50g - 53g on DB0 - DB3 
i n c l u s i v e ,  and may be accessed by the CPU d u r i n g  the interrupt per iod  
f o l l o w i n g  S R I .  The stack po inter  i s  c ontro l l ed  by BKl and a l o g i c  zero w i l l  
leave the po i nter  at i t s  current p o s i t i o n ,  a  l o g i c  one w i l l  step the po i n ter  
to the next p o s i t i o n .  The stack i s  a  cont i nuous  loop and w i l l  carry around 
the end p o s i t i o n .  When the po i nter  i s  incremented the new co l o r  wash w i l l  
appear on the card wh i ch  caused the increment.  
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7 . 0  cont.  

The use of the co lored squared code i n  any "card" p o s i t i o n  i n h i b i t s  the 
act ion  of BKl and redefines i t  as the C2 control b i t ,  thereby h o l d i n g  the 
stack po i nter  at i t s  current p o s i t i o n .  

The po i n ter  i s  reset to the top of the stack at the end of act ive  p i c t u re .  

Mode 2 - I f  address 4lg i s  wr itten  to by the CPU ,  the 8900-1 w i l l  operate 
i n  the second background mode. The 14 b i t  word i s  now coded to conta in  
program i nformat ion  for both the background character co lor  and the co lor  
wash beh ind  that character .  T h i s  a l l ow s  the programmer to def i ne  a  co lored 
"object" on a co lored card effect w i t h  complete control of and random c o l o r  
changes necessary. 

The recording of the background descr iptor to add the background co lor  wash 
reduces the character address word to s i x  b i t s ,  a l l o w i n g  two further b i t s  for 
use i n  co lor cod i ng .  The three b i t s  of background c o ntro l ,  B K l ,  BK2 ,  and BK3 
are a l s o  redefined .  
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7 . 0  cont .  

BACKGROUND MODES:  

MOOE 1 :  

I  BKl I  BK2 I  [ T e l a  I  9  B I T  CHARACTER ADDRESS 

BKl BK2 BK3 COLOR STACK POINTER 

0 o X  Group A - Current 

1  o X Group A - Next 

o 1 X Group B - Current 

1 1 X Group B - Next 

X 1 a 

X 1 o COLORED SQUARES 

0813  0812  08 1 1  

COLORED STACK 

MODE 2 :  

COLOR STACK POINTER 

C2 BK2 BK3 Cl CO 

A/B c2 Cl  co 

A/B C2 C l  co 

A/B C2 Cl co 

A/B C2 C l  co 

6 B I T  CHARACTER ADDRESS C2 C l  CO 

C2, C l ,  CO - co lor  code for background wash 

BK2 - A/B control b i t ,  operates on co l or  wash and not on character 
co lor  for mode two. 

A l o g i c  zero selects f i r s t  o pt i o n ,  l o g i c  one se lects  second. 
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7 . 1  

Company Conf ident i a l  

BORDER COLOR 

The active area of the d i s p l a y  i s  surrounded by a colored border .  The 
border may be drawn i n  any of the s ixteen co l or s ,  and it  may be 
programmed by the CPU v i a  a  four b i t  store at address 54g,  wh i c h  is  
adjacent to the background co lor storage .  The border co lor  i s  
programmed dur i ng  the interrupt period f o l l ow i n g  SRl and i t  may be 
changed i n  any frame. 

8 . 0  STIC TIMING 

The bas ic  t i m i n g  of the device can be segregated into three operating areas .  
These areas are d irect ly  related to the real t ime  raster scan operation of a 
domestic t e l e v i s i o n  rece iver .  

The areas are :  

1 .  Active drawn l i n e  
2 .  Active l i n e  retrace 
3 .  Vert ica l  retrace period 

1 .  The Act ive Drawn L i n e  defines the period when a row of se lectab le  
dots are be ing drawn on the t e l e v i s io n  screen. During th is  t i me  a  
s i n g l e  video l i n e  from a row of "background" characters is drawn , 
u s ing  the control s i g n a l s  SR2,  SR3, B A R ' ,  OTB '  and data from an 
area of external memory. 

The v i s i b l e  dot patterns for a "foreground" object are a l so  output 
at t h i s  t ime .  

2 .  The Active  L i n e  Retrace i s  the period when the dot pattern for the 
i n d i v i d u a l  "foreground objects are fetched from external memory. 
The control s i g n a l s  which are active at th i s  time are BAR '  and 
D T 8 ' .  

3 .  The Vert ica l  Retrace Period extends from the last l i n e  at the 
bottom of the active picture u n t i l  a  period two l i n e s  before the 
restart of the active p icture .  The AY-3-8900-1 i nd i cates  the start 
of the retrace operation by i s s u i n g  a  negative pu l se  on SRl .  Th i s  
p u l s e  is  used by the external CPU as an i n d i c at i o n  that the STIC 
has f i n i s hed  drawing a p i c t ure .  At the end of the vert ica l  retrace 
period the CPU w i l l  lose access to the memory area contained w i t h i n  
the 8900-1 c h i p ,  if spec ia l  b i t  has been set .  To allow the CPU to 
access memory on the 14 b i t  bus the 8900-1 c h i p  operates so that 
the three l i n e s  S00, S01,  S02 and YO ,  Yl and Y2 can copy 
b i - d i re c t io na l ,  under contro l  of the CPU BUS BCl ,  BC2 ,  B D I R .  
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9 . 0  

Company Conf i dent ia l  

ELECRICAL CHARACTERISTICS 

Absolute Maximum Ratings* 

Temperature Under B i a s  
Storage Temperature 
A l l  Input or Output Vo ltages 
w i t h  respect to Vbb 

V e e ,  Vdd & Vss w ith  respect to Vbb 

0C to +100°¢  
- 5 5 ° C  to + 1 50 ° C  

- 0 . 2 V  to + 9 . 0 V  
- 0 . 2 V  to +9 .0V  

*NOTE:  

Stress above those l i s t e d  under "Abso lute  Maximum R at i n g s "  may cause 
permanent damage to the d e v i c e .  Th i s  i s  a  stress rating on ly  and funct iona l  
operation of the device at these or any other cond i t i o n s  above those 
i nd i cated  i n  the operational  sections of t h i s  spec if icat ion  i s  not i m p l i e d .  
Exposure to abso lute  maximum rating cond i t i o n s  for extended periods  may 
affect dev ice  r e l i a b i l i t y .  

For def i n it i o n  of contro l s igna l  codes on BC l ,  BC2 ,  B D I R ,  p lease refer to 
sheet 3 CPS-10036 .  
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I Company Conf i dent i a l  

I  OPERATIONAL SPECIF ICATION 
Ambient Temperature 0C  to +55 ° C  

I  D . C .  CHARACTERISTICS 

I  
Vss  = O . O V ,  Vee = 5 . 4 5 V  to 5 . 9 5 V ,  Vbb = - 2 . l V  to - 2 . 4 V  
CHARACTERISTIC SYM M I N  MAX UNITS CONDITIONS 

- - - 

I  Bus Inputs 
$00-SD13 ,  YO-Y3 

I  L o g i c  Low V I L  0 . 7  V o l t s  Log i c  H i g h  V I H  2 . 4  Volts Leakage I l l  5  uA VIN =  OV to Vee 
I  Bus Outputs 
I  SDO-SD13,  YO-Y3 Log ic  Low VOL 0 0 . 5  Vo lts  IOL = lOOuA +100pf Log i c  H i g h  VOH 2 . 4  Vee Vo l t s  IOH = lOOuA 
I  

Control Inputs 
I  BCl,  BC2,  BD IR ,  RSTI N ,  CLOCK 
I  

Log i c  Low V I L  0 . 7  Volts Log i c  H i g h  V I L  2 . 4  Volts Leakage I I L  5  uA VIN  =  OV to Vee 
I  Control Ouputs 
I  SR1 ,  SR2, VSYNC Log ic  Low VOL 0 . 5  Vo lts  IOL = 500uAJ + lOOpf Log i c  H i g h  VOH 2 . 4  Vcc Vo lts  !OH = lOOuA 
I  BAR], DTBl ,  0wSl Log i c  Low VOL 0 . 5  Vo l t s  IOL = lOOuAJ +50pf Log ic  H i g h  VOH 2 . 4  Vee Vo l t s  !OH = lOOuA 

SR3 Log ic  Low VOL 0 . 5  Vo lt s  IOL = lOOuAJ +50pf Log i c  H i g h  VOH 3 . 0  Vee Vo l t s  IOH = lOOuA 

sf&E5Ek 
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D . C .  CHARACTERISTICS ( c o n t . )  

CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS 

C l ock  Outputs 

0 1 ,  02 
Log ic  Low VOL 0 . 5  Vo lt s  IOL = lrnA J + lOOpf 
Log i c  H i g h  VOH 2 . 4  Vee Vo l t s  IOH = lOOuA 

Power Supp ly_ Current 

Vee Ice 170 mA at +55 °C  
Vbb Ibb 3 mA 

Note: Input capacitance of a l l  log ic  p i n s ,  I0pf max 
V I N =  O V @  1MHz. 
Not measured during production test .  
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A . C .  CHARACTERISTICS 

CHARACTERISTIC 

C l o c k  Input Freq .  
R i s e  T ime 
F a l l  Time 
P u l s e  Wdth 

CPU Time 

Data Bus ( i n p u t )  
SDO-SD13 
Address Set Up 
Address Over lap  
Wr i te  Set Up 
Wr ite  Over lap  
SDO-SD2 to Y0-Y2 
bus copy 

Data Bus ( o utput )  
SDO-SD13 
Turn On De lay 
Turn Off Delay 
Y0-Y2 to SDO-SD2 
bus copy 

SYM 

fc 
trc 
tfc 
ewe 

tas 
tao 
tws 
two 
tdy 

tda 

tdo * 
tyd 

M I N  

100 

150 
30 

400 
200 

MAX 

30 
20 
130 

125 

200 

UNITS 

MHz 
nSec 
nSec 
nSec 

nSec 
nSec 
nSec 
nSec 
nSec 

nSec 

Company Cont d e n t 1 a l  

CONDITIONS 

3 . 5 79545  exter na l ly  
adjusted 

Data v a l i d  at start 
of copy 

Data val i d  at start 
of copy 

BCl ,  BC2, BDIR Setup tcs 
BCl ,  BC2, BDIR Over lap tea 

0 

250 
nSec 
nSec 

*For a BAR or ADAR w ith i n  the STIC or GRAPHICS memory address the STIC w i l l  perform 
a look-ahead READ immediately after the v a l i d  address .  The f o l l ow i n g  OTB s igna l  i s  
o n ly  used to d i sab le  the READ sequence at the appropriate t ime .  If a WRITE 
sequence i s  detected the look-ahead READ i s  d i s ab l e d  i n  OW t ime and a v a l i d  WRITE 
procedure i s  completed during DWS. 

Clock Outputs 0 1 ,  02 

R i s e  T ime 
F a l l  Time 
Overlap 
P u l s e  W idth  

Control Turn On 
$R3, BAR, oral 
0WS 
Turn Off 

tr 
tf 
to 
tcw 

ton 

toff 

0 

170 

40 
30 

40 

40 

nSec 
nSec 
nSec 
nSec 

nSec 

nSec 
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STIC TIME M I N  MAX UNITS  

Background Per iod  

Control  S i g n a l s  
SR3 Turn On 0 40 nSec 
SR3 Turn Off a 40 nSec 
BAR} ,  D T B l ,  Turn On O 40 nSec 
BAR} ,  D T B \ ,  Turn Off  0  40 nSec 
Y Bus D r i v e  9  250 nSec 

Graph ics  Bus Read 

Set Up  D T l  U 200 nSec 
H o l d  0TB! J 0 nSec 

Foreground Per iod  

SB and Y Bus D r i v e  250 nSec 
SB and Y Bus Ho ld  0 U  0  nSec 

Graphics  Bus Read 

Set Up  DTBl lV 200 nSec 
Ho ld  TBl 0 nSec 

• 
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C C f ompany on i d e n t i a l  

I  

I  

I  

I  

I  

= I  
t  

I I  I  I  

\ I  I  I  

STIC INPUT 

CLOCK 
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Company Conf i d e nt i a l  
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Company Conf ident i a l  

I  10 . 0  P IN  CONNECTIONS 

I  
1 Vss 21 V2 

2 SR3 22 Vl 

I  3 0WS '  23 5013 

4 DT8 '  24 $012 

I  5 BAR '  25 5011 

I  
6 BC2 26 $010 

7 BCl 27 509 

I  8 BD I R  28 508 

9 SRl 29 507 

I  10 01 30 506 

I  
11 02 31 505 

12 SR2 32 504 

I  13 SYNC 33 $03 

I  
14 RSTIN 34 502 

15 C lock  35 501 

I  16 V4 36 500 

17 Vss  37 YO 

I 18 V3 38 Y1 

I 

I 
19 V5 39 Y2 

20 Vee 40 Vbb 

I  
I  
I  

I  
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Company Conf i dent i a l  

1 1 . 0  MECHANICAL CHARACTERISTICS 

1 1 . 1  PACKAGE DIMENSIONS 

I  

±gs_/ 
. 0 5 0  1  

«  

1 1 . 2  SOLDERABILITY 

The p ins  on th i s  integrated c i r cu i t  package meet s o l d erab i l i ty  as 
given i n  MIL-STD-8838 Method 2003 . 2  with the exception of Paragraph 
3 . 2 ,  Ag i ng .  
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Company Conf i dent i a l  

1 . 0  SCOPE 

Th i s  Customer Procurement Spec if icat ion  ( C P S )  covers the AY-3-9504 N-Channel 
MOS, I . C .  The patterns programmed into these cartridge ROMs are des ignated  
lXX and 2XX for cartridge use and designated 021 for upper EXEC u se s .  

2 . 0  C IRCU IT  FEATURES 

o Mask programmable storage prov i d i ng  2048 X 10 b i t  words .  

o Memory map c i rcu i try  to p l ace  the 2K ROM page w i t h i n  a  65K memory area .  

o  10 b i t  tr i-state  bus with h i g her  6  b i t s  dr iven  to zero during read 
operat ions .  

3 . 0  AMENDMENTS 

Th i s  CPS may on ly  be amended by a written agreement between the part i e s .  

4.0  ELECTRICAL ACCEPTANCE SPEC IFICAT ION 

The c i rcu i t  must function w i t h i n  the range of e lectr ica l  parameters g iven i n  
th i s  CPS .  

5 . 0  CIRCU IT REQUIREMENTS 

The R0-3-9504 operates as the program memory for systems u s i ng  a  CP1600 
series microprocessor. It is  configured as 2048 X 10 b it  words and conta ins  
severa l  features which reduce the device count in a pract ical microprocessor 
app l i cat i o n .  Two R0-3-9504 R0MS (lXX and 2XX patterns )  make up one game ROM 
set and one R0-3-9504 ROM ( 021 )  i s  used as the upper EXEC .  

6 . 0  OPERATING DESCRIPT ION 

From i n i t i a l i z a t i o n ,  the 9504 wa its  for the f irst  address code ,  e . g . ,  BAR. 
For th i s  address code and a l l  subsequent address sequences ,  the 9504 reads 
the 16 b i t  external bus and latches the va l ue into its address r e g i s t e r .  

The 9504 contains  a programmable memory map location for its  own 2K page,  
and if a v a l i d  address is detected, the part icu lar  address located w i l l  
transfer its  contents to the ch ip  output buffers .  If the control code 
fo l l ow i n g  the address cycle was a READ ,  the 9504 w i l l  output the 10 b i t s  of 
addressed data and drive a l og i c  zero on the top s i x  b its  of the b u s .  
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Company Conf ident ia l  

6 . 1  INPUT CONTROL SIGNALS 

BDlR BCl BC2 EQUIVALENT SIGNAL RESPONSE 

0 0 0 NACT NACT 
0 0 1 IAB 
0 1 0 ADAR ADAR 
0 1 1 OTB (READ) OTB 
1 0 0 BAR BAR 
1 0 1 OWS 
1 1 0 DW 
1 1 1 INTAK BAR 

7 . 0  ELECTRICAL CHARACTERISTICS 

Abso lute Maximum Rat ings 

Temperature Under B i a s  

Storage Temperature 

A l l  Input or Output Voltages 
with  respect to Vss 

Vee with respect to Vss 

0c to +100€ 

-55C to +150¢ 

-0 . 2 V  to +9 .0V  

- 0 . 2 V  to +9 . 0 V  

Note: 

Stresses above those l i sted  under "Absolute Maximum Rat i ng s "  may cause 
permanent damage to the dev i ce .  Th i s  i s  a  stress rating only and functiona l  
operat ion of the device at these or any other cond it ions  above those 
indicated i n  the operational sect ions  of t h i s  spec if icat ion  i s  not i m p l i e d .  
Exposure to abso lute maximum rating cond it ions  for extended per iods  may 
affect dev ice r e l i a b i l i t y .  
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Company Conf ident ia l  

OPERATIONAL SPECIF ICATION 

Ambient  Temperature 

D . C .  CHARACTERISTICS 

V s s  =  0 . 0 V ,  V e e =  +4 .85 to + 5 . 1 5 V  

0C  to + 5 5 ° C  

CHARACTERISTIC 

Bus and Control Inputs 

Input Log ic  Low 
Input L o g i c  H i gh  
Leakage 

CPU Bus Outputs 

Output Log ic  Low 
Output Log ic  H i gh  

Supp ly Current 

Vee Supp ly  

A . C .  CHARACTERISTICS 

CHARACTERISTIC 

Inputs 

Address Set Up 
Address Overlap 

CPU Bus Ouputs 

Turn On De lay 
Turn Off De lay 
Access Time 

SYM 

V I L  
V I H  
Ill 

VOL 
VOH 

Icc 

SYM 

tas 
tao 

tda 
tdo 
tac 

M I N  

0  
2 . 4  

0  

2 . 4  

MIN 
-· 

300 

80 

MAX 

0 . 7  

Vcc 
5 

0 . 5  
Vcc 

74 

MAX 

65 

350 

350 
1.5  

UNITS 

Vo l t s  
Vo l t s  
uad 

Vo lt s  

mA 

UNITS 

nSec 
nSec 

nSec 
nSec 
uSec 

CONDITIONS 

V I N  =  OV to Vcc 

-, 

IOL = 1 .5mA I  
IOH = 80uA j +lSOpf 

at +55C 

CONDITIONS 

Note:  Input capacitance of a l l  l o g i c  p i n s ,  10pf max VIN=OV @  1MHz 
Not measured dur ing  production test .  

I  
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Company Conf ident ia l  

8 . 0  P I N  CONNECTIONS 

1 vcc 15 Vss 

2 No Connection 16 087 

3 No Connect 1on  17 0B6 

4 0815 18 No Connection 

5  No Connection 19 DBS 

6 0814 20 084 

7 0B13 21 083 

8 0812 22 No Connection 

9 0B11 23 082 

10 0810 24 081 

11 No Connection 25 080 

12 0B9 26 B0IR 

13 0B8 27 BC2 

14 No Connection 28 BCl 
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Company Conf i dent i a l  

9 . 0  MECHANICAL CHARACTERISTICS 

9 . 1  PACKAGE DIMENSIONS 

.oo 
7yp 

= z  -  3r 
i  o 

NpEX POINT 

-el..DO Ax 7Y 

e 13e 1,3a% 

. 060 R  
7Yy  

i f -.- "f a  

9 . 2  SOLDERABILITY 

The p ins  on th i s  integrated c i r c u i t  package meet so l derability  as 

given i n  MIL-STD-8838 Method 2003 . 2  with the exception of Paragraph 
3 . 2 ,  Ag i ng .  
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Company Conf ident ia l  

1 . 0  SCOPE 

Th i s  Customer Procurement Spec i f i c at i o n  ( C P S )  covers the functional  
de scr i pt i o n  for the AY-3-8900 STIC MOS I . C .  

2 . 0  C I R C U I T  FEATURES 

o Outputs i n c l u de  coded s i g na l  t i m i n g s  for C C I R  v i deo  s i g na l  generat ion .  

o  Operation from a 4 .0000 MHZ c l o c k .  

o  8  coord inate  addressable foreground objects on a gr id  of 167H by 105V of 
wh i c h  159 x 96 are v i s i b l e  p o s i t i o n s .  

o  Foreground objects independent ly  programmable for ha lf  he ight ,  y  zoom, x 
zoom and 8 or 16 character l i n e s  h i g h .  

o  Se lectab le  background d i s p l ay  on a matrix of 20 H by 12 V u s i n g  8 x  8  
p i cture  e lements .  

o  16 d i g i t a l l y  se lectable  c o l o r s .  

o  Capable of accepting data,  address and graphics information on common 
mu l t i p l e xed  bus .  

3 . 0  AMENDMENTS 

Th is  CPS may only be amended by a written agreement between the part ies .  

4 . 0  ELECTRICAL ACCEPTANCE SPECIFICATION 

The c i r c u i t  w i l l  be subjected to the e l e c t r i c a l  parameters g i v e n  i n  the 
CPS .  

4 . 1  FUNCTIONAL TESTING 

The AY-3-8900 must be functional  i n  a  Use Test defined i n  CPS-10049.  

4 . 2  TARGET FAILURE RATE (at 2 5 ° C )  

The post burn- in  ( 4 0 ° ,  6  hours operat i ona l )  target f a i l u r e  rate for 
t h i s  dev ice i s  0 . 8 5  percent per thousand hours (average target f a i l u r e  
r a t e ) .  Th i s  number i s  based on an exponentia l  f a i l u r e  d i s t r i b u t i o n  
and a thermal act ivat ion  energy of l . O e v .  
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j  5 . 0  SYSTEM DESCRIPTION 

The AY-3-8900 STIC  i s  des igned for use w i t h i n  a  computer system having an 
external CPU and an area of ROM and RAM memory. Some of the memory must be 
dedicated to the support of the graph ic  character descriptors and patterns .  

The d i s p l a y  f a c i l i t i e s  of the c i rcu i t  are separated into two s imu l taneou s ly  
operating modes .  The main c h i p  function provides e ight coordinate 
pos it ioned  "foreground" objects, which have a number of d i s p l ay  opt ions  
i n c l u d i n g  se l ect i o n  from a choice of s ixteen c o l o r s .  The second mode 
provides a  background d i s p l ay  f a c i l i t y ,  which i s  composed of a matrix of 
twelve rows by twenty columns of which  19 are composed of 8 x  8  p icture 
elements and the 20th 7 x 8 p icture e lements .  The "background" mode 
u t i l i z e s  a  dedicated area of external memory (240 by 14 b i t  words) to store 
the character control codes for each d i s p l ay  pos it ion  and both modes require 
some external memory ass igned to the storage of the character patterns .  The 
graphic pattern memory i s  eight b its  w i d e .  

The AY-3-8900 operates w i t h i n  the computer system by time sharing a b i   
d irect iona l  14 bit b u s .  The demu l t i p l ex i ng  and the system synchronizat ion 
are def ined by three sets of control s i g n a l s .  

The main synchronization which operates at the T . V .  frame rate uses SRl ,  SR2 
and S R 3 .  The SRl s i g na l  occurs once per frame and it is used to synchronize 
the CPU algorithms to the intended d i s p l a y  sequences .  SRl i nd icates  that 
STIC time is  complete and that the AY-3-8900 has switched to the CPU 
control led mode .  

SR2 i s  issued thirteen or fourteen times per picture frame. The AY-3-8900 
takes t h i s  s igna l  low to request the first l i n e  access for a new row of 
twenty characters .  

The SR3 s i g n a l  operates in conjunct ion  with SR2 to read the "background"  
character descriptors out of external memory. The AY-3-8900 pu lses  SR3 
pos i t i v e  for each character p o s i t i o n .  Once the first l i n e  has been accessed 
by the SR2, SR3 comb inat ion ,  the f o l l o w i n g  fifteen l i n e s  to complete the 
8 x 8 array are fetched by SR3 a l o n e .  

The SR3 s igna l  i s  a l so  used during the CPU c o n t r o l l e d  mode to operate as a 
drive selector on the 14 bit b u s .  

The second control bus is  used to specify ad dre s s ,  read and write sequences 
on the area of external memory used to store the graphic character "dot"  
patterns .  The three s i g n a l s  on t h i s  bus are B A R ' ,  DTB '  and D W S ' .  The BAR'  
i s  output by the AY-3-8900 when a v a l i d  graphics character address i s  on the 
14 b i t  bus .  The extern al memory must latch th i s  address for future read or 
write operat ions .  The OTB '  s i g na l  ind i cates  that a "read"  i s  requested and 
the external memory must p lace the e ight  b i t s  of character pattern onto the 
14 b it  b u s .  The DWS '  s i gna l  i n d i cates  that a "write "  i s  requested and the 
external memory must complete the sequence w i t h i n  625 nanoseconds .  
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5 . 0  cont .  

The graph ic  control bus i s  used dur i ng  "STIC"  time i n  the fetch of 
"foreground" object patterns and "background" object patterns .  D ur i n g  the 
n o n - " ST I C "  t ime  when the CPU i s  i n  command, the graphics control bus i s  used 
i n  a  semi-copy mode to l i n k  the memory area conta in i ng  the graph ic  patterns 
i n to  the main memory area of the external microprocessor .  

The th ird  control bus communicates with the external  CPU .  Th i s  bus 
comprises s i g n a l s  BCl ,  BC2 and B D I R .  They are coded to s i g n i fy  address ,  
read and write sequences .  The CPU contro l  but i s  on ly  va l i d ated  if the 
AY-3-8900 i s  in  the CPU contro l l ed  mode ,  otherwise it is  ignored .  
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6 . 0  DATA STRUCTURES 

6 . 1  HORIZONTAL POSITION  DATA WORD 

8 b i t s  of an 1 1  b i t  word are used to control the hor izonta l  
p o s i t i o n i n g  of a foreground object to a v i s i b l e  reso l u t i o n  of one part 
i n  1 6 7 .  

The actual X coord inate p o s i t i o n s  are 8 to 167 and the extra seven 
l ocat i on s  are used to permit objects to progress i ve ly  " d i s appear "  i n t o  
the border area .  

The extra seven l ocat ions  are on the left hand s i de  and effect ive ly  
g i v e  a  negat ive  p o s i t i o n i n g  of seven u n i t s  off the screen. Any object 
would d i sappear  i f  moved to the r ight s i n c e  the X coordinate i s  the 
left hand edge of the character. 

The data for the objects are loaded into address locat ions  ( 0 ) g  
through ( 7 ) g  i n  STIC.  The lower e i g ht  b i t s  of the word (D80-D87)  
def ines i ts  hor izontal  p o s i t i o n .  The n i nth  b i t  selects whether the 
mov ing  object i s  i nteract i ve  or non- i nteract i ve .  The tenth b i t  
controls  the v i s a b i l i t y ,  and u s i n g  t h i s  b i t  i n  conjunct ion w i th  the 
i nteract ive  b i t ,  a l l  comb i n at i ons  are p o s s i b l e .  

The eleventh b i t  i s  an X zoom control wh i c h ,  i f  set to a l o g i c  1 ,  

c locks  out the object sh ift  reg ister at h a l f  speed wh ich  doubles the 
object s i z e  d i sp l ayed on the screen i n  the X d irect ion .  

The horizontal po s i t i o n  b i t s  are des ignated as fo l l ow s :  

11  10 9 8 7 6 5 4 3 2 1 

or izonta l  pos i t i o n  of object 

I nteract ive/Non- interact i ve  

i s i b l e / i n v i s i b l e  

corn i n  X  
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6 . 2  VERTICAL POSITION DATA WORD 

7 b i t s  o f  a  12 b i t  word are used to control the vertical  p o s i t i o n i n g  
of each mov i n g  object to a reso l ut i o n  of one part i n  104. 

The actual Y coord inate pos i t i ons  a l s o  a l l o w  objects to d i s appear  top 
or bottom and an extra e i g h t  p o s i t i o n s  are prov ided above the top of 
the act i ve  screen area.  

The data for the Y coordinate p o s i t i o n s  are loaded into address 
l ocat i on s  ( 1 0 ) g  through ( l 7 ) g  w i t h i n  ST IC .  The lower seven b i t s  
of the word def ine  the vert ica l  Y  p o s i t i o n  of the top edge of the 
object. The e i ghth  b i t  a l l ows  the character to be drawn as an 8 X 8  
matr ix  or an 8 X  16 matr ix .  The s i g n i f i c a n c e  of the larger matr ix  i s  
that you can have a h igher  reso l ut ion  object by u s i n g  the h a l f  he ight  
feature or it  may s imp ly  be used to draw more comp 1 ex shapes w i t h i n  
the vert ical  rectangle. If  a  s ixteen l i n e  p icture (data changes )  i s  
requ ired,  the start po s i t i o n  for the character address i n  memory must 
have the lower b i t  (D83 )  at a l o g i c  zero to a l l o w  STIC to 
consecutive ly address s ixteen e i g h t -b i t  words. The data patterns 
w i t h i n  the memory must be organ ized to a l l o w  s ixteen l i n e  characters 
to occupy two consecutive e i g ht  byte b locks  w i t h i n  the graph ics  memory 
area. ( ST IC  prov ides the lower four b i t  b i nary ,  current l i n e  address 
to memory rather than a three b i t  code as used i n  e i g ht  l i n e  
p i c t u r e s ) .  

The n i nth  b i t  controls ther vertica l  s i z e  of the min imum  p icture 
element P I XEL .  Throughout the descr ipt ion of AY-3-8900 character 
d i s p l ay  c a p a b i l i t i e s ,  the m in imum p icture element ,  P I X EL ,  i s  defined 
as a "square" hav i ng  a  t imed width equal to the period of the 
reference crysta l ,  approximately 250 n S ec . ,  and a vert ica l  he ight of 
two drawn l i n e s  on a non- i nter l aced  3 1 2  l i n e  h a l f  frame. The 
"foreground" or "moving"  objects have a h a l f  h e i g h t  control wh i c h  
a l l ow s  a  pattern change on a l l  drawn l i n e s  i nstead of every second 
l i n e ,  and t h i s  reduces the min imum P IXEL to 250 nSec by one drawn 
l i n e .  The n i n th  b i t  contro l ,  i f  set to a l o g i c  1 ,  causes the 
correspond ing mov ing object to be drawn over e i ght  v i deo  l i n e s  instead 
of the normal s ixteen l i n e s .  
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6 . 2  cont .  

The e leventh and twelfth b its  respectively control the X and Y m irror .  
The tenth b i t  contro l s  Y  zoom and operates in  a binary manner w ith  the 
1 or 2 l i n e  select b i t  to provide a vertical  se lect ion  of 1 ,  2 ,  4 ,  or 
8 drawn l i n e s  before a data change .  The maximum height object wou ld  
be s ixteen data l i ne s  times 8 wh i ch  is  128 v i s i b l e  l i n e s .  

The vert ica l  p o s i t i o n  b i t s  are designated as fol lows :  

ertical pos it ion  of object 

or 16 l i n e  picture sequence 

ertica l  dot s i z e  1  or 2 l i n e  

1  2  3  4  7  10 9 

irror i n  X  

jrror in Y 

BIT 10 B IT 9  

0  0  Data change each l i n e  

0  1  Data change every two l i n e s  

1  0  Data change every four l i nes  

1  1  Data change every eight l i n e s  
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6 . 3  FOREGROUND OBJECT IDENTIFICATION ANO CONTROL 

Locat ions ( 2 0 ) g  through ( 2 7 ) g  w i t h i n  STIC store the object l i b rary  
address b i t s  and the co lor  and control i n format ion  for the e i ght  
foreground objects. The lower three b i t s  select a 1 of the f i r s t  8  
a v a i l a b l e  c o l o r s .  The next 9 b i t s  are the character start address 
from a l i b r a ry  of 512  p o s s i b l e  characters.  The th irteenth b i t  
operates i n  conjunct ion w i t h  the three co lor  b i t s  to g i v e  a l  from 16 
co l o r  s e l e c t i o n .  The fourteenth b i t  contro ls  the d i s p l a y  pr ior i ty  of 
that pa rt i c u l a r  foreground object r e l a t i v e  to the background. A l o g i c  
zero i n  t h i s  b i t  a l l ow s  the foreground object co lor  to replace any 
background character where there i s  an overlap of the drawn image.  
The foreground objects themselves have a related pr i o r i ty  i n  that a 
lower numerical object has a h i gher  v i s i b l e  pr ior i ty  that a h i g her  
numerical  object, i . e ,  object zero takes precedence over a l l  other 
objects,  object one covers a l l  except zero, etc. The pr ior i ty  draw i s  
cond it i ona l  upon the object be i ng  v i s i b l e .  If  an i n v i s i b l e  object has 
been programmed it  can be i nteract ive  w ith  a l l  other objects but i t  
w i l l  not enter the p r i o r i ty  draw l o g i c .  Th i s  stops i n v i s i b l e  
foreground objects from producing a ' negat i v e '  effect i f  i t  has a 
p r i o r i ty  over any background character wh ich  i t  may over l ap .  

The effect of pr ior ity  def ines who shou ld  control the co lor  d i sp l ay  on 
areas which over lap .  Because the pr ior ity  may be changed on any h a lf  
frame, t h i s  may be used by the programmer to produce a three 
d imens iona l  effect of objects be ing  i n  front of some background 
d i s p l ay s  and beh ind others. The i dent i f i c at i o n  and control words are 
designated as fo l l ows :  

14 13 12 11 10 9 8 7 6 5 4 3 2 l 

I  MKl I  MK2 I  CHARACTER START ADDRESS I  C2 I  C l  I  co I 
B I T  FUNCTION LOG IC 0 LOGIC 1  
- 

MKl P r i o r i ty  Contra 1 Foreground Background 
MK2 Co l o r  Control Group A Group A and B 
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6 . 4  FOREGROUND OBJECT COMPUTER CONTROL 

The CPU must accept the 8900 STIC w i th  a  memory map of 0g to 7lg .  
In general mast words or b i t s  are read/write but there are some 
except ions .  The b i t  c o n t r o l l i n g  the CPU re lease  of the 14 b i t  bus 
called ' S pec i a l  B i t ' ,  i s  wr i te  only to the CPU. The i nteract ion  words 
at ( 3 0 ) g  to ( 3 7 ) g  are set by the STIC and can set or be reset by 
the CPU. 

There are three words c o n t r o l l i n g  each of the e i g ht  foreground 
objects ,  an X coordinate,  a  Y  coordinate and an object descriptor.  

6 . 5  FOREGROUND OBJECT INTERACTION 

Mov i ng  Objects - Dur i ng  d i s p l ay  of the act ive  p i c t u re ,  a l l  i nteract ive 
objects are o pt i o n a l l y  inspected for over lap  w ith  other i n teracti ve  
objects. An "over lap "  i s  def ined such that a log i c  1  or act ive area 
of one object i s  overlapped on a l o g i c  1  of any other object. E ither  
or both objects may be i n v i s i b l e .  

I f  an overlap i s  detected, the h i t  s i g na l  i s  stored i n  an e ight  word 
array pos it ioned  at addresses ( 30 ) g  to ( 3 7 ) g  w i t h i n  STIC. The 
array i s  organ ized as e ight by ten b i t  words and the lower byte i s  
ass igned a  matr ix  w ith s ig n i f ic a nce  re l at i ve  to the numerical va lue of 
the object. Word zero, b i t  zero i s  used for object zero, b i t  one for 
object zero over lapp i ng w i th  object one ,  etc. The b i t  apparently 
a v a i l a b l e  for an object i nteract i ng  w i th  it s e l f  are w i r ed  to a 
permanent zero and cannot be set by the CPU. 
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BR BO 7 6 5 4 3 2 1 0 

0 0 0 0 1 0 0 0 1 0 

0 1 0 0 0 0 1 0 0 1 

1 0 0 0 1 0 0 0 0 0 

0 0 0 0 0 0 0 0 1 0 

0 1 0 1 1 0 0 0 0 0 

0 0 1 0 0 1 0 1 0 1 

0 0 0 0 0 1 0 0 0 0 

0 0 0 0 1 0 0 0 0 0 

BD - Background Character 

BR - Border 

Above i s  a  poss i b l e  pattern w i t h i n  the interaction matrix. 

Background Objects - b it  n i n e  of the interact ion matrix i s  used to 
i nd icate  i f  a  foreground object overlapped any background object. A 
background object i s  def ined as· a character pattern drawn i n  the 
background mode or any co lor  wh i c h  i s  not wh ite  i f  drawn i n  the 
colored squares mode. 

Border - The e i ght  foreground objects are inspected aga i n st  a  border 
now", and i f  an i nteract i ve  character i s  over l app i n g  the edge of 

t h i s  "window" the tenth b i t  of the Interaction Word w i l l  be set to a 
l o g i c  one. 
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6 . 6  COMPUTER CONTROL OF INTERACTIONS 

The i nteract ion  record area of STIC i s  set by any shape overlap i f  the 
appropr iate  i n teract i on  b i t  has been set. The STIC g i v e s  control to 
the CPU from the start of an interrupt per i od  by i s s u i n g  S R I .  At t h i s  
t ime  the CPU can inspect i nteract ions  and perform the normal timed 
object movement. The STIC i s  not comp lete ly  d i s a b l e d  at t h i s  t ime and 
i t  s t i l l  a l l ows  the CPU to pass data to and from the graph ics  memory 
area u s i n g  STIC l o g i c  for t i m i n g  and control s i g n a l s .  There i s  a  
l ocat i on  w i t h i n  STIC  at  address 40g wh i c h  i s  the CPU-STIC control 
known as Spec ia l  B i t .  T h i s  l ocat ion  may be reset to a l o g i c  zero by 
w r i t i n g  from the CPU ,  and t h i s  must occur dur ing the next 6 . 4  mSec, i f  
the next half frame i s  to be drawn by STIC. If the i nteract ion  matr ix  
has not been c leared p r i o r  t o  the STIC be i ng  al lowed to d i sp lay  a  new 
h a l f  frame, any new interactions w i l l  OR w ith  the o l d  data. 

6 . 7  BACKGROUND OBJECTS 

The background d i s p l ay  o f  the 8900 STIC system i s  organ ized into  a  
matr ix  of twenty horizontal p o s i t i o n s  by twelve vert ica l  po s i t io n s  for 
a total of 240 l o c a t i o n s .  The 240 s e l e ct ion  words are accessed i n  
sequence from external memory. 

Each "card" locat ion  on the screen i s  defined completely by a 14 b i t  
word. The three least s i g n i f i c a n t  b i t s  def ined the 1 of 8 c o l ors of 
the object to be d isp layed and i s  used on conjunction w i t h  control b i t  
BK2 ( D8 12 )  to product a cho ice of 1 of 16 co lors .  The next n i n e  b its  
def i ne  the character start address from an external l i b r a ry  of 5 1 2  
characters. The i n d i v i d u a l  rows w i t h i n  a  character are read 
automatica l ly by the 8900 u s i n g  a  Y O ,  Y l ,  Y2 three l i n e  connect ion .  

The top three b i ts  of the word ( D 8 1 1 ,  D 8 1 2 ,  D 8 1 3 )  are control b i t s  
wh ich  descr ibe some extra features a v a i l a b l e  dur i n g  the background 
d i s p l a y .  There are three modes under wh ich  these codes can be 
i nterpreted .  Two of these operate on the background co l or  wash and 
the th i rd  code spec i f i e s  the co lored squares mode. These modes are 
exp la i ned  i n  greater deta i l  under a separate head i ng .  

The drawing sequence for background characters i s  def ined by t i m i n g  
l o g i c  w i t h i n  the 8900 and control l o g i c  w i t h i n  the system RAM. The 
system i s  synchron ized by the SRl ( i n t errupt )  s i g n a l  from the STIC ,  
w h i c h  i s  a  negat ive  g o i n g  edge generated one l i n e  after the end of 
act ive  p icture .  
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6 . 7  cont. 

The CPU accepts t h i s  s i g n a l  as an interrupt request and i n  sequence i t  
w i ll  i s s u e  an acknowledge,  INTAK, on the control b u s ,  B C l ,  BC2,  BDlR. 
The INTAK i s  decoded by the STIC and used to c lock SRl  back to a l o g i c  
one c o n d i t i o n .  

The t i m i n g  of the background data fetch ing  i t  synchronized w ith  SR2 
and SR3.  The f irst  SR2 s i g n a l s  the start of STIC t ime to the 9600. 
Subsequent SR2s i nd icate  that a new row of characters has been 
requested by the 8900. SR3 i s  p u l s ed  p o s i t i v e  to request each 
i n d i v i d u a l  character descr iptor .  

6 .8  BACKGROUND MOTION 

The ent i re  background f i e l d  may be moved by programming horizontal  and 
vert ica l  offset words wh i c h  are located at address 60g for X and 
6 l g  for Y .  These words are of three b i t s  and they are used to 
p rov i de  an offset of the p icture o r i g i n  by an amount of up to e i ght  
counts i n  X  and Y at the f u l l  reso l ut ion  of the system. 

The non-offset condit ion  i s  0 ,  0  i n  the two stores and as the numbers 
are i n c r e a s e d ,  the " p i c t u r e "  o r i g i n  w i l l  c o r r e s p o n d i n g l y  move r i g h t  
and down. To remove the effect of a "wrap a r o u n d "  d i s p l a y  where h a l f  
an object i s  at the top and h a l f  at the bottom, or left and r i g ht  as 
the case may b e .  There are two c o n t r o l  b i t s  at address 62g where 
b i t  zero can be set to a one to e f fect ive ly extend the left hand 
border to cover the f i r st  co lumn of cards .  B i t  one i s  used to extend 
the top border to cover the f i r s t  row. For a l l  cond i t i o n s  other than 
0 ,  O  i n  the offset words ,  there w i l l  s t i l l  be a 20 X 12 card d i s p l a y  
w ith  fractional  cards around the periphery .  The X and Y offset and 
the i r  control  b i t s  are comp lete ly  independent and may be used i n  any 
comb i nat ion .  

Note that the o r i g i n  for the background d i s p l a y  and the foreground 
p o s i t i o n s  are locked together and that a mov ing  background w i l l  a l s o  
move the foreground. 
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6 . 9  COLORED SQUARES MODE 

To extend the un iversa l  app l i cat ion  of the 8900, an extra capab i l i ty  
i s  provided for more co lor  programmabi l ity than the bas ic  one object 
on one card approach .  

Th i s  extra mode i s  colored squares and i t  operates by tak ing  an 
i n d i v i d u a l  8  X  8  card and redefin ing  it  as four 4 X 4 squares .  Each 
of the 4 X 4 squares can be programmed separately to one of e i g ht  
co l ors  (from Group A ) .  If a l l  the background matrix was selected i n  
colored squares mode, th i s  would provide an array of 40 X 24 where 
each of the 960 squares are separately programmed for co l or .  

The colored square word i s  designated as fo l l o w s :  

• 

I  I t  J I  I I  l  
-Vo  4  WOR! 3 WOR! Z WORD T 

. d r a m _ P e p  

The three color b its  of each of the four words d irectly 
defines the color i n s i d e  the corresponding square .  The 
cond it ion  of three ones which would be a wh i t e  square ,  
i s  trapped by the d i s p l ay  l o g i c  and the current back 
ground color is  drawn from that square. 

7 . 0  BACKGROUND COLOR 

There are two modes a v a i l a b l e  wh ich  provide control of the background co lor  
w a s h . ·  The part icu l ar  mode selected i s  defined by the CPU w r i t i n g  or reading  
address 4lg w i t h i n  the 8900. The background color  wash mode must remain 
stab l e  throughout any part i c u l ar  frame of 240 cards but may be changed d ur i ng  
the CPU interrupt time i n i t i a t e d  by SRl .  

Mode 1 - If address 4lg i s  read by the CPU ,  the 8900 w i l l  operate i n  the 
f i rst  background mode.  Th i s  mode uses a four word, four b it  c y c l i c  stack and 
a stack p o i n t e r .  The four words are pos it i oned  at 50g - 53g on DB0 - DB3 
i n c l u s i v e ,  and may be accessed by the CPU d ur i ng  the interrupt period 
fol l ow i ng  SRl. The stack pointer i s  control led by BKl and a l o g i c  zero w i l l  
leave the pointer at i ts  current p o s i t i o n ,  a  l og i c  one w i l l  step the po i nter  
to the next p o s i t i o n .  The stack is  a  cont inuous  loop and w i l l  carry around 
the end p o s i t i o n .  When the po inter  i s  incremented the new co lor  wash w i l l  
appear on the card wh ich  caused the increment.  
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]  7 . 0  cont.  

The use of the colored squared code i n  any "card" p o s i t i o n  i n h i b i t s  the 
act ion  of BKl and redefines it  as the C2 control b i t ,  thereby h o l d i n g  the 
stack po i nter  at its  current p o s i t i o n .  

The po i nter  i s  reset to the top of the stack at the end of act ive  p i cture .  

Mode 2 - I f  address 4lg  i s  written to by the CPU ,  the 8900 w i l l  operate i n  
the second background mode. The 14 b i t  word i s  now coded to conta in  program 
i nformat ion  for both the background character color and the co lor  wash behind 
that character. Th i s  allows the programmer to def ine  a  co lored "object" on a 
colored checkerboard effect with  complete control of any random co lor  changes 
necessary. 

The recording of the background descriptor to add the background co l o r  wash 
reduces the character address word to s i x  b i t s ,  a l l o w i n g  two further b i t s  for 
use i n  co lor  cod i ng .  The three b i t s  of background contro l ,  BKl ,  BK2, and BK3 
are a l s o  redef ined.  
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7 . 0  cont. 

BACKGROUND MODES :  

MODE l :  

I  BKl I  BK2 I  
BKl BK2 BK3 
- - - 

0 0 X 

l 0 X 

0 l X 

1 l X 

X 1 0 

X l 0 

08 13  0812 08 1 1  

Company Conf i d e n t i a l  

9  B I T  CHARACTER ADDRESS 

BACKGROUND COLOR 

Group A - Current 

Group A - Next 

Group B - Current 

Group B - Next 

COLORED SQUARES 

COLORED STACK 

MODE 2 :  

COLOR STACK POINTER 

A/B 
A/B 
A/B 
A/B 

C2 
C2 
c2 

c2 

c1 

C l  
Cl  
c1 

co 

co 

co 

co 

c a l  s z l  sl e l  c o l  s  rt c»Acre Aosss l c 2z l  c l  c o l  
C2,  C l ,  CO - color code for background wash 

BK2 - A/B control b i t ,  operates on co l or  wash and not on character 
co l o r  for mode two. 

A l o g i c  zero selects f i r s t  o p t i o n ,  l o g i c  one selects second. 
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7 . 1  BORDER COLOR 

The active area of the d i s p l ay  is  surrounded by a colored border .  The 
border may be drawn i n  any  of the sixteen co l or s ,  and it  may be 
programmed by the CPU v i a  a  four b i t  store at address 54g, wh i c h  i s  
adjacent to the background co lor  storage.  The border co lor i s  
programmed dur i ng  the interrupt period fo l l ow i n g  SRl and it  may be 
changed i n  any ha lf  frame. 

8 . 0  STIC TIMING  

The bas ic  t im i n g  of the device can be segregated into three operating areas. 
These areas are d irect ly  related to the real t ime raster scan operation of a 
domestic t e l e v i s i o n  receiver .  

The areas are: 

1 .  Active drawn T i ne  
2 .  Active l i n e  retrace 
3 .  Vertical  retrace period 

1 .  The Active Drawn L i n e  defines the period when a row of selectable  
dots are being drawn on the te l ev i s i o n  screen. During  th i s  t ime a  
s i n g l e  video l i n e  from a row of "background" characters i s  drawn, 
u s i ng  the control s i g n a l s  SR2, SR3, B A R ' ,  OTB '  in  combination from 
an area of external memory. 

The v i s i b l e  dot patterns for a "foreground" object are a lso  output 
at t h i s  t ime .  

2 .  The Active L i ne  Retrace i s  the period  when the dot pattern for the 
i nd i  vi  dua l  "fore ground objects are fetched from external memory. 
The control s i g n a l s  which are active at th i s  time are BAR'  and 
O T B ' .  

3 .  The Vert ica l  Retrace Per iod  extends from the last l i n e  at the 
bottom of the active picture u n t i l  a  period two l i n e s  before the 
restart of the act ive p i cture .  The AY-3-8900 i n d i c ate s  the start 
of the retrace operation by i s s u i n g  a  negative p u l s e  on S R l .  T h i s  
p u l s e  i s  used by the external CPU as an i n d i c a t i o n  that the ST IC  
i nterna l  memory has f i n i s h e d  access ing .  The end of the vert i c a l  
retrace period i s  s i g n i f ied  by a negative pu l s e  on S R 2 .  At t h i s  
p o i n t ,  the CPU w i l l  l o se  access to the memory area contained w i t h i n  
the 8900 c h i p ,  if specia l  b i t  has been set .  To a l l ow  the CPU to 
access memory on the 14 b i t  bus the 8900 ch ip  operates so that the 
three l i n e s  SDO, S01 ,  5D2 and YO ,  Yl and Y2 can copy b i - d i r e c t i o n a l  
under control of the CPU bus BCl ,  BC2 ,  B D I R .  
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9 . 0  ELECRICAL CHARACTERISTICS 

Abso lute Maximum Rat ings 

Temperature Under B i a s  
Storage Temperature 
A l l  Input or Output Vo ltages  
w i t h  respect to Vbb 

Vee ,  Vdd & Vss with respect to Vbb 

0 C  to +100°¢ 
- 55C to +150 ° ¢  

- 0 . 2 V  to +9 . 0 V  
- 0 . 2 V  to +9 .0V  

*NOTE: 

Stress above those l i s ted  under "Absolute Maximum Rat i ngs "  may cause 
permanent damage to the dev ice .  Th is  i s  a  stress rating only and funct iona l  
operation of the device at these or any other cond it ions  above those 
i nd icated  i n  the operational  sections of t h i s  spec if icat ion  i s  not i m p l i e d .  
Exposure to absolute maximum rat ing  cond it ions  for extended per iod s  may 
affect device r e l i a b i l i t y .  

For d ef i n i t i o n  of control s i gna l  codes on BC! ,  BC2, BD IR ,  please refer to 
sheet 3 CPS-10036.  
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OPERATIONAL SPECIF ICATION 
Ambient Temperature 0 " C  to +55 °€  
D . C .  CHARACTERISTICS 
V s s  =  O . O V ,  V e e =  5 . 4 5 V  to 5 . 9 5 V ,  Vbb = - 2 . 1 V  to - 2 . 4 V  

CHARACTERISTIC SYM M I N  MAX UNITS CONDITIONS 
- - - 

Bus Inputs 
$D0-$013,  YO-Y3 Log i c  Low V I L  0 . 7  Volts  L o g i c  H i gh  V I H  2 . 4  Vo lts  Leakage I IL  5  uA VIN =  OV to Vee 

Bus Outputs 
$D0-SD12,  Y0-Y3 Log i c  Low VOL 0 0 . 5  Vo lts  IOL = lOOuAJ + lOOpf Log i c  H i g h  VOH 2 . 4  Vee Volts IOH = lOOuA 

Control Inputs 
BCl ,  BC2, BDIR,  RSTIN, CLOCK Log ic  Low V I L  0 . 7  Vo lts  
L o g i c  H i g h  V I L  2  .4  Volts Leakage 1 I L  5  uA V I N =  OV to Vee 

Control Outputs 
S R l ,  SR2, MSYNC Log i c  Low VOL 0 . 5  Vo lts  IOL = 500uAJ + lOOpf Log i c  H i g h  VOH 2 . 4  Vee Volts IOH = lOOuA 
BAR1 ,  DTBl,  0wSl L o g i c  Low VOL 0 . 5  V o l t s  IOL = lOOuAJ +50pf L og i c  H i g h  VOH 2 . 4  Vee Vo l t s  IOH = lOOuA 
SR3 Log ic  Low VOL 0 . 5  Vo l t s  IOL = 100u1 +50pf Log i c  H i g h  VOH 3 . 0  Vee Vo lts  IOH = lOOuA 
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D . C .  CHARACTERISTICS ( c o n t . )  

CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS 
- - - 

C lock  Outputs 

1 ,  02 
Log i c  Low VOL 0 . 5  Vo lts  IOL = lmA J +100 pf 
Log i c  H i g h  VOH 2 . 4  Vee Vo lts  IOH = lOOuA 

Power Supp ]y_Current  

Vee Ice 170 mA at +55 °C  
Vbb Ibb 3 mA 

Note: Input capacitance of a l l  log ic  p i n s ,  10pf max 
V I N =  O V @  1MHz. 
Not measured during production test .  
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A . C .  CHARACTERISTICS 

CHARACTERISTIC 

C l o c k  Input Freq .  
R i s e  Time 
F a l l  Time 
P u l s e  W i dth  

CPU Time 

Data Bus ( i n p u t )  
SDO-SD13 
Address Set Up 
Address Overlap 
Write Set Up 
Write Overlap 
SDO-SD2 to Y0-Y2 
bus copy 

Data Bus  (output )  
SDO-SD13 
Turn On Delay 
Turn Off Delay 
Y0-Y2 to SD0-SD2 
bus copy 

SYM 

fc 
trc 
tfc 
ewe 

tas 
tao 
tws 
two 
tdy 

tda 

to 
tyd 

M IN  

100 

150 
30 

400 

200 

MAX 

30 
20 
130 

125 

200 

UNITS 

MHz 
nSec 
nSec 
nSec 

nSec 
nSec 
nSec 
nSec 
nSec 

nSec 

Company Conf ident ia l  

CONDITIONS 

4.000000 externa l ly  
adjusted 

Data v a l i d  at start 
of copy 

Data v a l i d  at start 
of copy 

BCl ,  BC2, BDIR Setup tcs 
BCl ,  BC2, BDIR Overlap tea 

0 

250 
nSec 
nSec 

*For a BAR or ADAR w i th i n  the STIC  or GRAPHICS memory address the STIC w i l l  perform 
a look-ahead READ immediate ly  after the v a l i d  address .  The f o l l o w i n g  DTB s i gna l  i s  
on ly  used to d i sab le  the READ sequence at the appropriate t ime .  If a WRITE  
sequence is  detected the look-ahead READ i s  d i sab l ed  i n  OW t ime and a v a l i d  WRITE 
procedure i s  completed during DWS. 

C lock  Outputs 0 1 ,  02 
R i s e  Time 
Fa 11 Time 
Over lap  
P u l s e  W i dth  
Control Turn On 
$R3, BAR], Dr! 
DWS 
Turn Off 

tr 
tf 
to 
tcw 

ton 

toff 

0 

170 

40 

30 

40 

40 

nSec 
nSec 
nSec nSec 

nSec 

nSec 
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I  
STIC  TIME M I N  MAX UNITS  

- - 

Background Per iod  

I  Control S i g n a l s  
SR3 Turn On 0 40 nSec 

I  
SR3 Turn Off  0  40 nSec 
BAR ' ,  DTB\ ,  Turn On a 40 nSec 
BARI ,  D T B l ,  Turn Off 0 40 nSec 
Y Bus D r i v e  g 250 nSec 

I  
Graph ics  Bus Read 

I  Set Up  DTBl 200 nSec 
Hold  DTBl v 0 nSec 

I  
Foreground Per iod  

I  SB and Y Bus D r i v e  v 250 nSec 
SB and Y Bus Ho ld  9 0  nSec 

I  
Graphics Bus Read 

l  Set Up DTBl U 200 nSec 
Hold  b TB l  U a  nSec 

I  

I  

I  

I  

I  

I  

I  

l  
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10 . 0  PIN  CONNECTIONS 

1 Vss  21 C2 

2 SR3 22 Cl 

3 0WS '  23 S013 

4 OTB 24 $012 

5 BAR 25 $011 

6  BC2 26 $010 

7 BCl 27 $D9 

8 BDIR 28 S08 

9 SRl 29 S07 

10 01 30 S06 

11 02 31 S05 

12 SR2 32 S04 

1 3  MSYNC 33 S03 

14 RSTIN 34 S02 

15 C lock  35 $D1 

16 C5 36 S00 

17 Vss  37 YO 

18 C4 38 Yl 

19 C3 39 Y2 

20 Vcc 40 Vbb 

sf&ii+ 
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1 1 . 0  MECHANICAL CHARACTERISTICS 

1 1 . 1  PACKAGE DIMENSIONS 

- - - 7  
g3· 553 

�;.;:::==:::::;::;:;::;:;::;:::::;;=o:=�;::-===-==-===-:=c .. =::_:=: ... =:?. _J 

1 1 . 2  SOLDERABILITY 

The p ins  on this  integrated c i r c u i t  package meet so l d erab i l i ty  as 
given i n  MIL-STD-8838 Method 2003 . 2  with the exception of Paragraph 
3 . 2 ,  Ag i ng .  
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MATTEL INTELLIV IS ION  SYSTEM USE TEST 

Th i s  u n i t  test has been devised to a l l ow  the Mattel I n t e l l i v i s i o n  System to be 
se lf-tested u s i n g  s p e c i a l l y  programmed test cartr i dges ,  ( Board  Number 39-121 Rev .  
E  or e q u i v a l e n t )  c o n s i s t i n g  of R0-3-9504-207 .  I n d i v i d u a l  k i t s  of I C ' s  are tested 
as complete systems on an Incoming  Mater ia l  I nspect ion  ( I M I )  S tat i o n ,  wh ich  
c on s i s t s  of L og i c  Board 39-133 Rev .  Xl ( o r  subst i tute  mu t ua l ly  agreed upon by 
General Instrument and Ma tte l )  w i t h  Z . I . F .  lever sockets i n  p lace to test the 
var ious  General  Instrument s u pp l i ed  I C ' s .  The test board a l so  conta in s  power 
s u p p l i e s  capab le  of sw i tch i ng  over the range of /pp ,  C ,  '38 .  

The fo l low i ng  test procedure i s  to be iterated over appropriate comb inat ions  of 
the supp ly voltages which are : 

'Do = 11 . 6 4  to 12 .36V  

'cc = 4 .85  to 5 . 1 5 V  

VB8 = - 2 . 1  to - 2  .4V 

Wcc for AY-3-8900-1 = Vcc + . 7 +  . l V  
- 

After connecting the IM! test board to a color T . V .  receiver and p lugg i ng  i n  the 
120V l i n e ,  insert the self-test cartridge and turn the test board power switch o n ,  
switch to the R0-3-9504 003 IMI ROM pa i r .  

Depress reset with no switches depressed on the left hand contro l l e r .  Th i s  w i l l  
immed iate ly bypass the hand contro l ler  test and proceed to the automatic tests 
(  Step 3 ) .  

In order to i n i t i a l l y  test the hand contro l l e r s ,  depress buttons 1 and 7 on the 
left hand contro l ler and depress the reset sw i tch .  An i n d i v i d u a l  test menu w i l l  
appear. Depress the enter switch on the left contro l l er .  

1 .  Then observe the p icture on the T . V .  screen ( F i g .  1 ) .  The test i s  to verify 
the co lor  bars generated on the bottom of the screen .  Each color shou ld  match 
the corresponding color g i ven  i n  F i g .  1 .  M i s s i n g  colors or any ser ious  
var iat ion  of the picture may require a reca l i brat i on  of the o s c i l l a t o r  
frequency P i n  15 for 3 .579545MHz lOHz .  Adjustment may be obta i ned  by the 
v a r i a b l e  capac itor  on P i n  2 .  After recheck of p icture  w i t h  correct frequency 
on P i n  1 5 ,  the v ideo s hou ld  match F i g u re  1  or the AY-3-8915 i s  rejected. 
NOTE :  The v i deo s i g n a l s  generated by the AY-3-8915 are intended to be the 
v i deo  input of an R . F .  modulator ,  for use on a T . V .  receiver des igned for the 
reception of N . T . S . C .  transm iss ion  standards as adopted by the F . C . C .  As a 
r e s u l t  of there be i ng  no abso lute standards for co lor  production ,  the co lors  
as defined here are re l at i v e  and subject to i n d i v i d u a l  i nterpretat ion .  
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2. T h i s  part of the test i s  a  manual check on the contro l l e r  functions as i nputs  
through the two I/0 ports on the AY-3-8914 sound generator. 

a .  Depress each number button on both contro l l e rs  s e q ue n t i a l l y ,  then depress 
the buttons on the edge of each c o ntro l l e r  for f i r e  and left and r i g ht  
c o ntro l s .  As the buttons are depressed ,  the appropr i ate  numbers,  p l u s  
f i r e ,  left and r i ght  i n d i c ato r s  o n  the screen s hou l d  turn from y e l l o w  to 
w h i t e  to i n d i c a te  v e r i f i c a t i o n .  NOTE: The f i r e  buttons are ganged i n  the 
c o ntro l l e r  and both F i n d i cators  w i l l  turn from ye l l o w  to wh i te  on the 
screen when e i t her  f i r e  button i s  depressed. 

b .  Depress and rotate the d i rect i ona l  pad on each c o ntro l l e r .  An arrow w i l l  
appear on the pad o u t l i n e  o n  the screen i n d i c a t i n g  correspond ing  p o s i t i o n  
depressed. Both c o n t r o l l ers s hou l d  be tested i n  the same manner.  

c .  Depress the numbers 1 and 9 s i mu l t aneous ly  on e ither  c o ntro l l e r  and the 
se lf-test w i l l  then proceed to the automatic t e s t i n g .  

3 .  The T. V .  w il l  show var i ous  patterns as the test runs by i t s e l f .  F a i l u r e s  i n  
the OUT may show up as var ious  wr itten f a i l u r e  statements on the screen ,  or 
the program may stop the t imer i n d i cator  and/or b l ank  out the ent i re  p i cture .  

4. After the automatic tests are through, a sound test i s  begun :  

a.  A note starting at a h i g h  octave ,  stepp ing down through f i ve  octaves ,  
three consecutive t imes .  Th i s  checks each of the three ana log outputs .  

b .  A  random no i se  (or  h i s s  sound )  start i ng  at h i g h  frequency n o i s e  and 
decreas ing to lower frequency no i s e .  T h i s  tests the n o i s e  generator .  

c .  A s i ng le-tone starting at maximum volume and decreas ing i n  s teps .  T h i s  i s  
a  check on the amp l itude contro l .  

d .  Two gunshot sounds ,  one at f u l l  volume and one at h a l f  vo l ume .  T h i s  tests 
the envelope shape and cycle contro l .  
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5 .  

6 .  

7 .  

]  a .  

9 .  

Company Conf i dent i a l  

Near the end of the s e l f  test the screen shou ld  d i s p l ay  four l i n e s  of e i g ht  
d i s t i n c t  co l ors  with an over l app i n g  stack of e ight  squares,  each a d i s t i n c t  
co lor  a l s o  (See F i g .  2 ) .  The operator must make a v i s u a l  check on the co lors  
and shapes produced. Depress ion  of the c lear  button accepts the d i s p l a y  test .  
Depress ion  of the enter button f a i l s  the d i s p l ay  test .  

The next test con s i s t s  of watch ing  for the words "MODE TWO" be i ng  alternately 
d i s p l ayed  w i t h  the colored squares pattern deta i l ed  i n  F i g .  3 .  Depression of 
the c l ear  button accepts the test ,  depress ion of the enter button f a i l s  the 
test .  

The next test i s  to check for the d i s p l ay  of "F/" and "V I S "  to be a lternately 
f l a s h i n g .  Depress ion of the c lear  button accepts the test .  Depression of the 
enter button f a i l s  the test .  

The successfu l  end of the test w i l l  transfer control to the Baseba l l  Cartr idge.  
Observe t i t l e  page. Press d i s c ,  note d ispersa l  of p layers.  Make one p i t c h ,  move 
the catcher, reset, observe t i t l e  page. If any anomal ies are noted dur ing  t h i s  
ent i re  sequence, the c h i p  set f a i l s .  

If  a  fa i l u re  has occurred i n  any step of the program, replace the ch i p  
i nd icated to have fa i led  until the system passes as per Step 7 above. 
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STIC IMI  ERROR CODE STATEMENT L I ST  

CODE 

A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

M 

N 

0 
p 

Q 
R 

s 

T 

u 

V 

W 

X 

Y 

z 

FAILURE MECHANISM 

GROM checksum error 
Low 2K executive ROM checksum fa i l u re  
H i g h  2K executive ROM checksum f a i l u re  
STIC memory fa i l u re  
Memory Fa i l u r e  -  low order GRAM 
Memory F a i l u r e  -  h i g h  order GRAM'  
9600 Memory F a i l u r e  
Scratchpad Memory Fa i l u re  
8914 Memory Fa i l ure  
Interaction Test 
Type of 9502 and 9504 mismatch 
Object not d i s p l ay i n g  completely 
Colored squares quadrant select f a i l  
Offset test fa i l  
Zoom i n  X  fa i l  
Zoom in Y fa i  1  
Mirror i n  Y  f a i l  
Mirror in X  f a i l  
F u l l / h a l f  height f a i l  
8/16 l i n e  sequence fa i l  
Background color stack, moving object pr ior ity,  colored 
square f a i l ,  (operator dec is ion )  
Sound qua l i ty  (operator dec i s i on )  
V i s i b l e / I n v i s i b l e ,  foreground priority (operator d e c i s i o n )  
Mode One/Mode Two (operator d e c i s i o n ) .  

I  
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1.0 SCOPE 

Company Conf ident ia l  

T h i s  Customer Procurement Spec if icat ion  ( C P S )  covers the R0-3-9505 MOS ROM 
I.C 

I  2 . 0  C I RCU IT  FEATURES 

- Mask programmable storage prov i d i ng  4096 X 10 b i t  words .  

- 16 b i t  on-ch ip  address latch  

-  Control decoder 

- Prograrrmable memory map c i r c u i try  to place 4K ROM page w i t h i n  65K word 
memory space located on 4K page boundaries .  

3 . 0  AMENDMENTS 

4 . 0  

Th is  CPS may on ly  be amended by a written agreement between the part i e s .  

ELECTRICAL ACCEPTANCE SPECIFICATION 

The c i r c u i t  must function w ith in  the range of e lectr i ca l  parameters g iven in  
t h i s  CPS .  

I  5 . 0  CIRCUIT REQUIREMENTS 

6 . 0  

The RO-3-9505 operates as the program memory for systems us ing  a  CP1600 
series microprocessor. 

It is configured as 4096 X 10 b i t  words and contains several features wh i c h  
reduce the device count in  a  practical  microprocessor app l i c a t i o n .  

OPERATING DESCRIPTION 

The 9505 contains a  programmable memory map location for its  own 4K page and 
if a v a l i d  address is  detected, the particu lar addressed location w i l l  
transfer its  contents to the chip  output buffers. If the control code 
fo l l ow ing  the address cycle was a Read, the 9505 w i l l  output 10 b its  of 
addressed data and a lso  drive a l o g i c  zero on the top 6 b i t s  of the bu s .  
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I Company Conf i dent i a l  

6 . 1  INPUT CONTROL SIGNALS 

I  BD IR  BCl BC2 EQUIVALENT SIGNAL RESPONSE 
-- - - 

I 
0 0 0 NACT NACT 
0 0 1 IAB - 

0 1 0 ADAR ADAR 

I  
0 1 1 OTB OTB 
1 0 0 BAR BAR 
1 0 1 0wS - 

I 
1 1 0 DW - 

1 1 1 INTAK BAR 

7 . 0  ELECTRICAL CHARACTERISTICS 

I  Abso lute  Maximum Ratings 

I  
Temperature Under B i a s  0c to +100c 

Storage Temperature -55 ° ¢  to +150°C  

I  A l l  Input or Output Voltages 
w i th  respect to Vss  -0 . 2V  to +9 .0V  

I  Vee with respect to Vss - 0 . 2 V  to +9 .0¥V  

I  *Note: 
-- 

Stresses above those l i s t e d  under "Absolute Maximum R a t i n g s "  may cause 

I  
permanent damage to the dev i ce .  Th i s  i s  a  stress rat i ng on ly and functiona l  
operation of the dev ice at these or any other c o n d i t i o n s  above those 
i nd i cated  i n  the operat iona l  sections of t h i s  spec if icat ion  is  not i m p l i e d .  

I  
Exposure to abso lute maximum rat ing  cond i t ions  for extended periods may 
affect dev ice r e l i a b i l i t y .  

I  

I  

I  -  

I  

I  
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I Company Conf ident ia l  

I  
OPERATIONAL SPECIFICATION 

Ambient Temperature 0c to +55 °¢  

I  
O . C .  CHARACTERISTICS 

V e e =  +4.85 to + 5 . l S V ,  V s s  =  o .ov 

I  CHARACTERISTIC SYM M I N  MAX UNITS CONDITIONS 
- - - 

I  
I nputs  

Input L o g i c  Low V I L  0  0 . 7  Volts 
Input Log i c  H i g h  V I H  2 . 4  Vee Volts 

I  I nput Leakage I I L  -  5  uA VIN =  OV to Vee 

I  
CPU Bus Outputs 

Output Log i c  Low VOL 0 0 . 5  Volts IOL = Le] 
I 

Output Log i c  H i g h  VOH 2 . 4  Vee Volts IOH = 80uA +150pf 

I  
Supp ly Current 

Vee Supp ly Ice - 75 mA at +55°C  

I  

I  
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I Company Conf i dent i a l  

I  
A . C .  CHARACTERISTICS 

CHARACTERISTIC SYM M I N  MAX UNITS CONDITIONS 
- - - 

I  I n puts  

Address Set Up tas 300 nSec 

I  Address Over lap  tao 65 nSec 

I  
CPU Bus Ouputs 

Turn ON Delay tda - 350 nSec 

I  
Turn OFF De lay tdo 80 250 nSec 
Access Time tac 1. 5  uSec 

I  Note :  Input capacitance of a l l  l o g i c  p i n s ,  lOpf max VIN=OV @  1MHz 
Not measured dur i ng  production test .  

I  

I  

I  

I  
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Company Conf ident ia l  

I  8 . 0  P I N  CONNECTIONS 

I  1 vcc 15 Vss 

2 No Connection 16 0B7 

I  3 No Connection  17 0B6 

I 
4 0B15 18 No Connection 

5  No Connection  19 0B5 

I  6 0B14 20 0B4 

7 0B13 21 0B3 

I  
� 

8 0B12 22 No Connection 

9 0B11 23 082 

10 0B10 24 0B1 

11 No Connection 25 DBO 

12 0B9 26 BD IR  

13 0B8 27 BC2 

14 No Connection 28 BCl 
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9 . 0  MECHANICAL CHARACTERISTICS 

9 . 1  PACKAGE DIMENSIONS 

.06OR 
7Yy 

9 . 2  SOLDERABILITY 

The p i ns  on t h i s  integrated circuit  package meet so lderab i l i ty  as 
given i n  MIL-STD-883 Method 2003 .2  with the exception of Paragraph 
3 . 2 ,  Ag ing .  
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E X H I B I T  C  

Shipment S c h e d u l e :  Game Sets  and C a r t r i d g e  Sets  ( 0 0 0 )  

GAME SETS CARTRIDGE SETS 

MONTH M i n .  Cum. Max.  Cum. M i n .  Cum.  M a x .  Cum. 

1 9 8 1  Nov.  1 7 5  1 7 5  1 7 5  1 7 5  1 1 0 0  1 1 0 0  1 1 0 0  1 1 0 0  

Dec .  1 5 0  3 2 5  1 7 5  3 5 0  7 0 0  1 8 0 0  9 5 0  2 0 5 0  

1 9 8 2  Jan.  1 2 5  4 5 0  1 7 5  5 2 5  4 0 0  2 2 0 0  7 5 0  2 8 0 0  

F e b .  1 7 5  6 2 5  2 0 0  7 2 5  7 0 0  2 9 0 0  1 2 0 0  4 0 0 0  

Mar .  1 7 5  8 0 0  2 2 5  9 5 0  7 0 0  3 6 0 0  1 2 0 0  5 2 0 0  

Apr .  1 7 5  9 7 5  2 2 5  1 1 7 5  7 0 0  4 3 0 0  1 2 0 0  6 4 0 0  

May 1 7 5  1 1 5 0  2 3 5  1 4 1 0  5 0 0  4 8 0 0  1 2 0 0  7 6 0 0  

June 1 7 5  1 3 2 5  2 3 5  1 6 4 5  5 0 0  5 3 0 0  1 2 0 0  8 8 0 0  

July 1 7 5  1 5 0 0  230  1 8 7 5  5 0 0  5 8 0 0  1 0 0 0  9 8 0 0  

Aug.  1 6 5  1 6 6 5  2 3 0  2 1 0 5  4 0 0  6 2 0 0  7 0 0  1 0 5 0 0  

Sept .  1 7 0  1 8 3 5  2 3 5  2 3 4 0  3 0 0  6 5 0 0  7 0 0  1 1 2 0 0  

Oct .  1 6 5  2 0 0 0  2 3 5  2 5 7 5  3 0 0  6 8 0 0  6 0 0  1 1 8 0 0  

All Cartridge  Set orders  scheduled for  shipment a f t e r  August  l ,  

1 9 8 2  w i l l  be completed with  the shipment of one 40K  ROM, except as  

otherwise  requested by Buyer .  
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E X H I B I T  E  

Procedure  for  Handling  Requests for  Return  of Rejected Products  
from B u y e r ' s  S u b c o n t r a c t o r s  and MEL:  

l .  Once a month Buyer and S e l l e r  shall  meet to inspect and  v e r i f y  
the t e s t  equipment c a l i b r a t i o n  and procedure  at  B u y e r ' s  sub 
c o n t r a c t o r s  and MEL. I f ,  d u r i n g  the term  of  t h i s  A g r e e m e n t ,  
S e l l e r  v e r i f i e s  that on a c o n t i n u a l  b a s i s  more than  1 0 %  of the 
i n d i v i d u a l  u n i t s  of the Products r e j e c t e d  by Buyer meet the 
S p e c i f i c a t i o n s ,  the p a r t i e s  w i l l  c o n f e r  to develop the c o r r e c   
t i v e  action  to be t a k e n .  

2 .  Buyer (Mattel/California )  may request  RMA numbers  from S e l l e r  
( H i c k s v i l l e )  on the f i r s t  and t h i r d  Mondays of  each  month ( o r  

more frequently  if  r e q u i r e d )  f o r  a l l  B u y e r ' s  " s h i p  to"  d e s t i n   
a t i o n s .  Each RMA request  w i l l  c o n t a i n  the following  informa  
t i o n :  

( a )  Part  numbers of the r e j e c t e d  Products .  

( b )  Reason for f a i l u r e .  

( c )  Date code of the P r o d u c t ( s )  to be r e t u r n e d .  

( d )  Quantity of Game S e t s ,  C a r t r i d g e  Sets  or  i n d i v i d u a l  p a r t s ,  
whichever is  applicable,  to be r e t u r n e d .  

( e )  Location  from which rejected  Products  a r e  to be r e t u r n e d ,  
R a d o f i n ,  Grandex or  MEL and/or other  s o u r c e s  as  may be 
c r e a t e d .  

( f )  I f  Products  r e j e c t e d  at B u y e r ' s  incoming inspection ,  pur  
chase o r d e r  number a g a i n s t  which r e j e c t e d  Products  were 
shipped .  

3 .  S e l l e r  w i l l  process  the RMA request  and advise  Buyer (Mattel/ 
C a l i f o r n i a )  w i t h i n  five  ( 5 )  b u s i n e s s  days of  the RMA number 
and ,  if  applicable ,  the " s h i p  to"  d e s t i n a t i o n  of the r e j e c t e d  
P r o d u c t s .  

4 .  Shipping i n s t r u c t i o n s  for Taiwan (Grandex)  w i l l  be as f o l l o w s :  

( a )  Grandex w i l l ,  v i a  t e l e x ,  inform  Buyer ( M a t t e l / C a l f o r n i a )  
and Seller  (Kaohsiung and H i c k s v i l l e )  of RMA number,  ship 
d a t e ,  w a y b i l l ,  quantity,  part  number and method of ship  
ment .  

( b )  Seller  ( K a o s h i u n g )  w i l l  generate  a  proforma invoice  to 
c l e a r  Products  through Taiwan c u s t o m s .  

( c )  Rejected Products a r e  to be returned  f r e i g h t  c o l l e c t .  

( d )  Grandex w i l l  endeavor to ship  r e j e c t e d  Products  w i t h i n  



ten ( 1 0 )  days a f t e r  i s s u a n c e  of  an RMA n u m b e r .  S e l l e r  
w i l l  not be r e q u i r e d  to s h i p  replacement P r o d u c t s  u n t i l  
r e j e c t e d  Products  a r e  r e c e i v e d .  

5 .  Shipping i n s t r u c t i o n s  for  Hong Kong (MEL and R a d o f i n )  w i l l  be 
as f o l l o w s :  

( a )  S e l l e r  (Hong Kong )  w i l l  pick  up the r e j e c t e d  Products  
w i t h i n  five  ( 5 )  b u s i n e s s  days a f t e r  i s s u a n c e  of  RMA num 
b e r .  I f  r e j e c t e d  Products  a r e  not picked  up w i t h i n  s a i d  
f i v e  ( 5 )  b u s i n e s s  d a y s ,  Products  may be r e t u r n e d  to Sel  
ler  (Kaoshiung )  f r e i g h t  c o l l e c t .  

( b )  Seller  (Hong Kong)  w i l l  g e n e r a t e  a  proforma invoice  to 
clear  Products  through  Taiwan customs and r e t u r n  the re  
j e c t e d  Products  to K a o h s i u n g .  

6 .  Rejected Products  ( a n d  only the r e j e c t e d  p a r t s  in a k i t )  w i l l  
be labeled or coded by each subcontractor  or MEL to indicate  
point  in the t e s t  cycle at which Products f a i l e d .  Labeling  
or coding should not o b s t r u c t  l e g i b i l i t y  of date  c o d e .  

7 .  Buyer  ( M a t t e l / C a l i f o r n i a )  w i l l  promptly issue  a  replacement 
order  for all  Products  returned  under an RMA number at time 
RMA number i s  issued by S e l l e r .  

8 .  The u n i t  p r i c e  applicable to r e j e c t e d  Products and the re  
lated d e b i t s ,  c r e d i t s ,  replacement o r d e r s  and r e b i l l i n g s  w i l l  
be governed by Note 8 of E x h i b i t  A .  All d e b i t s  and c r e d i t s  
to be exchanged between Buyer ( M a t t e l / C a l i f o r n i a )  and S e l l e r  
( H i c k s v i l l e )  only .  



E X H I B I T  F  

( l )  G e n e r a l  I n s t r u m e n t  Mask  Numbers Covered by P a r a g r a p h  1 2 :  

-  3 0 2 0 3  ( C P U )  
-  3 2 0 4 0  (RAM)  
-  3 2 0 2 4  ( S T I C - U . S . )  
-  3 2 0 2 7  (STIC-EUROPE)  
-  3 2 0 2 5 - X X X  ( 2 0 K  (Low)  Exec .ROM)  
-  3 2 0 3 8 - Y Y Y  ( 2 0 K  ( H i g h )  Exec.ROM)  

-  3 2 0 2 6 - 0 0 3  ( G r a p h i c s  ROM) 
- 3 2 0 3 5  ( C o l o r )  
-  3 2 0 2 2 - 1 1 5  ( S o u n d )  
-  3 2 0 3 8 - X X X  ( 2 0 K  C a r t r i d g e  ROM) 
- 3 2 0 4 6 - X X X  ( 4 0 K  C a r t r i d g e  ROM) 
- 32l2l-AAA ( 4 0 - l / 4 K  Exec .  ROM) 

( 2 )  Royalties  To Be Paid  By Mask Number In ( l )  Above On S a l e s  By 
Each Second S o u r c e :  

-  F i r s t  $ 2  m i l l i o n  

-  Next $ 2  m i l l i o n  

-  T h e r e a f t e r  for a l l  sales  

through  l 2 / 3 l / 8 4  

7 - 1 / 2 %  

5%  

2 - 1 / 2 %  

*After  1 2 / 3 1 / 8 4 ,  no f u r t h e r  r o y a l t i e s  w i l l  be payable.  

( 3 )  Technical  Information  to be Supplied p u r s u a n t  to Paragraph  1 2 :  

-  Calma tapes 

- Sentry Test  Tapes ,  Sentry Load Board Drawings  o r  Test Program  
( s p e c i f i c a t i o n s  i f  tapes a r e  not available  f o r  s u b c o n t r a c t o r  
t e s t  e q u i p m e n t ) .  

-  C u s t o m e r  Pro c urement S p e c i f i c a t i o n s  

-  P r o c e s s  Parameter  S p e c i f i c a t i o n s  

-  M a r k i n g  and Bonding  D ia g ra m s  

( 4 )  A d d i t i o n a l  T e c h n i c a l  I n f o r m a t i o n  to be S u pp l i e d  P u r s u a n t  to 
P a r a g r a p h  1 2 ( d )  

-  Timing and L o g i c  D i a g r a m s  
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TITLE: 

GENERAL INSTRUMENT CORPORATION 

MICROELECTRONICS GROUP 

STANDARD PROCEDURES MANUAL 

WEEKLY U R N - I N  OF KEY  PRODUCTS SP! NO.: 44526 

WRITTEN BY: Group  St2ff 
APPROVED BY: Group  Staff 

1 . 0  PURPOSE 

EFFECTIVE: 

REVISED: 

1 0 / 2 5 / 2 :  

To prov i de  e  cons i stent  procedure for the week ly  burn- in  of Key Products .  

2 . 0  SCOPE 

M i croe lectron i c s  Front End F a c i l i t i e s ,  wo r l d w i d e .  

3 . 0  PROCEDURE 

3 . 1  It is  important to prov ide  a  cons i stent  week ly measure of key product 
r e l i a b i l i t y .  

3 . 2  The week ly  measure  w i l l  c o n s i s t  of a f u l l  f unct i ona l  stress at an 

e l e vated temperature,  t y p i c a l l y  125, u n l e s s  d e s i g n / p a c k a g i n g  
c o n s i d e r a t i o n s  d i c t a te  a  lower temperature.  

3 . 3  Every week a samp le  of 54 u n i t s  that have p a s sed f i n a l  test w i l l  be 
randomly  drawn from recent product ion  and p l a c e  on t e s t .  

3 . 4  Readouts w i l l  be done at 24 + 2 hours and 168 + 4 hours .  

3 . 5  F u n c t i o n a l l y  f a i l e d  ( not  D C )  u n i t s  at 24 hours  w i l l  be l eft  i n  test 
and retested as part of the 168 hours te s t .  F a i l s  at 168 hours w i l l  
be sent to f a i l u r e  an a l y s i s  for e l e c t r i c a l  and phys ica l  f a i l u r e  
a n a l y s i s .  A  month ly  t a b u l a t i o n  of the key modes of f a i l u r e  w i l l  be 
i s s u e d  as  part of the Q u a l i t y  M an a g e r ' s  Letter .  

sf@@mR 
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3 . 6  The data  from the wee k l y  b u r n - i n  w i l l  be reported on m n t n l y  b a s i s  
as part f the Q u a l i t y  M a n a g e r ' s  L e t ter .  To charts  w i l l  be 
p r o v i d e d :  

l .  C u m u l a t i v e  percent f a l l o u t  at 24  hours  versu s  week 
p e r i o s .  

2 .  The f a i l u r e  r t e  from 24  to 1 6 &  hours  ( %/K  C i r c u i t  H o u r s ) .  
The f a i l u r e  rate  i s  e s t i m a ted by the f o l l o w i n g  e q u a t i o n :  

FR ( { /Khr )  =  

Where:  

105 

144 x N -  72 x na 

n = Number f a i l i n g  at 158 hours m inus  number f a i l i n g  t  24  

hours .  

N  =  Number s u r v i v i n g  at 24 h our s .  

T h i s  f a i l u r e  rate is  p lotted versus the same week per iod s  as in Chart 
Number I .  

The 24 hour readout w i l l  provide a measure of the ear ly  f a i l  portion  
( i nfant  morta l ity )  of the bathtub ( i n stantaneous  f a i l u r e  rate versus 
time)  curve .  The second curve w i l l  provide between 24 to 168 hours an 
estimate of the f l a t  ( c o n s t a nt )  f a i l u r e  rate portion  of the bathtub 
curve .  

An ex am p l e  of the p l o t s  is  attached ( F i g u re  N o .  1 ) .  

3 . 7  The s tre s s i n g  w i l l  be done on key " b e l l  weather"  products  as s pec i f i ed  
e i ther  by CPS or by Management .  N orma l l y ,  the key products w i l l  be 
the h i g h  volume items for a wafer m o d u l e .  It i s  a n t i c i p a t ed  t h a t ,  
t y p i c a l l y ,  there w i l l  be o n l y  one or to such " b e l l  w e a t h e r "  p r o d u c t s  
per p l a n t  and that they w i l l  remain the sane products  over extended 
p e r i o d s  so that a c o h e s i v e  h i s t o r y  i s  o b t a i n e d .  

4 . 0  R E S P O N S I B I L I T Y  

4 . 1  It i s  the r e s p o n s i b i l i t y  of Q u a l i t y  Co n t r o l  at each front end f a c i l i t y  
to perform the w eek ly  b u r n - i n  and assure that the correct procedures 
are f o l l o w ed .  

GENERAL 
INSTRUMENT 

3M SP1-3 (2/81) 

MICROELECTRONICS GROUP 
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EXHIBIT H 

QUALITY AND RELIABILITY PROGRAM CONTAINED IN THE 

"MATTEL/GENERAL INSTRUMENT DISCUSSIONS" (BLACK BOOK) 

DATED DECEMBER 1 ,  1 9 8 1  

:  . 
., 



MATTEL/GENERAL INSTRUMENT 

Q U A L I T Y  AND R E L IAB I L ITY  PROGRAM 

November 181 througn May 192 

OBJECTIVES 

o Reduce k i t  incoming  inspect ion  rejection rate to 1%.  

o Reduce Mattel k i t  assembly/test/burn-in f a l l o u t  to 5% of 
k its  accepted. 

o Reduce post Mattel burn-in  operational  f a i l u r e s ,  due to 
LS I  i t ,  to 3%.  

PRESENT STATUS 

Gross (that i s  " n o n - f a i l u r e s , "  and assembly/test damage not removed 
from numbers ) .  

o  K it  Incoming Inspection 2%. 

o K it  Assembly/Test/100% Burn-in fa l l out  18%. 

o Reported Post Burn- in  Operating Fa i l ures  due to LS I  k i t  6% .  

(REFERENCE EXHIBITS I  THRU V I I  ATTACHED). 

PROGRAM MANAGER 

o Bob Jones (career h i story ,  Exh ib it  V I I I ) .  

0  F u l l  time unti l  objectives are ach ieved .  

MAJOR SUPPORT ASSIGNMENTS 

o Dave Trindade and A l  Ade l l  for design  of experiments. 

o B i l l  Church i l l  for Chandler  deta i l ed  fo l l ow .  

o  Ro land  Henderson for Mattel deta i led  f o l l o w .  

B i l l  G i l e s  for Kaohsiung d eta i l ed  f o l l o w .  



PROGRAMS 

PR0GRAM A - K I T  'NCO!NG I NSPECTION  =.+-- • e l·-red t 
c~ k  soc 

-  E l i m i n a t e  I M !  as a 1OO% f i n a l  t e s t / k i t t i n g  requ irement  ' y r ;  ?  
p0re» stt.. 

+ 

CORRECT 'V E  ACTION PR0GRAM 

NCO ING K IT  REJECTION RATE - 2% 

CAUSE :  MANUAL ( I M I )  TESTING/CORRELATION 

A . l  

A . 2  

PROJECT 

REVISE C P S ' S  

REVISE SENTRY PROGRAMS 
RAM 
STIC ( D E F I N I T I O N )  
CPU 
ROMS - PROGRAM 
ROMs - GRAPHICS 
SOUND CHIP 

RESPONS IB ILITY 

D .  HARROWER 

W .  CARTER 
R .  SIMON 
L .  ROZEK 
E .  NEWTON 
E .  NEWTON 
W .  CARTER 

COMPLETION DATE 

FEBRUARY 1 ,  1982 

MARCH 1 ,  1982 
FEBRUARY 1 ,  1982 (TASK 
MARCH 1 ,  1982 DEF IN IT ION )  
MAY 1 ,  1982 
JUNE 1 ,  1982 
MAY 1 ,  1982 

Direct test program mo d i f i c a t i o n  effort 

REWORK/MODIFICATION ABOVE 

ON-GOING WITH THE ABOVE 

AS REQUIRED IN APRIL  
SEPTEMBER TIME PERIOD 

A . 3  IMI FAILURE/CORRELATION W .  G I L ES  



• PR0GRAM B - K I T  ASSEMBLY/TEST/00% B U R N - I N  FALLOUT 

- HARD F A I L U R E S  (  P R C 7  8 . 1 )  

CORRECTIVE  ACTION  PROGRAM 

HARD F A I L U R E S  -  41¥ 0F TOTAL CHIP  F A I L U R E S  

CAUSE :  WORKMANSHIP DEFECTS - PRIMARILY  METAL DAMAGE (75%  OF TOTAL) 

PROJECT 

B . 1 . 1  IMPLEMENT IMPROVED WAFER 
PACKING  AND S H I P P I N G  TO 

KAOHSIUNG 

8 . 1 . 2  DETERMINE SOURCE OF METAL F .  STRNAD/ 
DAMAGE BY PROCESS STEP F .  HALLMAN 

( S e e  a c t i o n  p l a n  attached) 

8 . 1 . 3  IMPLEMENT CORRECTIVE 
ACTIONS REQUIRD IN 
WAFER MODULES 

B . 1 . 4  DETERMINE SOURCE OF METAL 
DAMAGE AFTER WAFER 
PROCESSING 

. 1 . 5  IMPLEMENT CORRECTIVE C .  STOCK SON 
ACTION REQUIRED - PROBE ,  
S H I P P  I N G ,  KAOHSIUNG ASSEMBLY  

( S e e  a c t i o n  p l a n  attached) 

COMPLETION 
DATE 

11/30/81 

11/ 30/81 

01/04/82 

12/01/81  

12/30/81 

R E S P O N S I B ILITY 

C .  STOCK SON 

C .  STOCK SON 

M .  STRNAD/ 
F .  HALLMAN 

8 . 1 . 6  MONITOR METAL DAMAGE AT 
CHANDLER AND KAOHSIUNG 
TO DETERMINE QUANTITATIVE 
IMPROVEMENT 

C .  STOCKSON - CHANDLER --CONTINUOUS- 
H .  GILES  -  KAOHSIUNG 



CORRECT IVE  ACTION PROGRAM 

HARD FA !LURES  -  CONTINUED 

PROJECT 

5 . 1 . 7  EFFECTUATE CORRECTIVE  ACTIONS 
BETWEEN KAOHSIUNG,  CHANDLER, 
HONG KONG, TA IPE I  FOR OTHER 
WORKMANSHIP PROBLEMS; TEST ,  
ASSEMBLY D I E  RELATED 

8 . 1 . 8  P ILOT  LOT 100% AND 200% VISUAL 
SCREENED TO QCI 30014 and 30053 
ANO KEPT SEPARATE BY "RED 
DOTTING" THROUGH MATTEL 
ACCEPTANCE THROUGH SHIPMENT 
CYCLE .  

I F  RESULTS OF EXPERIMENT +10 
ARE POSITIVE ,  FURTHER TIGHTEN 
PRE-CAP VISUAL SCREEN (LABOR 
RESOURCES ANO EQUIPMENT WILL 
BE S U P P LI E D ) .  

R E S P O N S I B I LI TY  

R .  JON:S/ 
R .  HENDERSON 

H .  G I L E S /  
D .  TRINDADE 

COMPLETION 
DA7: 

CONTINUOUS 

3/15/82 



- SOFT FAILURES  ( PROJECT  B . 2 )  

CORRECT IVE  ACTION PR0GRA 

SOFT F A I L U R E S  -  42: OF TOTAL C H I ?  F A I L U R E S  

CAUSE :  EXPOSED GATE OXIDES  -  POOR OVERCOAT INTEGRITY 

COMPLETION 
PROJECT RESPONSIB IL ITY  DATE 

8 . 2 . 1  PRELIMINARY EVALUATION OF R .  MUSA 11/30/81 
FLOOD IMPLANT TO ELIMINATE 
EXPOSED GATE OX IDE  PROBLEM 

(See action p lan  attached) 

8 . 2 . 2  IMPLEMENT FLOOD IMPLANT FOR M .  STRNAD 03/01/82 
STI C AND RAM 

3 . 2 . 3  DEFINE  AND ESTABLISH ON W .  CHURCHILL COMPLETE 
GOING MONITOR FOR PYRO (QCI  30343 )  
INTEGRITY (See action p l a n  attached) 

8 . 2 . 4  DETERMINE  CAUSE AND M .  STRNAD/ 12/18/81 
REQU IRED  PROCESS MODIF ICATIONS  F .  HALL MAN 
TO PASS PYRO I NTEGRITY TEST 

B . 2 . 5  IMPLEMENT PROCESS FOR M .  STRNAD/ 01/04/82 
IMPROVED PYRO F .  HALLMAN 

B . 2 . 6  DES IGN AND TOOL DETECTOR D .  BUTLER 11/11/81  
C I R C U I T S  IN EACH D I E  OF  32040 
TO SCREEN MISALIGNMENT 
ELECTRIALLY 

B . 2 . 7  EVALUATE TEST PROCEDURE R .  MUSA 12/28/81 
FOR SCREEN ING 

8 . 2 . 8  INCREASE BURN-IN POSITIONS W .  CHURCHILL 300 12/01/82 
600 02/01/82 



CORRECT IVE  ACT!ON  PROGRAM 

SOFT FA I L UR E S  -  CONTINUED 

COMPLETION 
PROJECT RESPONSIBILITY DATE 

8 . 2  . 9  PREPARATION OF A NUMBER OF M .  STRAND/ 3/1/82 
KITS W I TH  STIC/RAM IN  D .  TRINDADE 
N ITRIDE  OVERCOAT KEPT SEPARATE 
8Y "YELLOW DOT" THROUGH MATTEL 
ACCEPTANCE THROUGH SHIPMENT CYCLE 

8 . 2 . 1 0  PREPARATION OF A NUMBER OF KITS W .  G ILES/  3/1/82 
WITH STIC/RAM IN HERMETIC PACKAGES D .  TR IND ADE 
(SAME TEST CYCLE - "BLUE DOT " ) .  

B . 2 . 1 1  EVALUATION OF A NUMBER OF K ITS  R .  HENDERSON 1/15/81 FOR 
W ITH STIC/RAM BURNED I N  (SAME THE PRESENT 
TEST CYCLE - "RED  DO T " ) .  TEST OF 2600 

DEICES STIC,  
RAM, CPU 

B . 2 . 1 2  PREPARATION OF A NUMBER OF KITS W .  GILES/  4/1/82 
WITH STIC/RAM IN LOW CHLORINE D .  TR  INO ADE 
COMPOUNDS (SAME TEST CYCLE  

"WHITE DO T " ) .  



- 7 ES75D/USED  0U7 DF CS L I M I T S  ( PR05C7  3 . 3  

7 z 5 7 5 5 /  S5 07S:5 . -    

1 7%  05 TOT-L C H I P  FA I L UR E S  

C . P . S .  

G .  I.  

MATTEL 

RU:RES CH I P  SET TO FUNCTION  IN 40 DEGREES CELS IUS  AMBR!ENT 

TESTS I ND I V I D UAL CHIPS ON AUTOMATIC TESTER AT TEMPERATURE 
EMP IR ICALLY  DETERMINED TO ASSURE 40 DEGREES CELSIUS CHIP SET I M !  
FUNCTION 

REQUIRES CH I P  SET TO OPERATE IN  I NTELL I V I S ION  WITH SEALED CHASIS  
AMB IENT  -  CHIP  SET AT 50 TO 60 DEGREES CELSIUS AMBIENT 

WC 

1 2 / 1 / 8 1  



TES7ED/U52 0UT OF CS L : N ! T S  (PR0EC7 5 3 '  -  CON7:NED 

PR0£CT7 

3 . 3 . 1  R£CAL!BRAT!  INTELL  I V I S I O N  

OPERATING ENVIRONMENT 

. 3 . 2  RECALIBRATE CHIP  " C P S  

AMB IENT"  TO S U I T  THE 

ACTUAL OPERATING 

N':RONMENT 

8 . 3 . 3  REDO C P S ' S  TO CONFORM TO 

THE ACTUAL OPERATING 

ENV IRONMENT  

3 . 3 . 4  R£0O COMUTER TEST PROGRAMS 

AND RAIL  TEMPERATURES TO 

CONFORM 

E S ° N 2 : 7 v  

R .  HENDERSON 

R .  HENDERSON 

D .  HARROWER 

D .  HARROWER & 

VARIOUS OTHERS 

COM?LE7:0N  

2:7: 

1 2 /3 /2 1  

12/3/81  

2/1/82 

THRU 6/1/82  



• -R0GRAM C - POST 5 U R N - I N  OPERA7:NG  L I F E  F A I L U R E S  

-A.YI5 5:5. ·57 557 70 D57ER!: : 5 - :.R5  : > ; : 7  : S  51.-: 7 

TO0 ASS:BL/7ES7/100% 3UR-IN L A I 7 : .  

C0PL57:ON  
PR0JET R E S P 0 N S I 3 I L ! T Y  DATE 

C . l  MONTHLY RETURNS FROM MERC R .  HENDERSON 1/4/82  
ON GOING  

C . 2  ESTABLISH MONTHLY REPORT R .  HENDERSON 1/18/82 
( F I E L D  FAILURES AND DATE CODES)  

C . 3  ESTABLISH ROUTINE ANALYSIS  W .  CHURCHILL 1/4/82 
PROCEDURE (ANO STAFFING)  

C . 4  ESTABLISH MONTHLY REPORT W .  CHURCHILL 2/1/82  
( FA ILURE  ANALYSIS MODALITY :  
F I E L D  AND INTERNAL) 
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E X 3 1 7  I V  

A77:.  

J U L .  AUG.  z57 OCT.  

3 . 7  1.0 1.5  2 . 0  

1.0  1 . 0  2 . 0  1 . 5  
7  . 3  4 . 5  5 . 0  5 . 3  

2 . 0  

1.0  

6 . 5  

C O N D I T I O N S :  25 DEGREES C -  500 HOUR -  6 HOUR P R : - S C £ 5 N  
(:CLOSED GAME) 

J U N .  

RAM 
STI C 
TOTAL 

KAOHSIUNG 

C O N D I T I O N S :  40 DEGRE:S C  -  NO PRE SCREEN 
(OPEN GAME) 

RAM 
ST IC  
TOTAL 

U L . -  1000 HR .  

8 . 0  

1 0 . 0  

20 . 0  

0CT.  -  500 HR . 

8 . 0  

5 . 0  

1 8 . 0  

CHANDLER 

C O N T : T I O N S :  125 DEGRE55 C - NO PRE SCREEN  100 HR .  SIILA7ED 
APP LI CA TI ON 

MAY JUN .  U L .  AUG .  S:PT.  
RAM 1 2 . 8 %  .3% 5 . 5 %  2 . 5 %  4 . 5 %  
STI C  5 . 5  2 . 7  2 . 4  1 . 0  2 . 3  

WC'RH 
2 / 1 / & 1  



MATTE. I N - P R O C E S S  K I T  FALLOUT 

TOTAL L INE  K IT  FALLOUT 
(83 PERCENT OF LOSS AT POST B U R N - I N )  

18 PERCENT 

 

THROUGHPUT LOSS DUE TO FAILURE OF:  

RAM LSI  40 PERCENT 
STIC  L S I  30 PERCENT 
cPu LS I  12 PERCENT 
SOUND L S I  7  PERCENT7 
OTHER FOUR LSI  1 1  PERCENT 

IOU ERE7 

WC 

1 2 / 1 / & 1  



EX;E!7  I 

A N A L Y S : S  F I N D I V I DUAL  L S :  

TESTED/USED BY 

HARD SOFT CUSTOMER OUTSIDE  

LSI  FA ILURES  FAILURES OF CPS LIMITS TOTAL 

RAM 20% 60% 20% 100% 

STI C 42% 42% 16% 100% 

CPU 64% 16% 20% 100% 

SOUND 88% 8% 4% 100% 

OTHER FOUR 55% 25% 20% 100% 

WC 

1 2 / 1 / 8 1  
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R55ME 

0: 

F05°7 5 .  0 E S  

e :  50 

M e r r i e ,  four  cn icen 

SUMMARY: 

Twenty-three years of semiconductor exper ience  i n  manufa ctur i n g  anc operat ion s  
management ( F r o n t - E n d / c k - E n d ) ,  manufactur ing ,  process ,  product and d e s i g n  
e n g i n ee r i n g  f unct i on s .  

X > 5 R 1 E N C :  

Genera l  Instrument  Corporat i on ,  M i croe l ectron i c s  D i v i s i o n  
? 7  zo Present ]  

Operat ions  Manae, H i c k s v i l l e  P l a n t  
Kune IT ,  I F 7€  -  Jenaury i ,  1I 8 ]  

R e s p o n s i b i l i t i e s :  The c oord i n a t i o n  and d i r ect i o n  of S a c k - E n d  funct ions  
( A s semb ly ,  T e s t ,  Product E n g i n e e r i n g ,  Customer S erv i c e ,  Product ion  
C o n t r o l ) .  D ur i n g  t h i s  tenure the coord inat ion  f these Back - End  funct ions  
resulted i n  major o r gan i z a t i o n a l  accompl i shments  through d i s c i p l i n e  w i t n  
p o s i t i v e  r e s u l t i n g  customer s a t i s f a c t i o n s .  

Part Mana  e r ,  H i c k s v i l l e  P l a n t  
January I ,  1980 - October I ,  2 S8 1 )  

R e s p o n s i b i l i t i e s :  A l  s i t e  f u nct i o n s .  Wafer F a b ,  Photomzsk ,  A s s e m b l y ,  
T e s t ,  Product E n g i n e e r i n g ,  Customer S e r v i c e ,  Production  C o n t r o l .  I n  
a d d i t i o n ,  i n  the absence of the V i c e  Pres i dent  &  D i v i s i o n  General  M a n g e r ,  
fr  a  per iod  of fourteen months w h i l e  that  Manager  wes on o f f - s i t e  
a s s i gnment ,  the P l a n t  Managers '  p o s i t i o n  had  the a dm i n i s t r a t i v e  re spons i   
b i l i t y  of manag ing  m a r k e t i n g ,  s a l e s  and  d e s i g n  e ng i neer i n g .  

St±ff A s s i s t a n t  tc tne Deut Group Execut ive  
October l ,  1 9& -  Present 

R e s p o n s i b i l i t i e s :  W o r l dw i d e  i m p l e m e n t a t i o n ,  c o o r d i n a t i o n  nc d i r e c t  on c° 

new mocuer deve l opment ,  c o n s tru c t i o n ,  p r o c e s s , a c t i v a t i o n  and  s t 2 7  ng 
fr q u a l i t y  zn 2rcucivizy a c c o m p l i s h m e n t s .  

,  .' .· / 



t 

EXIE!T y : : :  ( C o r t i n u e c )  

R C A ,  S l i ¢  S t t e  D i v i s i o n  
( 1 9 6 5  to 1 9 7 & )  

D i r e c t 0 r ,  S  E n g i n e e r i n g  ' S o m e r v i l l e ,  New J e r s e y )  
t !  e r ,  

- e s 2 o n s i b i l i t i e s :  P roce s s  d e v e c z m e n :  z nc  improvement ,  p a c k a g e  
z e c n n c l o g y ,  t e s t  t e c n n c l o g y ,  a n d  c e s i g n  a u t o m a t i o n .  M a jor  accomn 
p l i s h m e n t s :  ( a )  d i r e c t e d  a  t a s k  force e r  tnz:  w i z i n  s i x  months 
r e s o l v e d  a  r e l i a b i l i t y  p r o b l e m  e x i s t i n g  fcr s i x  y e ± r s ,  ( b }  i n s t a l l e d  
p r o d u c t i v i t y  m e a s u r i n g  t o o l s  and d i s c i p l i n e  w i t h i n  the MOS e n g i n e e r i n g  
o rg a n i z t i o n s  ( c )  s e l e c t i v e l y  reduced cyc le  time by z factor 7 30% 

M a n a g e r ,  F i n d l e y  P l a n t  ( F i n d l a y ,  O h i o )  
(  2  Y e a  r s )  

R e s p o n s i b i l i t i e s :  A 1 ]  l o c a t i o n  functions .  Steff consisted of the 
f o l l o w i n g  managers :  MOS Wafer F a b r i c z t i o n ,  MOS Assembly and Test ,  MS 
H i g h  R e l i a b i l i t y  Manufacturing ,  Stem Manufacturing ,  Materia ls  Engineer 
i n g ,  P urchas i ng ,  Q u a l i t y  &  R e l i a b i l i t y  Assurance ,  F i n a n c i a l  Operat ions ,  
I n d u s t r i a l  R e l a t i o n s  and P l a n t  E ng i neering .  Location popu l ation :  15, 
Major accompl i shments :  ( a )  p l a n t  management through  the recession  year  
f 1975  and rap i d  recovery year f 176,  (b)} manufacturing cost reduction 
each year  of 15% - 2 0 : ,  and (c) reduction cf manufacturing cyc le  times 
by 30% - 50% .  

Manager ,  MOS Integrate C i r c u i t  Mariacturing 
6 Ters 

R e s p o n s i b i l i t i e s :  Two domestic MS factories employing  900 personne l ,  
start-up p l a n n i n g  and f a c i l i t a t i o n  for a th ird  domestic  l o c a t i o n ,  Major 
accomp l i shments :  Successful  establishment end expansion of three MS 

manufa ctur i ng  o p e r at i ons .  

Eng i neer i ng  L e a der ,  MOS Des ign  
g.YesT 7  

R e s p o n s i b i l i t i e s :  Process development and device  layout design for MS 
c i r c u i t s .  Major  accompl ishment :  successfu l  program to take a troub l ed  
MOS product l i n e  from non-reproduc ib le  model shop sttus  to go i ng  
factory s t e t u s .  

E n c i n e e r i n  Leder ,  B i p o l a r  I C  Manufacturinc  
2 Years  

R e s p o n s i b i l i t i e s :  Process  e n g i n e e r i n g  r e s p o n s i b i l i t y  for e r  znd assen:iy 
p r o c e s s e s ,  anc product e n g i n e e r i n g  fr a f am i l y  of l i n e = r  i n t e r ¢  
c i r c u i t s .  



XIEI7 I ;  ( C o n t i n u e d )  

P h i l c o - F o r d .  Semiconductor  D i v i s i o n  
I -  I  

Production  M e n c e r ,  M i c r o e l e c t r o n i c s  2 i v i s i o n  
( 2  ' = r s ,  
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Penn State Un i vers i ty  

Penn State Un iversity  

1952 - 1955 SME ( Honors )  
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Graduate Courses i n  Bu s i ness  and 
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