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EXHIBIT C

Shipment Schedule: Gaf#® Sets and Cartridge Sets (000)

CARTRIDGE SETS

MONTH Min. Cum. Min. Cum. Max. Cum.
381 Nov. 175 175 1100 1100 1100 1100
Dec. 150 350 700 1800 950 2050
982 Jan. 125 525 400 2200 750 2800
Feb. 175 725 700 2900 1200 4000
Har. 178 950 700 3600 1200 5200
Apr. 175 1175 700 4300 1200 6400
May 175 1150 235 1410 500 4800 1400 7800
June 175 1325 235 1645 500 5300 1700 9500
July 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
Oct. 165 2000 235 2575 300 6800 1800 16800

*All Cartridge Set orders scheduled for shipment after August 1, 1982, will be
Eompleted with the shipment of one 40K ROM, except as otherwise requested by
uyer.

Note #1: This revision is based upon the following mix of Cartridge Sets:

Month 40K ROMs 20K ROMs
May 150 1250
June 500 1200
July 1200 400
Aug. 1200 500
Sept. 1550 650
Oct. 1300 500

Revision #
6/8/82



Note 2:

Note 3:

JPposes of count against Exhibit C,
40K ROM or two 20K ROMs.

A Cartridge Set I3
consists of eithe

The additiona
will be at a u
$1.37 per ROM.

bcity for August through October
g¢ of $2.74 per Cartridge Set or

Revision #1
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AGREEMENT OF SALE AND PURCHASE

AGREEMENT made as of the lst day of November, 1981, by and
between GENERAL INSTRUMENT CORPORATION, Microelectronics Divi-
sion, a Delaware corporation, with a place of business at 600
West John Street, Hicksville, New York ("Seller") and MATTEL,
INC., Mattel Electronics Division, a Delaware corporation, with a
place of business at 5150 Rosecrans Avenue, Hawthorne, California
("Buyer").

WITNESSETH:

WHEREAS, Seller desires to manufacture and sell certain mic-
roelectronic equipment (the "Products") to Buyer and Buyer de-
sires to purchase the Products from Seller;

WHEREAS, Seller and Buyer desire to establish the terms and
conditions of sale and purchase for the Products;

NOW, THEREFORE, in consideration of the premises and mutual
covenants and agreements set forth herein, the parties agree as
follows:

l. Formation of Contract.

Any term or condition of (a) Buyer's purchase order; (b) re-
leases pertaining thereto; (c) Seller's order acknowledgment; or
(d) any communication between Buyer and Seller which is in any
way inconsistent with the terms and conditions set forth herein
shall be deemed to be null and void and shall not be binding on

either party hereto, unless agreed to in writing in accordance

with the provisions of Paragraph 27.



2. Products.

(a) The Products purchased and sold hereunder shall be those
set forth in Exhibit A. The terms "Game Sets" and "Cartridge
Sets" shall have the meaning assigned them in Exhibit A. The
parties may increase, decrease or modify the items included in
the Products at any time by writing in accordance with the provi-
sions of Paragraph 27.

(b) The Products shall be manufactured and shall perform in
accordance with the specifications attached to this Agreement as
Exhibit B ("Specifications") and Exhibit D ("Quality Require-
ments").

3. Design Changes.

(a) Buyer may, by written notice, request Seller to provide
qguotations regarding changes and/or additions (hereinafter re-
ferred to as "Design Changes") to the Products, Specifications
and Quality Requirements listed in Exhibits A, Band D respec-
tively. Within fourteen (l4) business days after receipt of such
notice, Seller shall provide Buyer with a written quotation set-
ting forth the design and development costs, production costs and
schedule impact for such Design Changes, which quotations shall
be valid for a period of thirty (30) days thereafter. 1In the ev-
ent the parties agree to implement any such Design Changes, Sel-
ler will advise Buyer in writing of the person assigned to accom-
plish the Design Change, and Seller will provide Buyer with a De-
sign Change plan delineating milestone schedules for implementa-
tion of the change. Such Design Changes shall not relieve Buyer

of its obligation to accept Products either manufactured prior to



such implementation or reshipped Products returned by Buyer that
were found to be in conformance with the Specifications in effect
at the time of original shipment of Products or repaired to the
Specifications (in lieu of replacement), except that Products re-
turned by Buyer pursuant to Paragraph 8 or 9 hereof more than
thirty (30) days after the date of such implementation shall be
replaced (if Seller elects to replace) by Products conforming to
such Design Changes.

(b) In no event will Seller implement any mask tooling or
final test procedure changes to the Products as specified in Ex-
hibits B and G without prior written approval and authorization
of Buyer, including the effective date of implementation. The
only exception will be those changes in the final test procedures
necessitated by (i) the revisions in Exhibit B mutually agreed to
by the Seller and Buyer and (ii) the changes in mask tooling and
final test procedures envisioned by the program set forth in
Paragraph 13(d). Seller will submit qualification samples to
Buyer for approval prior to production and delivery of Products
affected by such change. Buyer will respond to Seller in writing
within four (4) weeks after receipt of any approval reguest for a
mask design tooling change and within two (2) weeks for any ap-
proval request for a final test tape change. Buyer shall not un-
reasonably withhold any such requested approval. Seller will be
liable for any cost impact or schedule delay caused by any mask
tooling or final test procedure implemented by Seller without

prior written approval (or waiver thereof) of Buyer.



4. Tooling.

Seller shall retain title to, possession of, and the right to
exclusive use of manufacturing tooling made or obtained by Sel-
ler, including all masks, tapes, plots, drawings, fixtures, test
programs, equipment and manufacturing aids except as provided in
Paragraph 12.

5. Purchase and Sale; Inventory.

(a) In accordance with Exhibit C and subject to subsequent
modification thereof as provided herein, Buyer agrees to purchase
and Seller agrees to sell the specified minimum cumulative gquan-
tity at any given time during the term hereof. Buyer may pur-
chase quantities up to the specified maximum cumulative quanti-
ties of Exhibit C, provided such guantities are ordered in accor-
dance with subparagraph (b) below and do not exceed maximum
monthly quantities, except as provided in the next sentence.
Seller may, at its option, accept purchase quantities in excess
of the maximum monthly and/or cumulative quantities specified in
Exhibit C. In such event Seller will prepare and forward to Buy-
er a revised Exhibit C within ten (10) days after acceptance of
the subject purchase orders reflecting the greater maximum month-
ly and/or cumulative guantities, which revised Exhibit C will
supersede the prior Exhibit C and will be binding on the parties
in accordance with Paragraph 27.

(b) Buyer shall issue purchase orders to Seller identifying
the desired quantities of Products at least ninety (90) days pri-
or to the fifteenth day of the subject shipment month for Game
Sets and sixty (60) days prior to the fifteenth day of the sub-

ject shipment month for Cartridge Sets. The purchase orders
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shall refer to this Agreement, describe the Product, specify a
delivery date, list the applicable price in accordance with Ex-
hibit A and describe the method of shipment. Seller will acknow-
ledge Buyer's purchase orders within ten (10) days after receipt,
which acknowledgment will confirm Seller's obligation to ship
Products in accordance with the price, gquantity and delivery
schedule specified on Buyer's purchase order, provided such
price, quantity and delivery schedule are consistent with the
terms of this Agreement. Any purchase order which is inconsis-
tent with the terms of this Agreement will be acknowledged by
Seller reflecting the terms of this Agreement or, in the case of
deliveries, the best delivery schedule available. The price,
gquantity and delivery set forth in Seller's acknowledgment shall
be binding on the Buyer unless Buyer rejects Seller's acknowledg-
ment in writing within three (3) days after receipt thereof.

(c) In addition to the requirements of Exhibit C, commencing
in March, 1982 Seller shall maintain a constant inventory of at
least twenty thousand (20,000) of each of the Buyer's unigue Game
Set part numbers (excluding Cartridge Sets) for the purpose of
fulfilling Buyer's requirements for spare parts and supplying re-
placement parts reguired under Paragraphs 8 and 9. Buyer will
issue purchase orders for spare parts on an as reqguired basis.
Seller will date code all spare parts as of the date of shipment
to Buyer.

6. Packing, Transportation, Title and Risk of Loss.

(a) Seller shall, at its own expense, box, crate, pack and

package all the Products in a commercially reasonable manner in



compliance with the requirements of common carriers. Shipmants
shall be addressed to Buyer (including Buyer's agents) at such
addr=ss as Buyer may designate to Seller by notice in accordance
with Paragraph 10(b) and, if no such address has been designated,
to the address of Buyer as set forth in Paragraph 21. Seller
shall be the importer of record on all shipments into the United
States. Buyer's part numbers, quantities and symbols shall be
marked on all invoices, packages, bills of lading, shipping or-
ders and correspondence, provided Seller shall have been timely
notified thereof. Shipping memoranda or packing lists shall ac-
company each shipment of the Products, and, in the event that
more than one package is shipped at one time, Seller shall iden-
tify the package containing the memoranda or lists. Two (2)
copies of packing slips or shipping receipts shall be sent to
Buyer on date of shipment.

(b) Seller shall select the least expensive mode of trans-
portation and carrier consistent with the delivery requirements
of Buyer, unless otherwise instructed by Buyer. The carrier
shall be deemed to be Buyer's agent, except in the case of ship-
ments from Seller's manufacturing facilities outside the United
States to ports of entry in the United States selected by Seller
for subsequent shipment to Buyer or its agent in the United
States, in which case Seller shall be importer of record as
aforesaid and the carrier shall be deemed Seller's agent, pro-
vided, however, that notwithstanding the foregoing, Buyer shall
remain responsible for the payment of all charges pursuant to

Paragraph 7.



7. Payment Terms.

(a) Prices set forth in Exhibit A are effective at Seller's
shipping plant and do not include any freight, transportation,
duties, insurance, sales, property or ad valorem taxes, all of
which shall be at Buyer's expense.

(b) If Seller ships the Products in installments, each in-
stallment shall be deemed to be a separate delivery for the pur-
pose of this paragraph. Seller will invoice all Products sold
hereunder as either Game Sets and Cartridge Sets except in the
event of purchase orders for individual spare parts, repair or
replacement parts, or at Buyer's specific request. For delivery
in the United States or other designated areas where the Products
must clear customs, the terms of payment shall be thirty (30)
days after the date of invoice, said date of invoice shall be ap-
proximately the date on which Seller shall deliver the Products
to the appropriate port of entry. For delivery of products to
locations without special customs requirements, such as Hong
Kong, shipments shall be made F.O.B. Seller's plant to the Buy-
er's designated subcontractors and invoice date shall be date of
delivery by Seller to carrier. The terms of payment in these in-
stances shall be thirty (30) days after the date of invoice.

(c) In the event that Buyer rejects Products in accordance
with any of the provisions of Paragraph 8, Buyer may, upon writ-
ten notice to Seller, set off against outstanding amounts due to
Seller, an amount equal to the price of the Products multiplied
by the number of defective or incomplete Game Sets and/or Car-
tridge Sets which Buyer or Buyer's agent is holding pending re-

ceipt from the Seller of the items of the Products necessary to
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make those Game Sets and/or Cartridge Sets complete and accept-

able.

8. Inspection, Testing, Acceptance and Rejection.

(a) The Products purchased hereunder shall be subject to in-
spection, test and acceptance by Buyer in accordance with the
standards and procedures set forth in Exhibit B, in the following
manner:

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

ana time, including Seller's or Buyer's plant or any other

point of destination designated pursuant to this Agreement.

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

Seller's plant, Buyer's inspector shall in no way interfere

with, delay or otherwise obstruct the operation of Seller's

factory and shall restrict his activities solely to the in-
spection of Products tendered by Seller. Acceptance of the

Products by such inspector shall be in writing.

(ii) If Buyer shall, pursuant to Paragraph 11, designate an

agent to perform such inspection and acceptance, the Products

shall be deemed to be accepted by Buyer upon acceptance by
such agent.

(b) At Seller's plant or within thirty (30) days of receipt
of a shipment by Buyer or its agent, Buyer or its agent shall be
entitled to reject any Products which, having been tested by Buy-
er in accordance with Exhibit B, do not meet the Specifications
set forth therein. Buyer shall, at its option, either (i) indi-
vidually test all parts, Game Sets or Cartridge Sets from a given

lot in accordance with Exhibit B, or (ii) individually test a



random sample of the parts, Game Sets or Cartridge Sets in accor-
dance with Exhibit B, such random sample to be selected in accor-
dance with a one percent (1%) AQL on electrical specifications, a
two and one-half percent (2-1/2%) AQL on package, lead dimensions
and solderability in accordance with MIL-STD-105D Sampling Pro-
cedure, Inspection Level II, Single Sampling. For the purpose of
this subparagraph, a "lot" shall mean the total number of Game
Sets, Cartridge Sets or parts thereof covered by a single ship-
ment memorandum. In the event Buyer or its agent shall, as a re-
sult of such test, determine that any Game Set, Cartridge Sets or
parts (in the case of tests performed pursuant to clause (i)
above) or any lot (in the case of tests performed pursuant to
clause (ii) above) shall fail to meet the Specifications, Buvyer
or its agent may reject such Game Set, Cartridge Sets, parts, or
lot (as the case may be).

(c) In the event Buyer elects to inspect the Products at
other than Seller's plant, and Seller shall not receive written
notification of non-conformity from either Buyer or its agent (as
the case may be) within thirty (30) days of the receipt of a
shipment of Products, said Products shall be deemed to be ac-
cepted.

(d) In the event Buyer or its agent shall reject any of the
Products hereunder in accordance with subparagraph (b) above,
Buyer shall promptly notify Seller thereof by telex or other sim-
ilar means. Return of rejected lots and/or individual parts

shall be accomplished in accordance with Exhibit E. Seller shall



be liable for all shipping charges to and from the location des-
ignated by it to the Buyer in connection with defective Products
returned pursuant to this Paragraph 8.

(e) Any Products rejected in accordance with this Paragraph
8 and found to be non-conforming by Seller shall be repaired or
replaced, at Seller's option. Seller shall repair or replace and
ship such repaired or replaced Products in a timely manner giving
due consideration to Buyer's production requirements. The term
"timely manner" shall mean the next available shipment allowing
due time for the processing of Seller's internal paperwork but no
later than thirty (30) days after receipt of notice that any such
Products have been rejected. Seller may perform any minor repair
work at the inspection location of Buyer or its agent, provided
such work does not interfere with Buyer's production activities.
In no event shall Seller be liable to Buyer for Products that do
not conform to the Specifications except for repair or replace-
ment thereof as provided herein.

(f) Any Products shipped by Seller in the good faith belief
that such Products are conforming and which are rejected in ac-
cordance with this Paragraph 8 or returned in accordance with
Paragraph 9 and which are repaired or replaced in a timely manner
(as defined in subparagraph (e) above) shall not be subject to
rights of cancellation of the Buyer set forth in subparagraph (g)
of this Paragraph 8, Paragraphs 9, 10 or 14 and Buyer shall ac-
cept delivery of all such repaired or replacement Products.

(g) Buyer shall have the right, upon written notice to Sel-

ler, to cancel that portion of a purchase order for any Products
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rejected in accordance with this Paragraph 8 or returned to Sel-
ler in accordance with Paragraph 9 if such repaired or replace-
ment Products are not shipped to Buyer within thirty (30) days
after Seller's receipt of notice that any such Products have been
rejected. Upon exercise of such right, Buyer will promptly re-
turn to Seller an equivalent number of Game Sets or Cartridge
Sets absent the rejected or returned Products. Accordingly, the
minimum and cumulative amounts set forth in Exhibit C shall be
reduced by the number of Products (i.e., Game Sets and Cartridge
Sets) so cancelled and returned to Seller. The Seller will pre-
pare and forward to Buyer a revised Exhibit C within ten (10)
days after receipt of all the cancelled Game Sets and Cartridge
Sets, which revised Exhibit C will supersede the prior Exhibit C
and will be binding on the parties in accordance with Paragraph
2%

(h) The parties shall meet from time to time, upon the rea-
sonable request of either, to review possible approaches to re-
ducing costs and prices, improving the Products, or otherwise ad-
vancing their mutual interests as set forth herein, but nothing
therein shall be deemed to require either party to agree with any
amendments or modification of the provisions of this Agreement.

9. Seller's Warranty.

(a) Seller represents and warrants to Buyer that the Pro-
ducts sold hereunder shall at the time of acceptance by Buyer and
for a period of seven (7) months after the date code indicated
thereon, conform to the Specifications. Seller will ship Pro-

ducts within four (4) weeks of their indicated date code.
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Failure by Seller to ship within said four (4) week period will
entitle Buyer to reject the subject individual parts, Game Sets
or Cartridge Sets but not entire lots of the Products (subject to
the terms of paragraph 8(e), (f) and (g)) or to accept such guan-
tity and extend the aforesaid seven (7) month warranty by the
period of such shipment delay. Seller's liability under this
warranty shall not extend to any other person or entity other
than Buyer or Buyer's agent or Buyer's licensees and shall be
limited to the repair or replacement, at Seller's option, of any
defective Products. Seller shall use all reasonable efforts to
repair or replace and ship Products returned pursuant to this
subparagraph (a) in a "timely manner" as such term is defined in
Paragraph 8(e). Buyer shall have the right to cancel rejected
Products in accordance with Paragraph 8(g). Seller shall be 1li-
able for all shipping charges to and from the location designated
by it to the Buyer in connection with defective Products returned
pursuant to this Paragraph 9.

(b) Repaired Products, or Products delivered as replace-
ments, pursuant to the provisions of Paragraphs 8(e) or 9(a)
hereof, shall also be covered by the foregoing warranty in accor-
dance with its terms, 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 liability under this warranty for:

(i) any costs and expenses incurred to remove the Products

from any circuit board;
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(i1) any Products which have been altered, replaced or re-

paired, or have been serviced by persons other than Buyer or

its agents without Seller's consent, which consent shall not

be unreasonably withheld;

(11i1) defects or failures which are the result of mishandl-

ing, vandalism, negligence, abuse or misuse of the Products.

(d) The soldering of parts to a printed circuit board under
generally accepted commercial practice shall not void this war-
ranty, provided that such parts shall be removed from said boards
in a manner which shall permit Seller to test such parts.

(e) THE FOREGOING EXPRESS WARRANTIES OF SELLER ARE EXCLUSIVE
AND ARE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED.
SELLER SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

10. Shipments.

(a) To facilitate Buyer's internal production planning, Sel-
ler shall supply Buyer with a weekly ten-week shipment forecast
based on estimated shipments versus the production guantities or-
dered on Buyer's purchase orders and acknowledged by Seller which
shall reflect a linear progression of shipments to Buyer through-
out the term of this Agreement, insofar as may be practicable.
Said shipment forecast is supplied for informational purposes on-
ly by the Seller and shall not supersede Seller's acknowledged
shipment schedule. 1In addition, Seller shall, upon written re-
guest, provide Buyer with work-in-process data on a per part num-
ber basis, at all facilities where the Products are being manu-

factured. This data shall include work-in-process quantities in
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wafer starts and fab, and throughput yield in wafer process,
probe, assembly and finished goods. All data shall be yielded to
give equivalent finished goods gquantities per part. Seller shall
provide Buyer on a weekly basis with an explanation concerning
the failure to deliver the Products in accordance with the Sel-
ler's acknowledged shipment schedule, and a corrective action
plan delineating specific action to be taken, e.g., a wafer load-
ing recovery plan that will recover the quantities in arrears
and/or any imbalance in Cartridge ROM patterns.

(b) Buyer will provide written shipping destination instruc-
tions on the Monday that falls before the first shipping date of
the following month, covering that month's shipments. Buyer re-
serves the right to change said shipping destination instructions
at any time up to seven (7) days prior to any scheduled shipment
date 1if Seller fails to ship or advises Buyer that it will be un-
able to ship the gquantity and/or Cartridge ROM pattern type as
previously advised by Seller.

(c) Seller shall ship Products in complete matched tested
Game Sets only, as defined in Exhibit A, unless otherwise direc-
ted by Buyer. Production requirements for multiple part car-
tridges shall be shipped in balanced ROM parts only (Cartridge
Sets) unless otherwise directed by Buyer.

(d) Seller shall ship during any fiscal monthly period of
Seller, Game Sets and Cartridge Sets in accordance with the quan-
tities ordered on Buyer's purchase orders acknowledged by Seller,
which shall be placed in accordance with Paragraph 5. 1In addi-

tion to any other rights of Buyer under this Agreement, Buyer may
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defer payment of the portion of the invoices due and payable un-
der the terms of this Agreement for a specific Cartridge ROM pat-
tern that exceeds the guantities ordered by Buyer and acknow-
ledged by Seller in excess of five percent (5%) unless such ex-
cess 1s requested by Buyer and acknowledged by Seller. Within
five (5) days after the cumulative amount of such Cartridge ROM
pattern shipped equals the cumulative amount ordered, Buyer shall
submit to Seller all such deferred payments. Seller reserves the
right to ship up to five percent (5%) overage of any specific
Cartridge ROM pattern scheduled in a given month, however, this
shall not be cumulative on any such Cartridge ROM pattern on a
month to month basis, nor shall it be cumulative in total for all
Cartridge Sets ordered. Seller will ship all Cartridge Sets
against purchase orders in chronological order for each Cartridge
ROM pattern purchased prior to shipping the same Cartridge ROM
pattern against a subseguent open purchase order.

(e) The purchase of probed ROM wafers or tested die by Buyer
shall be credited against Seller's obligation to satisfy the
guantity requirements set forth in Exhibit C for Cartridge Sets
on a good die per ROM wafer basis.

(f£) In the event that Seller shall be more than thirty (30)
days in arrears in shipping scheduled guantities of the Products
(whether Game Sets or Cartridge Sets) in accordance with the
schedule and terms and conditions set forth herein, which delay
shall be caused by any reason, including, but not limited to, a
failure of the Products to meet the Specifications, but specifi-
cally excluding any delay caused by an event described or in-
tended by Paragraph 14 hereof, the Buyer may, at any time prior
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to the time Seller ships the gquantity so in arrears, upon notice
to Seller, cancel without cost the purchase order relative to the
guantity so in arrears, or any portion thereof. Accordingly, the
minimum and cumulative amounts set forth in Exhibit C shall be
reduced by the guantity of Products so cancelled. The Seller
will prepare and forward to Buyer a revised Exhibit C within ten
(10) days after receipt of Buyer's cancellation notice, which re-
vised Exhibit C will supersede the prior Exhibit C and will be
binding on the parties in accordance with Paragraph 27.

(g) All shipments of the Products by Seller which have not
been cancelled in accordance with the terms of this Agreement
shall be deemed due shipments under the terms and conditions
herein, and this Agreement shall remain in full force and effect
for the period required by Seller to complete shipment of the
guantities of Products in arrears, unless such Products are sub-
sequently cancelled by Buyer as provided herein. The Buyer's
remedies set forth in Paragraphs 8, 9, 10, 14 and 15 for lateness
of shipments or failure to ship in accordance with the acknow-
ledged shipment schedule shall be the Buyer's sole and exclusive
remedies.

(n) Seller shall employ the available capacity at the Sel-
ler's plants for the manufacture of the Products in the following
order of priority:

Chandler, Arizona - Wafer C
Chandler, Arizona - Wafer B
Glenrothes, Scotland - Wafer B

Seller will use all reasonable efforts to minimize the use of its
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Glenrothes facility recognizing the increased expense to Buyer 1in
customs duties attributable to Products manufactured there.

(i) Seller will provide, at Buyer's request, all documenta-
tion necessary for Buyer to obtain Tariff Schedule of the Unitegd
States (TSUS) 807 or 800 gualification for customs purposes. 1In
addition, Seller will, at Buyer's request, assist Buyer in ob-
taining TSUS 807 qualification for Cartridge Sets and any other
Game Set parts not currently qualified for TSUS 807.

11. Agency.

Buyer may at any time and from time to time, by notice to
Seller, appoint agents for the performance of its duties related
to the Products, including, but not limited to, inspections and
acceptance, order release for shipment, receipt of shipments,
settlement of claims, changes in the Products and Specifications
and the like. Seller may rely on the advice and instructions of
any such agent within the scope of such agent's authority as the
same may be designated by Buyer in such notice. Buyer shall in-
demnify and hold Seller harmless from liability of any kind on
account of any and all acts of any agent appointed by Buyer, pro-
vided such acts are within the scope of the agency.

12. Second Source.

(a) In the event that Seller shall not be able to perform
this Agreement for the reasons set forth in Paragraph 14 hereof,
or is otherwise unable to meet the acknowledged shipment sche-
dule, Buyer may request in writing that Seller establish a second
source of supply for those items of the Products which are delin-

quent against the acknowledged shipment schedule by a quantity
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equal to the scheduled thirty (30) day supply. In such event,
Seller shall use reasonable efforts to enter into an agreement
with a subcontractor approved by Buyer (which approval shall not
unreasonably be withheld) to manufacture the items and guantities
of the Products specified by Seller for which Seller is so delin-
qguent. Alternatively, with the approval of the Buyer, Seller may
enter into an agreement with a subcontractor to produce appropri-
ate quantities of other items of the Products which are not de-
linguent but which said subcontractor manufacture will permit the
Seller to reallocate its resources to increase the production of
those items of the Products which are delinquent. Seller shall
provide Buyer with a performance plan including but not limited
to milestones for quality approval of the subcontractor's Pro-
ducts and production schedules. Any such subcontractor shall be
under the direction and control of the Seller and shall not sell
Products directly to the Buyer.

(b) Should the Seller be unable to establish a subcontractor
in accordance with Paragraph 12(a) hereof within sixty (60) days
of the Buyer's written request, then the Buyer shall have the op-
tion of establishing a second source for those items of the Pro-
ducts, and specifically those mask numbers, for which the Seller
is delinquent against the acknowledged shipment schedule by a
guantity equal to the scheduled thirty (30) day supply, upon pay-
ment to the Seller of a lump sum of $10,000 for each mask number
per second source, but without royalty payment as provided in Ex-
hibit F until such time as said delingquency shall be eliminated.

For the lump sum payment, Seller shall deliver to the Buyer or to
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the second source the information identified in Exhibit F(3).
All such Confidential Information provided by Seller hereunder
shall be complete in all respects and conform to Seller's then
current manufacturing practices. Seller shall also provide to
each second source a maximum of ten (1l0) working man-days of en-
gineering service for each mask number to assist each such second
source in the manufacturing of the respective part. Such initial
engineering services will be provided without additional charge
to any second source; provided, however, Buyer will be liable for
all transportation and living expenses of the Seller's engineers
without the continental United States. Further, any additional
engineering services in excess of the ten (10) working man-days
required by any such second source shall be billed at a rate of
$75 per hour plus transportation and living expenses. Seller's
engineers shall be under the direction and control of the Buyer's
engineering department while rendering such engineering ser-
vices. Buyer agrees to pay or shall cause each such second
source to pay Seller the royalty as shown in Exhibit F beginning
with the time that said delinquency is eliminated. Said rovalty
payments shall be based on the selling price of such Products be-
tween the second source and Buyer. For the purposes of the cumu-
lative guantity 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
particular mask number part, including the delinquency quantity.
(c) Buyer may, at any time during the term of this Agreement

or upon termination of this Agreement as provided in Paragraph
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15, for the purpose of establishing a manufacturing source for
any one or more of Products, acquire from Seller the Confidential
Information set forth in Exhibit F(3), which Confidential Infor-
mation Seller will promptly transfer and deliver to Buyer upon
the payment to Seller of the lump sum amount of $10,000 per Pro-
duct part for each proposed manufacturing source and an agreement
to pay or cause each such manufacturing source to pay Seller a
royalty as shown in Exhibit F. Said royalty payments shall be
based on the selling price of such Product between the manufac-
turing source and Buyer shall be cumulative for each manufactur-
ing source by Product part and not for the manufacturing sources
or Product parts as a group. All such Confidential Information
provided by Seller hereunder shall be complete in all respects
and conform to Seller's then current manufacturing practices. As
further consideration for the above payments, Seller shall also
provide to each manufacturing source for each Product part a max-
imum of ten (10) working man-days of engineering service to as-
sist Buyer or each such manufacturing source in the manufacture
of each such Product. Such initial engineering services will be
provided without additional charge to any manufacturing source;
provided, however, Buyer will be liable for all transportation
and living expenses of the Seller's engineers without the contin-
ental United States. Further, any additional engineering ser-
vices in excess of the ten (10) working man-days required by any
such manufacturing source shall be billed at a rate of $75 per
hour plus transportation and living expenses. Seller's engineers
shall be under the direction and control of the Buyer's engineer-
ing department while rendering such engineering services.
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(i) In association with or in addition to the provi-
sions of Paragraph 12(c) and at its sole expense and 1li-
ability, Buyer may at any time during the term of this
Agreement or upon termination of this Agreement as pro-
vided in Paragraph 15, for the purpose of establishing a
manufacturing source for any or all of the Products (or
other parts equivalent in form, fit and function to the
Products) acgquire from Seller the Confidential Informa-
tion set forth in Exhibit F(3) and (4), which Confiden-
tial Information Seller will promptly transfer and de-
liver to Buyer upon the payment to Seller of the lump
sum amount of $20,000 per Product part per manufacturing
source and an agreement to pay or cause such manufactur-
ing source to pay to Seller a royalty as set forth in
Exhibit F. Said royalty payments shall be based on the
selling of such Product or its equivalent between the
manufacturing source and Buyer and shall be cumulative
for each manufacturing source per Product part or its
equivalent and not for manufacturing sources-or Products
as a group. All such Confidential Information provided
by Seller hereunder shall be complete in all respects
and conform to Seller's then current manufacturing prac-
tices. As further consideration for the above payments,
Seller shall provide to Buyer or each manufacturing
source for each Product a maximum of ten (10) working
man-days of engineering service to assist each such man-

ufacturing source in the manufacture of each such
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Product. Such initial engineering services will be pro-
vided without additional charge to any manufacturing
source provided, however, Buyer will be liable for all
transportation and living expenses of the Seller's en-
gineers without the continental United States. Further,
any additional engineering services in excess of the ten
(10) working man-days required by any such manufacturing
source shall be billed at a rate of $75 per hour plus
transportation and living expenses. Seller's engineers
shall be under the direction and control of the Buyer's
engineering department while rendering such engineering
services.

(ii) Buyer hereby grants to Seller the right to manufac-
ture for Buyer any or all parts developed by Buyer or
its manufacturing source pursuant to this subparagraph.
If Seller elects to manufacture any such parts, it shall
so notify Buyer and Buyer shall provide to the Seller
all of the relevant technical information as set forth
in Exhibit F(3) and (4) and provide to Seller a maximum
of ten (10) working man-days of engineering service for
each Product part. All such technical information pro-
vided by Buyer hereunder shall be complete in all re-
spects and conform to Buyer's then current manufacturing
specifications. In consideration for which, Seller
shall pay Buyer $20,000 per Product part per manufactur-
ing source and the royalties set forth in Exhibit F

based on the selling price of the part between Seller
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and Buyer.

(e) In association with or in addition to the provisions of
Paragraph 12(c) and at its sole expense and liability, Buyer may
at any time during the term of this Agreement or upon termination
of this Agreement as provided in Paragraph 15 establish a manu-
facturing source for any or all of the Products (or other parts
whether or not equivalent in form, fit or function to the Pro-
ducts) independent of the Seller's tooling but utilizing 1less
than a substantial portion of Seller's Confidential Information.
In such event, Buyer and Seller shall negotiate in good faith to
determine: (i) the amount of consideration, including both lump
sum and royalties, Buyer shall pay Seller for the use of Seller's
Confidential Information. Such royalty, if payable, will bear a
direct relation to the ratio of Confidential Information used to
the total technical information used in developing the Product
measured against the royalty schedule set forth in Exhibit F; and
(i1i) the extent to which Seller shall provide further technical
information and assistance to Buyer or the manufacturing source.
Further, Buyer hereby grants to Seller the right to manufacture
for Buyer any or all parts developed by Buvyer or its manufactur-
ing source pursuant to this subparagraph. If Seller elects to
manufacture any such parts, it shall so notify Buyer and Buyer
shall provide to the Seller all of the relevant technical infor-
mation as set forth in Exhibit F(3) and (4) and provide to Seller
a maximum of ten (10) working man-days of engineering service for
each Product part. All such technical information provided by

Buyer hereunder shall be complete in all respects and conform to
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Buver's then current manufacturing specifications. 1In considera-
tion for which, Seller shall pay Buyer $20,000 per Product part
per manufacturing source and the royalties set forth in Exhibit F
based on the selling price of the part between Seller and Buyer.

(f) Any 40K cartridge ROM part manufactured for Buyer's In-
tellivision system which does not utilize Seller's Confidential
Information, including by way of example, the ROM manufactured by
American Microsystems, Inc. under mask set number Madiera 9397,
shall be specifically excluded from the operation of Paragraphs
12(d) and (e).

(g) Seller represents that it has the right to sell and Buy-
er acknowledges that Seller may sell to third parties the Pro-
ducts (or other parts whether or not equivalent in form, fit and
function) provided that Seller does not use or disclose Buyer's
Confidential Information or violate any other of Buyer's property
rights. Seller will handle all orders and deliveries for the
Products, whether by Buyer or any third party, in accordance with
Seller's standard order and delivery policies and practices.
Specifically, Seller will not give preference or priority to or-
ders or deliveries of any third party for the Products to the
detriment of orders or deliveries of Buyer for the Products.

(h) Except for the provisions of Paragraph 21 with respect
to patent indemnification and Paragraph 12(a), Seller shall not
be responsible or liable to anyone, including Buyer, for the Pro-
ducts manufactured by any second source or manufacturing source
under this Agreement.

(1) In the event a second source or manufacturing source is
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established pursuant to subparagraphs (a) through (e) of this
Paragraph 12, the Buyer or Seller will secure from each second
source or manufacturing source a written obligation to protect
the Confidential Information (as defined in Paragraph 16 hereof)
of the parties and to observe and perform the necessary legal re-
quirements to indicate and protect the trade secret, trademark,
copyright and patent rights of the parties in and to the Pro-
ducts. If the requirements of the preceding sentence are adhered
to, Buyer and Seller shall not make any claim or initiate any ac-
tion alleging that such second source or manufacturing source has
violated a trade secret, trademark, patent or copyright of the
Buyer or Seller with respect to the Products.

18 Qualitx;

(a) In the event of recurring failures of the Products to
meet the Specifications for the same or similar reasons or for
non-correlation of test data, the guality control organizations
of Buyer and Seller shall confer with respect to identification
of the cause or causes of such failures and appropriate correc-
tive action which might be taken.

(b) In addition to any test provided herein, Buyer may re-
guest Seller to provide data showing compliance with the tests in
Exhibit D. In addition, Buyer may perform additional product
qualification testing using Exhibit Das the basis for such test-
ing. Buyer may communicate the results of such testing to Seller
and, upon the written regquest of either party, the gquality con-
trol organizations of Buyer and Seller shall meet to discuss such

results and implement such action as they may deem appropriate.
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Seller shall take corrective action within a reasonable time for
any failure to perform or meet the standards of the tests pro-
vided in Exhibit D, but Buyer shall have no right of rejection
for Products already produced.

(e Seller shall perform periodic tests on the Products as
defined in Exhibit G attached at its Chandler and Kaohsiung fa-
cilities. Seller shall maintain accurate records of such tests
and shall report their results at periodic meetings with the Buy-
er. At Buyer's request, Seller will provide data on a weekly
basis resulting from the tests performed. 1If any device in the
Game Set fails to meet the 0.5% per item failure rate on a con-
tinual basis, Seller will, at no cost to Buyer, provide addition-
al test/burn-in guardbands for such device.

(d) Seller and Buyer shall work cooperatively on a quality
and reliabilty improvement program as documented in Exhibit Hand
as modified by mutual agreement from time to time. The Seller
and Buyer shall meet periodically, but not less than once every
sixty (60) days, to review the status of the actions described in
Exhibit H.

1l4. Contingencies.

Seller shall not be liable for any delay in performance or
for non-performance, in whole or in part, caused by the occur-
rence of any contingency beyond Seller's control, including,
without limiting the generality of the foregoing, war (whether an
actual declaration thereof is made or not), sabotage, insurrec-
tion, riot or other act of civil disobedience, act of public en-

emy, failure or delay in transportation, act of any government,
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agency or subdivision thereof directly affecting the terms of
this Agreement, judicial decision or order, labor dispute, acci-
dent, fire, explosion, flood, storm or other act of God, or
shortage of labor, fuel, supplies, materials or shortage of the
Products due to catastrophic yield loss. Any such delays shall
excuse Seller from timely performance, and Seller's time for per-
formance shall be extended for a period after the cessation of
the excused cause equal to the period of the delay, provided that
Seller has made all reasonable efforts to cure such excused cause
and to minimize such delay. If any such delay shall continue for
a period of forty-five (45) consecutive calendar days, Buyer may,
upon notice to Seller, cancel, without cost or penalty, the quan-
tity or any portion thereof, of the Products which have not been
shipped within forty-five (45) days of the acknowledged scheduled
shipping date, provided such Products have not been shipped at
the date of such cancellation notice. In the event of such can-
cellation, the minimum and cumulative amounts set forth in Ex-
hibit C shall be reduced by the gquantity so cancelled. The Sel-
ler will prepare and forward to Buyer a revised Exhibit C within
ten (10) days after receipt of the Buyer's cancellation, which
revised Exhibit C will supersede the prior Exhibit C and will be
binding on the parties in accordance with Paragraph 27. Buyer's
right of cancellation hereunder shall not be applicable to any
quantities of the Products in arrears prior to the occurrence of
any contingency, in which case Buyer's rights, if any, under
Paragraph 10 shall apply. Further, Buyer's right of cancellation

hereunder shall terminate thirty (30) days after the complete
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cessation of each contingency that may occur. In the event of
shortages of material, labor or capacity, Seller may allocate
production and deliveries equitably among Seller's customers.

15. Termination.

(a) Seller may terminate its obligations hereunder to sell
Products in accordance with Paragraph 5 and Buyer may terminate
its obligation to purchase Products pursuant to Paragraph 5, in
each instance, by the party desiring to terminate giving the oth-
er party at least thirty (30) days' prior written notice of such
intent to terminate.

{(b) In the event of a termination in accordance with Para-
graph 15(a), Seller shall be obligated to manufacture and ship
and Buyer shall be obligated to purchase and accept the acknow-
ledged shipment schedule gquantity of the Products at the effec-

tive date of termination including any gquantities of Products in

arrears on such date.

(c) In lieu of the obligation of Buyer as specified in the
preceding paradgraph, Buyer may elect in the termination notice to
Seller, to pay termination charges egqual to all costs (including
direct labor, direct material and directly related manufacturing
overhead costs, but excluding Seller's development costs) in-
curred and committed for all raw materials and goods in process
at the date of the notice of termination. Buyer may, at its op-
tion and expense, request that all such termination charges be
verified by Arthur Young & Company, provided, however, that any

information disclosed by Seller to Arthur Young & Company shall
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be deemed confidential and shall not be disclosed to Buyer.

(d) Termination pursuant to this Paragraph 15 shall not af-
fect the rights or obligations of the parties under Paragraphs 9,
12, i6, 17, 19, 20, 21, 23, 24, 25 and 27 of this Agreement.

16. Confidential Information and Non-Disclosure.

The parties hereto acknowledge that certain of the informa-
tion provided or to be provided in connection with the perfor-
mance of this Agreement shall be deemed to be confidential, se-
cret and/or proprietary (collectively "Confidential Information")
by the disclosing party. Confidential Information shall mean any
and all technical information and other information regarding the
marketing plans and strategy, financial affairs, business, pro-
cesses, apparatus, design and manufacture of products, re-
searches, research programs and the like, now or hereafter in the
possession of either party including, without limitation, docu-
ments, data or information relating to de;ices, processes, meth-
ods, materials, apparatus, design, research, yields and specifi-
cations. All Confidential Information shall be clearly marked
"Confidential" and so communicated to the receiving party. Re-
cipient acknowledges that the Confidential Information is a uni-
gue and valuable asset to the disclosing party. 1In consideration
of the disclosure of any Confidential Information the parties
agree as follows:

(a) Except as otherwise provided in Paragraph 12 hereof, the
recipient shall not disclose at any time and shall use its best

efforts to prevent its officers, employees or agents from dis-

closing at any time, appropriating or using on its own behalf or
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on the behalf of others, any Confidential Information, without in
each instance first obtaining the disclosing party's written con-
sent thereto. The recipient shall restrict the circulation of
Confidential Information to the same extent the recipient re-
stricts its own proprietary information. Any Confidential Infor-
mation which shall be circulated to employees of the recipient
shall bear a legend to the effect that the information contained
therein 1is proprietary to the disclosing party and that such in-
formation shall not be disclosed to other persons. The recipient
further agrees to return to the disclosing party, upon written
request, all such documents or other embodiments of any Confiden-
tial Information.

(b) The recipient shall not be obligated to maintain the
confidentiality of any Confidential Information that the recip-
ient can show:

(-1t} Is required to be disclosed by judicial decision or or-
der after all reasonable legal remedies to maintain the
confidentiality of such information have been exhausted; or
(ii) 1Is or becomes part of the public domain through no
fault of recipient and only after it becomes part of the pub-
lic domain. It being understood that any Confidential Infor-
mation shall not be deemed to be in the public domain merely
because it is embraced by more general information which may
be in the public domain; or

(1iii) Is known to the recipient or any of its subsidiaries

prior to disclosure; or
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(iv) Is approved in writing for public release by the dis-

closing party; or

(v) Is subsequently rightfully obtained by the recipient or

any of its subsidiaries from a third party; or

(vi) Is independently developed by the recipient or any of

its subsidiaries without any breach of this Agreement.

(c) The disclosing party, without limitation to any other
remedies at law available to it, shall be entitled to appropriate
eqguitable or injunctive relief in respect to any breach or anti-
cipatory breach of this Paragraph 16 or Paragraph 12(g), without
the necessity of proving damages.

(d) The provisions of this Paragraph 16 shall survive any
termination or completion of this Agreement and shall remain in
full force and effect for two (2) years after the date of such
termination or completion except that all software codes de-
veloped by or for the Buyer in or for the Products shall be cov-
ered by said provisions indefinitely.

(e) All software ROM codes provided by Buyer are considered
proprietary to Buyer and shall not be disclosed or sold to other
parties without Buyers's prior written permission. These ROM
codes include, but are not limited to, part numbers R0-3-9502-
011, R0-3-9503-003, R0-3-9504-021 or their revised or replacement
part numbers.

() Seller shall manufacture R0-3-9505-3XX 40K ROM, Mask
Number 32046, exclusively for Buyer. Prior to the time Seller
manufactures and ships goods utilizing said ROM Mask Number to

third parties other than Buyer, Seller will refund to Buyer
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$38,000.00 which Buyer paid to Seller as a partial development

charge for said ROM Mask Number.

17. Publicity.

Seller shall submit to Buyer all advertising, sales promotion
materials, press releases and other publicity matters relating to
the Products furnished or the services performed by Seller under
this Agreement, wherein the name of Buyer is mentioned or lan-
guage from which the connection of said name therewith may be in-
ferred or implied; and Seller shall not publish or use such ad-
vertising, sales promotion materials, press releases, or other
publicity matters without Buyer's prior written approval. Buyer
shall not make or issue any public statement, whether oral or
written, with respect to Seller's prices, performance or gquality
hereunder without Seller's prior written approval.

18. Program Management.

Seller shall appoint and maintain throughout the Agreement
term a program manager with complete responsibility for the pro-
duction implementation of Buyer's program. This manager shall be
a full-time resident at the Chandler facility with primary re-
sponsibility for those matters relating to the production sche-
dule for the Products.

19. Limitation of Liability.

In no event shall either party be liable to one another or
any third party for direct, indirect, incidental, special or con-
seguential damages or expenses for: (a) breach of any of the pro-
visions of this Agreement; and (b) the purchase and use of the

Products. Without limiting the generality of the foregoing, such

=32~



excluded damages or expenses shall include costs of removal and
installation of the Products, loss of goodwill, loss of profits
or loss of use. All remedies provided in this Agreement shall be
deemed to be the sole and exclusive remedies of the party having
a right to invoke the same for the acts, defaults, breaches, ev-
ents or causes for which such remedies are provided, except as
otherwise expressly provided herein.

20. Patent Indemnity.

(a) Seller shall indemnify and hold Buyer and any second
source or manufacturing source established pursuant to Paragraph
12 hereof harmless from any suit or proceeding brought against
Buyer to the extent that such suit or proceeding is based on a
claim that the process utilized by Seller to manufacture the Pro-
ducts or that the circuit layout of the Products constitutes a
direct or contributory infringement of any valid United States
trademark, copyright or patent.

(b) Buyer shall indemnify and hold Seller harmless from any
sult or proceeding brought against Seller to the extent that such
suit is based on a claim that the use of the Products or Buyer's
end product constitutes a direct or contributory infringement of
any valid United States trademark, copyright or patent.

(c) In the event of either (a) or (b) above, the indemnify-
ing party shall pay all damages and costs awarded by final judg-
ment (from which no further appeal may be taken) against the in-
demnified party, provided that the indemnifying party (i) is
promptly informed and furnished a copy of each communication, no-

tice or other action relating to the alleged infringement, (ii)
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is given authority, information and assistance necessary to de-
fend or settle such suit or proceeding in such manner as the in-
demnifying party shall determine, and (iii) 1s given sole control
of the defense (including the right to select counsel), and the
sole right to compromise and settle such suit or proceeding.

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 IS 1IN
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.

21. Notices.

All notices or communications required, permitted or contem-
plated by this Agreement or desired to be given hereunder, shall
be in writing addressed as follows and given by certified or reg-
istered mail, return receipt requested, or by telex and shall be
deemed to be given when received:

If to Seller to: General Instrument Corporation
Microelectronics Division
600 West John Street
Hicksville, New York 11802
Attention: Jo Ann Medigovich
and with respect to any notice of default or termination, with a
copy to: General Instrument Corporation
320 West 57th Street
New York, New York 10019
Attention: General Counsel
and, if to Buyer to: Mattel, Inc.
Mattel Electronics Division
5150 Rosecrans Avenue
Hawthorne, California 90205

Attention: Anita Hollensed
Subcontracts Administrator
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and, with respect to any notice of default or termination, with a

copy to: Mattel, Ine.
5150 Rosecrans Avenue
Hawthorne, California 90250
Attention: Law Department

22. Administration.

The administration of this Agreement shall be accomplished
through Mattel Electronics, a division of Mattel Inc., having a
place of business at 5150 Rosecrans Avenue, Hawthorne, California
90250, USA. All day to day administrative and other matters of a
contractual nature will be coordinated and directed by a single
representative of Buyer and Seller. Buyer hereby designates
Karen Meyers as 1its representative. Seller hereby designates Jo
Ann Medigovich as its representative. Such representatives may
be changed at any time by notice pursuant to Paragraph 21. Aany
changes, communications or directives of an administrative nature
given by either party which are not confirmed in writing by the
above designated representatives shall not be binding upon either
pPAarty .

23. Validity.

The invalidity in whole or in part of any term or condition
of this Agreement shall not affect the validity of the rest of
this Agreement or any other term or condition herein.

24, Waiver.

The failure by either party to enforce at any time or for any
period of time any of-the provisions of this Agreement shall not
constitute a waiver of such provisions or of the right of such

party to enforce each and every provision.
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25. Governing Law.

The validity, construction and performance of this Agreement
and the transactions to which it relates shall be governed by and
construed under the laws of the State of New York.

26. Assignment.

This Agreement is binding upon and inures to the benefit of
the parties hereto and the successors and assigns of the entire
business and goodwill of either Seller and Buyer or that part of
the business of either used in the performance of the Agreement,
but shall not be otherwise assignable without the prior written
consent of the other party. Notwithstanding the foregoing, Buyer
may require Seller to ship the Products to Buyer's licensees or
subsidiaries provided, however, that Buyer shall remain liable
for the price of Products shipped to such licensees or subsidi-
aries. Nothing in this Paragraph or this Agreement shall inure
to the benefit of or be deemed to give rise to any rights in any
third party, whether by operation of law or otherwise, except as
stated herein.

27. Merger.

This Agreement, including all Exhibits hereto, shall consti-
tute the final, complete and exclusive written expression of all
terms of the sale and purchase of the Products. Except as pro-
vided elsewhere herein, this writing shall supersede all previous
communications, representations, agreements, promises or state-
ments, either oral or written, with respect to the transactions
contemplated herein and no such communications, representations,

agreements, promises or statements of any kind made by either
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party shall be binding on such party and each party hereby con-
firms that it is not relying upon any Such communications, rep-
resentations, agreements, promises or statements. No addition to
or modifications of any provision of this Agreement or any Ex-
nibit hereto shall be valid or binding unless made in writing and
signed by the party to be charged.

IN WITNESS WHEREOF, the parties hereto have caused this
Agreement to be signed by their respective duly authorized of-
ficers as of the day and year first above written.

MATTEL, INC. GENERAL INSTRUMENT CORP.
Mattel Electronics Division Microelectronics Division

By

Joshua W. Denham
President - Mattel Senior Vice President
Electronics Division
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Description
@)210)
RAM
SIHTE
Exec. ROM-1
Exec. ROM-2

Graphics ROM
Color
Sound

Note 1:

Standard Version

Sears Version

LIST OF PRODUCTS

EXHIBIT A

GAME SET

Parts for U.S. Version Parts for PAL Version

Game Set Game Set

Part # CPS # Rev. Part # CPS 4% Rew.

CP1l610 10036 F CP-1610 looss '’
RA39600 10032 G RA39600 o322 &
AY38900-1 10037 F AY38900 10042 H
R039502-YYY 10031 F R039502-YYY 10031 F
R039504-22Z 10040 F R039504-22Z 10040 F
R039503-003 10030 F R039503-003 10030 F
AY38915-001 10035 F Not Applicable
AY38914 10034 G AY38914 10034 G

YY¥

011
025

72722

021
026

Executive ROMs shall have the following mask patterns:

Other Executive ROM patterns may be defined from time to time in
accord with the provisions of Paragraph 3 hereof.

Price of each Game Set shall be:

1st 525K

Next 525K
Next 525K
Thereafter

For purposes of spare part orders,
value of individual Game Set Parts

the following formula:

Game Part % of Game Set X Game Set

Description
CPU

RAM

STIC-US
STIC-EUR
Exec. ROM-1
Exec. ROM-2

Graphics ROM
Coler
Sound

G‘I.

28.52
27.00
25.00
23.50

Part #

CP1610
RA39600
AY38900-1
AY38900
R039502-YYY
R039504-2272
R039503-003
AY38915-001
AY38914

repairs and replacements,
shall be determined by using

the

Price= Game Part Price

% of Game Set

15.8
20.3
19.3
228
12,38

9.
9.
.
9.
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EXHIBIT A (continued)

At such time as the Exec. ROM-1 and Exec. ROM-2 are replaced by a
single Exec. ROM, the list of Products for a Game Set shall become:

Parts for U.S. Version Parts for PAL Version
Game Set Game Set

Description Part & CPS # Rew. Part # CPS # Rev.
SPEE AY38900-1 10037 F AY38900 10042 H
CPU Cp-1610 10036 F CP-1610 10036 F
RAM RA39600 10032 G RA39600 10032 G
Exec. ROM R039506-AAA 10046 * R039506-AAA 10046
Graphics ROM R039503-003 10030 F R039503-003 10030 F
CGoloE AY38915-001 10035 F Not Applicable
Sound AY38914 10034 G AY38914 10034 G

*To be determined at a later date.
Note 2: Executive ROMs shall have the following mask patterns:

AAA
Standard Version TBD
Sears Version TBD

Other Executive ROM patterns may be defined from time to time in
accord with the provisions of Paragraph 3 hereof.

At that time, for purposes of spare parts orders, repairs and re-
placements, the value of individual Game Set Parts shall be deter-
mined by using the following formula:

Game Part % of Game Set X Game Set Price= Game Part Price

Description Part # % of Game Set
CPU CP1610 16.7
RAM RA39600 21.6
STIC-US A¥Y38900-1 20.6
STIC-EUR AY38900 228:7
Exec. ROM R039506-AAA LY. 8
Graphics ROM R{P392503-003 10,2
Color AY38915-001 3.1
Sound AY38914 10.2



EXHIBIT A (continued)

CARTRIDGE SET

Parts for Cartridge Set

Description Part # ** CPS 4 Rev.
Cartridge ROM (20K) R0-3-3-9504-1XX 10040 F
Cartridge ROM (20K) R0-3-3-9504-2XX 10040 F
Cartridge ROM (40K) R0-3-9505-3XX 10047 C

*x"¥" is a number from 0Ot o 9 assigned to identify specific
Cartridge Part codes.

Prices of Cartridge Sets or Parts shall be as follows:

Quantity Prices
(in 20K Sets or 40K Parts) (Per 20K Set or 40K Part)
First 2.2 million $3.00
Next 2.1 million 2.80
Next 2.1 million 2..50
Next 2.1 million 2.40
Thereafter 2.30

For purposes of individual cartridge part pricing, the value of
each 20K Cartridge ROM shall be equal to 50% of the value of a
Cartridge Set. Pricing for mixed Cartridge Sets (i.e., one 20K
Part and one 40K Part) will be equal to 150% of the above applic-
able price.

Note 3: Game Parts to be shipped in matched sets unless other-
wise requested in Buyer's purchase order. Specification
for the U.S. Version of the Game Sets shall be CPS
#10043.

Note 4: 20K ROM Cartridge parts to be shipped in sets unless
otherwise requested by the Buyer.

Note 5: For the purposes of Exhibit C, a single ROM or a multi-
ple of ROMs shall count as a Cartridge Set in accord
with the ROM content of the cartridge.

Note 6: All Game Sets (e.g., U.S., PAL, SEARS, etc.) count
equally for the purpose of calculating cumulative guan-
tities toward the price steps.

Note 7: All Cartridge Set orders scheduled for shipment after
August 1, 1982 will be completed with the shipment of
one 40K ROM, except as otherwise requested by Buyer.

All Cartridge Sets returned to Seller after August 1,
1982 for replacement pursuant to Paragraphs 8 and 9 will

A-3



Note 8:

be reshipped as one 40K ROM part provided Buyer returned
a complete Cartridge Set (i.e., both 20K ROM parts) un-
less as otherwise requested by Buyer. If not, single
20K ROM replacement parts will be provided.

All complete Game Sets returned to Seller for replace-
ment pursuant to Paragraphs 8 and 9 of this Agreement
will be credited to Buyer's account at the original in-
voice price. All repaired or replacement Game Sets
therefor will be involeced at a priee of §22.50 (execept
for Game Sets returned pursuant to Paragraph 9(a) (i.e.,
date code beyond permissible four (4) week period) which
Game Sets will be remarked and reinvoiced at original
invoice price.).
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1.0

2.0

3.9

4.0
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SCOPE

—

This Customer Procurement Specification (CPS) covers the R0-3-9503 N-Channel
MOS Graphics ROM (GROM).

CIRCUIT FEATURES

Mask programmable storage providing 2048 X 10 bit words.
16 Bit On-Chip Address Latch.
Memory Map Circuitry to place the 2K ROM page within a 65K memory area.

8 Bit Tri-State Bus with Higher 8 Bits Driver to Zero During Read
Operations.

11 Bit, Static Address Outputs for external Memory.

Control Signals for External Memory.

ENABLE

R/W

AMENDMENTS

This CPS may only be amended by a written agreement between the parties.

ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit must function within the range of electrical parameters given 1in
this CPS.

4.1  FUNCTIONAL TESTING

The R0-3-9503 must be functional in the use test defined in CPS-10043.

4.2 TARGET FAILURE RATE (at 25°C)

The post burn-in (40°C, 6 hours operational as per Mattel
specification) target failure rate for this device is 0.5 percent per
thousand hours (average target failure rate). This number is based on
an exponential failure distribution and a thermal activation energy of
1.0e¥.

- REV
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5.0 OPERATION DESCRIPTION

The device operates in three memory configurations. These configurations
are selected via the input control signals.

5 When SRl has been pulsed negative, the memory is located at 12288 to
14335, The external memory is addressed at 14336 to 16383.

Rs When BUSAK has been pulsed negative, the memory is located at Oto
2047. The external memory is addressed at 2048 to 4095.

B When BAR' and DWS' are pulsed positive, the memory will not respond to
address bit 9 and address bit 10, which restricts the memory to 512
locations. The memory is now located from @ to 511 relative to the
current memory origin. The external memory is also addressable from
@to 511 relative to its current origin., Configuration three may be
released by applying a negative pulse on the SRl input.

. €55 REV
NSTROR | SHEET

S0 1E102 (4/RD)



6.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings*

Temperature Under Bias 0°C to +100°C
Storage Temperature -85°C o +150°C
A1l Input or Output Voltages

with respect to Vss -0.2v to +#9.0v
Vcc with respect to Vss -0.2Zv to +9.0v
*Note:

Stresses above those Tisted under "Absolute Maximum Ratings" may cause
permanent damage to the device. This 1s a stress rating only and functional
operation of the device at these or any other conditions above those 1indi-
cated 1n the operational sections of this specification 1s not 1mplied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

Operational Specification

Ambient Temperature 0°¢ to +55%C

DC CHARACTERISTICS

Vss = 0.0V, Vcc= +4.85V to +5.15V
CHARACTERISTIC SYM  MIN  MAX  UNITS  CONDITIONS

Bus/Control Inputs

Input Logic Low VIL 0 0.7 Volts
Input Logic High VIH 2.4 Vee Volts
Input Leakage [iu 5 uA VIN = OV to Vcc

Bus Outputs SB and YB

Qutput Logic Low VoL 0 0.5 Volts [0l
Output Logic High VOH 2.4 Vee Volts IOH

100uA™] +100pf
100uA

Address Outputs

Output Logic Low VoL 0 0.5 Volts I0L
Output Logic High VOH 2.4 Vce Volts IOH

500uA7] +100pf
100uA

Control OQutputs

Qutput Logic Low VoL 0 0.5 Volts I0L
Output Logic High VOH 2.4 Vee Volts IOH

100uA™] +100pf
100ua

Supply Current

lec 100 mA at +55°C

Vce
51%6\' % ICROELECTRONICS GROUP SPEC. NO. 2P5-10030
N P SHEET

FORM 1E102 (4/82)
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A.C. CHARACTERISTICS

CHARACTERISTIC SYM  MIN  MAX  UNITS  CONDITIONS

Bus Inputs SB and YB

Address Set Up tas 100 nSec
Address Overlap tao 50 nSec
Bus Outputs SB

and YB
Turn On Delay tda 550 nSec
Turn Off Delay tdo 0 250 nSec

Address Outputs

Turn On Delay tad 300 nSec from data bus valid

Control OQutputs

Enable and Write
Turn On Delay ted,twd 300 nSec from DTB' and DWS'
Turn Off Delay teo 200 nSec

Note: Input capacitance of all logic pins, 10pf max
VIN = OV @ 1MHz
Not measured during production test

SHEET ° F

s N

. REV
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6.0 PIN CONNECTIONS

1 Vee 40  R/W

2 SR1 39 ENABLE

3 BUSAK 38 DWS

4  SB15 37 DTB'

5 Not Connected 36 BAR'

6 SBl4 15 Not Connected
7 SB13 34 Y80

8  SBI2 33 ADDR 0

9 $B11 32 YB1

10 No Connect 31 ADDR 1

11  SBIO 30 YB2

18 No Connect 29 ADDR 2

13 SB9 28 YB3

14  ADDR 8 27 ADDR 3

15 SB8 26 Not Connected
16  MSYNT 25 SB4

17 ADDR 7 24  ADDR 4

18 SB7 23 <BS

19 ADDR 6 22 ADDR 5

20 SB5 21 Vss

MICROELECTRONICS GROUP SPEC.nO.  CP5-10030 REV

INSTROMERT
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7.0  MECHANICAL CHARACTERISTICS
7.1 PACKAGE DIMENSIONS
s ;
|
| Q U]
WDEX 0 'Ot
| 2.10 | &
| 2.00 1 T
d [ =l .
ENTRRQRRNE .ﬁ_su T -J—Lﬂﬁm«%u‘-ﬁ—blaﬂ- 7‘;‘0— N )y
r [ T A .080Q )
T ARSARREL LR ol \
bRl | o | il BB i O i ] -
.05”\.!-1—'(_ ”—:’% = i | ik |
l (X - -]
7.2 SOLDERABILITY

The pins on this integrated circuit package meet solderability as
given in MIL-STD-883B Method 2003.2 with the exception of Paragraph

3.2 Aging.,

MICROELECTRONCS GROUP
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1.0 SCORE

—_—

This Customer Procurement Specification (CPS) covers the R0-3-9502 N-Channel
MOS ROM IC. The pattern programmed into this ROM defines the lower EXEC
area and 1s designated Oll.

2.0  CIRCUIT FEATURES

Mask programmable storage providing 2048 X 10 bit words.
16 bit on-chip address latch.
Control decoder.

Programmable memory map circuitry to place 2K ROM page within 65K word
memory space located on 2K page boundaries.

Master Reset logic with programmable 16 bit vectored start address.
Interrupt logic with programmable 16 bit vectored interrupt address.
16 bit static address outputs for external memory.
Control signals for external memory
ENABLE= (DTB + DWS). Address External
WRITE = DWS. Address External
Programmable memory map selection for external memory area.
3.0  AMENDMENTS
This CPS may only be amended by a written agreement between the parties.

4.0 ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit must function within the range of electrical parameters given 1in
the CPS.

4.1 FUNCTIONAL TESTING

The R0-3-9502 must be functional in the use test defined 1n CPS-10043.
4.2 TARGET FAILURE RATE (at 25°C)

The post burn-in (40°C, 6 hours operational) target failure rate for
this device is 0.5 percent per thousand hours (average target failure
rate). This number 1is based on an exponential failure distribution
and a thermal activation energy of 1.0ev.

= 3 [ REV
Sl% dl\' 5 MICROELECTRONICS GROUP SPRG. NO. gPs 10031 -
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6.0
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CIRCUIT REQUIREMENTS

The R0-3-9502 operates as the program memory for systems using a CP1610
series microprocessor.

It 1s configured as 2048 x 10 bit words and contains several features which
reduce the device count n a practical microprocessor apphication.

OPERATING DESCRIPTION

The R0-3-9502 is initialized by the MSYNC input and from the positive edge
of this signal, 1t remamns 1n a tri-state output condition, awaiting the [AB
response. During the IAB, the 9502 transmitts a 16 bit code ontg the
external bus thus providing the system start address vector. The compietion
of the MCLR sequence 1S recorded on chips such that any further [AB Codes
output the second interrupt vector. For initialization, the 9502 waits for
the first dddress code. For this address code and all subsegquent address
sequences, the 9502 reads the 16 bit external bus and latches the value 1into
1ts address register. The contents of this address register are made avail-
able for connection to external memory and are supplied on 16 latched
outputs.

The 9502 contains a programmable memory mdp location for i1ts own 2K page and
1f a valid address 1s detected, the particular address location will trans-
fer 1ts contents to the chip output buffers. I[f the control code following
the address cycle was a Read, the 9502 will output the 10 bits of addressed
data and also drive a logic zero on the top six bits of the bus.

6.1  INPUT CONTROL SIGNALS

.

BDIR BCI BC2  EQUIVALENT SIGNAL  RESPONSE

0 0 0 NACT NACT

0 0 1 IAB 1A8

0 1 0 ADAR ADAR

0 1 1 DTB DT8

1 0 0 BAR BAR

1 0 1 DWS :

1 1 0 oW -

1 1 1 INTAK BAR

|

| REV
ﬂ% E% MICROELECTRONICSGROUP SPEC.NO. (CPS-10031 -
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OPERATION WITH EXTERNAL MEMORY

The 16 bits from the address register are provided as static outputs for
connection to external ROM or RAM devices. Two other signals are provided
to control the external memory area. An enable signal is provided for any
read or write operation, and a write signal, for any move out operation.
The two external memory control signals are gated by a min-max memory map
comparator. The minimum and maximum values are programmable on boundaries
within the 65K word memory area. The memory map comparator for external
memory is a simple single compare and the operation is such that when a 2K
area is chosen, a five bit compare is used and for a 4K area a four bit
compare, etc. The effect of this is that 2K pages may start on 2K
boundaries, i.e., 0, 2, 4, 6, 8, etc., but 4K pages must be on 4K
boundaries, i.e., 0, 4, 8, 12, etc. The same is true for 8K and 16K pages.

s e

ST%EEJVE% MIC RO E LECR®VICS G R OUP HPRE. N0, 295'10031
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings*

Temperature Under Bias 0°C to +100°C
Storage Temperature -55°C to +150°C
A11 Input or Output Voltages

with respect to VSS -0.2v to +9.0v
Vcc with respect to Vss -0.2v to +9.0v
*Note:

Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This 1s a stress rating only and functional
operation of the device at these or any other conditions above those 1nd1-
cated in the operational sections of this specification 1s not imphied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

Operational Specification

Ambient Temperature 0°C to +55°C

DC CHARACTERISTICS

Vo= +4.85V to +5.18V, Vss = 0.0V

CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS
Inputs

Input Logic Low VIL 0 0.7 volts

Input Logic High VIH 2.4 Vec volts

Input Leakage IIL - 2 uA VIN = OV to Vcc

CPU Bus Outputs

Output Logic Low VoL 0 8.5 volts I0L
Qutput Logic High VOH 2.4 Vce volts IOH

1.5ma | +150pf
80uA

Address and Enable Qutputs

Qutput Logic Low VoL 0 0.5 volts I0L
Qutput Logic High VOH 2.4 Vee volts IOH

1.0ma | +100pf
100uA

Supply Current

Vcc Supbply Ieg - 90 ma at +55°C

REV
M&%\‘m MICROELECTRONICS GROUP SPEC.NO. (PS-10031 [ -
B SHEET 5 I
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7.9 con't.

AC CHARACTERISTICS

CHARACTERISTIC

Inputs

Address Set Up
Address Overlap
Write Set Up
Write Qverlap

CPU Bus Qutputs

Company Confidential

Turn ON Delay
Turn OFF Delay
Access Time

Address and Enable Qutputs

Turn ON Delay
Turn OFF Delay
Turn ON Delay
Turn OFF Delay

SYM MIN MAX UNITS CONDITIONS
tas 300 nSec
tao 65 nSec
tws 300 nSec
two 200 nSec
tda - 350 nSec
tdo 80 250 nSec
tac 125 uSec
tad, tec - 200 nSec
teo - 150 nSec
twd - 300 nSec
two 2 - 150 nSec

Note: Input capacitance of all logic pins, 10pf max
VIN = QV @ 1MHz.

Not measured during production test.

H\EI%% 5% MICROELECTRONICS GROUP
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i
1

8.0  PIN CONNECTIONS

) [ 40 8C 1

2 RE 39 BC 2

3 RM 33  BDIR

4 No Connect 37 DB O

g b8 15 36 ADOR D

6 No Connect 35 08 1

7 08 14 34 ADDR 1

8 No Connect 33 DB 2

9 0B 13 32 ADDR 2

10 No Connect 3l DB 3

12 DB 12 30 ADDR 3

12 No Connect 29 0B 4

L3 D8 1l 28 ADOR 4

14 No Connect &7 DB 5

15 08 10 26 AQDR 5

16 ADOR - 9 Yao DB 6 .

17 DB 9 24 ADDR 6 |

18 ACDR B 22 08 7

19 08 8 22 ADOR 7

20 WSYNC &l Vss
.
|
.

_
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9.0  MECHANICAL CHARACTERISTICS

9.1  PACKAGE DIMENSIONS

e c— = —

P SR AN SRR G S R SR AR WD SRR G p—

2. o 2
I ——
PR 2.10 . : ot
e b g |
T e 1 >}x |
SRR | == g
050~ l ﬁ—ﬂ‘_g_ - = ll W— ‘

]
i
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i
i

9.2  SOLDERABILITY

The Pins on this integrated circuit package meet solderability as
gléeg in MIL-STD-383B Method 2003.2 with the exception of Paragraph
: ging.
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150 SCOPE

This Customer Procurement Specification (CPS) covers the RA-3-9600 N-Channel
MOS data control RAM IC. This specification also contains the recommended
system circuit for test acceptance.

2.0  CIRCUIT FEATURES

0o Memory area 352 words of 16 bits.
0o Address counter and control logic for D.M.A. operation.
o Control decoder for CPU data control signals.

0 Memory map comparator and control logic for additional memory on 14 bit
bus.

o Current Tline buffer - 20 words of 14 bits.

3.0  AMENDMENTS

This CPS may only be amended by a written agreement between the parties.

4.0 ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit must function within the range of electrical parameters given 1n
this CPS.

4.1 FUNCTIONAL TESTING

The RA-3-9600 must be functional 1in the use test defined in CPS-10043.

4.2  TARGET FAILURE RATE (at 25°C)

The post burn-in (40°C, 6 hours operational) target failure rate for
this device 1s 0.85 percent per thousand hours (average target failure
rate). This number 1is based on an exponential failure distribution
and a thermal activation energy of 1.0eV.

: 8 REV
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FUNCTIONAL DESCRIPTION

The RA-3-9600 is a 'dual port' interface and 16 bit wide RAM storage area.
The RA-3-9600 contains twenty 14 bit serial data buffer registers with
separate bus control signals.

The RA-3-9600 memory is 352 x 16 bit contiguous words from address 512-863
with the graphics descriptors using the first 240 words. The graphics use
only the lower 14 bits of each word leaving the two most significant bits
available for user storage.

OPERATION DESCRIPTION

The RA-3-9600 RAM accepts data from the CPU via a 16 bit bi-directional bus
which 1s time multiplexed with address and data. A 3 bit control bus from
the CPU 1s used to provide strobe signals for the on-chip address latch and
main memory area.

The RAM has two operating modes:
Mode 1 - On decoding an interrupt the RAM 1is enabled into a bus copy mode.

In this mode the RAM copies the lower fourteen bits of the CPU bus onto the
graphics bus. The direction of copy 1s always from the CPU and towards the
graphics bus except during a bus reversal condition. The reversal condition
1s indicated when the CPU requests a read from an external graphics address
on the 14 bit bus. Under this condition the 9600 will gate the 14 bit bus
through to the 16 bit CPU bus.

Mode 2 - Is selected when the CPU issues the BUSAK signed (DMA acknowledge).
The effect of BUSAK inside the 9600 is to reset the interrupt synchronizing
logic and to switch the address decoder from the CPU address register to the
graphics address counter. This counter, which sequences through the 240
words of graphics data, will have been previously set to zero when the
interrupt signal was decoded. When the CPU i1s 1in the DMA state, the
graphics system will prepare to display a new row of twenty characters and
to load the 20 word buffer registers within the 9600. For the first cycle
of DMA afer interrupt the graphics address counter will be at zero and the
data at that address is passed to the 14 bit output. The action of SR3 will
enable the output buffers and drive the 14 bit bus. The twenty shift
registers are also loaded at this time. The negative edge of SR3 tri-states
the 14 bit output and increments the graphics address counter. The shift
registers are also clocked at this time. The SR3 input provides twenty
positive pulses to the 9600 and loads the shift register buffers while
giving the graphics bus the first row of characters. At the end of the
first DMA cycle, after the CPU interrupt, the graphics address counter will
be at value 19. The 9600 operation for the next fifteen lines will be to
clock the 20 word shift registers and gate the contents onto the 14 bit bus
under control of the SR3 input. When the CPU is running and BUSAK is a
logic 1, the graphics address counter is not incremented. At the end of the
first row of characters, the complete DMA operation 1is repeated. This
sequence occurs for the 12 rows of characters until all 240 have been
successfully accessed.

: REV |
Sl%[.ll\l ﬁgﬁ.‘r MICROELECTRONICSGROUP SPEC.NO.  (PS-10032
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The operation of SR3, INCREMENT/TRI-STATE signal, 1s to step the shift

register sequentially through each of the twenty characters. If the BUSAK

signal 1is low, 1.e., 1n DMa, 1t also increments the graphics address
counter. SR3 disables the 14 bit graphics bus during the low period.

At the end of active picture the STIC 1ssues an nterrupt request to the

CPU. The RA-3-9600 tests for the INTAK* response from the CPu and uses this
signal as an entry control for a copy mode between the two buses. The end

of the copy mode 1s controlled by the first BUSAK negative edge.

*INTAK, egquivalent BCl, BC2, BOUIR = 'l1'

s&ﬁd“% MICROELECTRONICS GROUP SPEC. NO. gps'1°°32
N \ SHEET
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A.C. CHARACTERISTICS

| CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS

Clock Input @2
l Period tcy 0.5 0.560  uSec Note 2.

Pulse Width t@2 160 nSec either logic level
| Rise and Fall Time tn,tf 50 nSec

CPU Bus Timing DBO-DB15
l Address Set Up Time tas 300 nSec

Address Hold Time tao 50 nSec

Data Access Time tda I.s uSec Figure 1
| Data Turn-On Time tdon 450 nSec

Data Hold Time tdh 0 250 nSec

Write Set Up @2 tws 100 nSec |
l Write Hold @2 two 200 nSec ;

|

Bus Copy CPU -->STIC '
l SR3 Valid and Date Changed tcs 160 nSec Figure 3

Bus Copy STIC -->CPU

DTB and Data Changed tsc 350 nSec Figure 4

Shift Register Read
I SR3 Turn-On tsl 250 nSec Figure 1

SR3 Turn-0ff ts2 40 nSec

*NTSC modifications:

Data access time tda 1.7 uSec

Data Turn-On time tdon 540 nSec

Bus copy CPU -->STIC 220 nSec

Note 2. RA-3-9600-1 (NTSC) 0.560QuSec MIN
Note 3. Input capacitance of all logic pins, 10pf max
VIN= 0V @ 1MHz.
Not measured during production test.
: TRE
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| 16 BIT BUS DBO-DB15 VALID

| o

SR3

r.tcs_J

14 BIT BUS SBO-SB13 VALID

l CPU STIC BUS COPY

FIGURE 3
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14 BIT BUS SDO-SD13 VALID

CPU CONTROL D78

E—— {SC >

16 BIT BUS DBO-DB15 VAL ID

STIC - CPU BUS COPY

FIGURE 4
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' 8.0  PIN CONNECTIONS
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PIN NO. FUNCTION PIN NO. FUNCTION
| 1 086 21 DB12
2 DB7 22 SB12
\ 3 SB7 23 SB13
| 4 SB8 24 0B13
| 5 0B8 25 0Bl4
i 6 DBY 26 D815
- 7 SBS 27 0BO
8 @2 28 SBO
I 9 Vee 29 SBl
~| 10 Vdd 30 DBl
11 Vbb 31 Vss
12 BUSAK 32 SB2
13 SR3 23 DB2
14 BC 1 34 0B3
15 BC 2 35 SB3
16 BDIR 36 SB4
17 pBlo 7 oB4
18 SB10 R 0BS
19 SB11 39 SBS
20 DB11 40 SB6
DB - Data Bus
SB - Graphics Bus
|
F SPEC.NO.  (PS-10032 REV
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9.0 MECHANICAL CHARACTERISTICS

9.1 PACKAGE DIMENSIONS
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9.2  SOLDERABILITY

The pins on the 1integrated circuit package meet solderability as given
in MIL-STD-883B Method 2003.2 with the exception of Paragraph 3.2,
Aging.

9.3  MARKING

Devices which pass only American Timings are marked as RA-3-9600-1.
Devices which pass both American and European Timings are marked as
RA-3-9600.
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1.0 SCORE

This Customer Procurement Specification (CPS) covers operation of the
AY-3-8914 N-Channel MOS Programmable Sound Generator.

2.0  CIRCUIT FEATURES

Software control of sound generation
Interfaces to CP1600 series of 16 bit microprocessor
Three independently programmed analog outputs for frequency and amplitude
Two 8 bit general purpose input ports
Single +5 volt supply
3.0  AMENDMENTS
This CPS may only be amended by a written agreement between the parties.

4.0 ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit must function within the range of electrical parameters given 1n
this CPS.

4.1 FUNCTIONAL TESTING

The AY-3-8914 must be functional in a use test defined in CPS-10043.

4.2 TARGET FAILURE RATE (at 25°C)

The post burn-in (40°C, 6 hours operational) target failure rate for
this device is 0.5 percent per thousand hours (average target failure
rate). This number 1is based on an exponential failure distribution
and a thermal activation energy of 1.0eV.

4.3 IMI TEST PROCEDURE

The AY-3-8914A must be tested using IMI pattern R0-3-9505-003. The
AY-3-8914 may be tested using IMI pattern R0-3-9505-003 or pattern

R0-3-9504-992 and 993.
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5.0  ARCHITECTURE

The AY-3-8914A is a register oriented Programmable Sound Generator (PSG).
Communication between the microprocessor and the PSG is based on the concept
of memory mapped input/output. Control commands are issued to the PSG by
writing to these 16 memory mapped registers. Each of these 16 registers
within the PSG are also readable so that the microprocessor can determine,
as necessary present states as stored data values.

A1l functions of the PSG are controlled through its 16 registers which, once
programmed, generate and sustain the sounds.

5.1 REGISTER ARRAY

The principal element of the PSG is an array of 16 control registers.
These registers appear to the CPU as a block of read/write memory
occupying 16 address locations of the 1024 memory space 1in which the
PSG resides.

| The PSG can be used 1n sz;%gms with greater than 1024 word memory
space by the use of the RWE input. With this signal, the 1024 word
block of memory in which the PSG resides is decoded externally and
whenever a read or write to this memory space 1s to be carrijed out
| the RWE signal 1s taken low to enable the PSG.

The 10 address bits (8 bits on the data/address bus and 2 separate
| address bits A8 and A9) are decoded as follows:

DAO-3 These 4 low order address bits are used to select one of the
internal sixteen registers.

DA4-7, A8, A9 - These 6 high order address bits function as 'chip
selects' and are used to position the 16 registers 1in
the 1024 word memory space. In the deselected state
the data bus 1s in the high impedance condition.

The address enable code for DA4-7 is mask program-
mable to any of the 16 possible combinations.

Input A8 and A9 are enabled by a high on A8 and a low
on A9; all other input level combinations on these
two 1nputs result 1in a deselect condition,

A1l addresses are held latched internally. This internally latched
address is updated and modified on every 'latch address' signal
presented to the PSG via the BDIR, BC2 and BCl 1inputs.

The function of the sixteen registers with their address 1s shown on
the following page:

- - REV
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REGISTER #g ADDRESSg FUNCTION
RO Base Channel A Tone Period Fine Tune 8 Bits
R1 Base+l Channel B Tone Period Fine Tune 8 Bits
R2 Base+?2 Channel C Tone Period Fine Tune 8 Bits
R3 Base+3 Envelope Period Fine Tune 8 Bits
R4 Base+4 Channel A Tone Period Coarse Tune 4 Bits
R5 Base+5 Channel B Tone Period Course Tune 4 Bits
R6 Base+6 Channel C Tone Period Coarse Tune 4 Bits
R7 Base+7 Envelope Period Course Tune 8 Bits
R10 Base+10 Enable 6 Bits
B1it O Channel A tone enable
Bit 1 Channel B tone enable
Bit 2 Channel C tone enable
Bit 3 Channel A noise enable
Bit 4 Channel B noise enable |
Bit & Channel C noise enable
R11 Base+11 Noise Period g Bits |
R12 Base+12 Envelope Control 4 Bits |
Bit 0 Hold f
Bit 1 Alternate |
Bit 2 Attack |
Bit 2 Continue |
R13 Base+13 Channel A Amplitude 5 Bits
R14 Base+l4 Channel B Amplitude 5 Bits =
R15 Base+l15 Channel C Amplitude 5 Bits i
R16 Base+16 Input Port B 8 Bits |
R 17 Base+l7 Input Port A 8 Bits
MEMORY MAP FOR PSG (AY-3-8914)
|
REV
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PERIOD CONTROL

| 5.2 TONE

Channel A tone period is specified by registers RO Fine Tune and R4
Course Tune

Channel B tone period is specified by registers Rl Fine Tune and RS
Course Tune

Channel C tone period is specified by registers R2 Fine Tune and R6
Course Tune

Each

the tone period for that channel. These two registers are the course

tune

period is defined by a 12 bit binary value, T. The base increment to

analog channel has associated with it two registers which specify

data (4 bits) and the fune tune data (8 bits). Thus the tone

this 12 bit period variable is sixteen times the period of the input
clock. The tone period is given by:
16 X TXP ]
i
where:
P = the period of the input clock (pin 22)
COARSE TUNE DATA FINE TUNE DATA
| g'g "8TBTBTBTBT EREYETETEYETE S
TN O O TR (A S | LN N IR R S SR |
i 6 5:8,3;8;1;0 i,8.8,8.3.:8:;:%1.,.8

Note:

VR T; -1 B
1

! 1
1110, 9.8,7,6,5

i i | -1 L

12 BIT TONE GENERATOR

If the Course and Fine Tune register$ are both set to 000g,
the resulting period will be maximum, i.e., the generated tone
period will be as if the Course Tune register was set to 0Ol7g
and the Fime Tune register set te 377g.

INSTROMENT
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| 5.3  NOISE GENERATOR CONTROL

Noise is generated by a 17 bit polynomial shift register. The period
‘ of the clock to this shift register is specified by the 5 bit binary
value, N, held in register Rll-Noise Period. The base increment to
this 5 bit period variable is sixteen times the period input clock.
| The shift register clock period is given by:

16 XNXP

| where:
P = the period of the input clock (Pin 22)

I8 XKXP

‘ wnere P = tne period of the input clock (pin 22)

NOISE PERIOD REGISTER R11
g's'B'8's'B'B 8B
1 ] § § | | |
7 6 .58 .48 .38,2,1.4@

\_HOT__~_ 5 BIT
USED NOISE PERIOD

TO NOISE
GZNERATOR

m
om
<
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5.4  TONE/NOISE MIXER CONTROL

The generation of tone and/or noise by the three analog channels is
controlled by the Enable Register, R10.

A tone is enabled on a particular channel by writing a '0' into the
tone enable bit for that channel, a 'l' in that bit position will
disable a tone for that channel.

Similarly, noise is enabled on an individual analog channel by writing
a '0' into the noise enable bit for that channel. By writing a 'l' in
that bit, the noise source is disconnected from that channel.

This enables a single channel to have the following states"
A. tone only

B. noise only

C. tone mixed with noise

D. silent, neither tone nor noise

MIXER CONTROL RZGISTER - R7

| o7 |86 |ss [34 | a3 | 32 | & | =0

o

Nor Usin

Funcacn: Nowse =racie : | Toneznaoie .

Cramet | C | 3 | a | L ¢ | 8 | a|

Noise Enable Truth Table: Tone Enable Truth Table:

R7 Bits. Noise Enabied R7 8its

Tone Enalied

BS B4 BI . o Channet 8Z 81 80 on Channet
& & O c g8 A Q 0 @ cC 8 A
T g t C 8 — g @ 1 C 8 —
a T C - A g 1 @ G = A
& T°% G = = g T % & = =
1 ¢ a4 -2 A 1 g O == 8 X
@ % _ g - T g @ - B e
1 T & -_— - A T T © -_ - A
i S _— — - = T A —_ - -
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AMPLITUDE CONTROL

The amplitude of the signals generated on each of the three analog
channels 1s controlled by the 5 b1t Amplhitude Control Register
associated with that individual channel. These 5 bits are comprised
of a 1 bit mode select (the 'M' bit) and a 4 b1t 'fixed' amplhtude
level (LO-L3).

When the M bit 1s low at & logic '0O' the output level of the analog
channel is defined by the value of the 4 bit 'fixed' amplitude level
of the Control Register. This amplitude level can be updated by
microprocessor control thereby causing a change 1n the analog channel
output level.

The analog outputs have sixteen possible levels.
When the M bit 1is high at a logic 'l' the output of the analog channel

is defined by the 4 bits of the envelope generator (E0-E3). The
specification of the envelope generator 1S 1in section 5.6.

AMPLITUDE CONTROL REGISTER

B'B B'B B'B B B
O R R R e
7.6 54 3 2 1,0

A N

T L
| i P T
" 3.2.1,0
MODE 4 BIT FIXED
SELECT  AMPLITUDE LEVEL
BIT
0 000 @ AMPLITUDE OEFINED BY
j | ' LO-L3
I i
l 1 |
0 T 111
y X X X X AMPLITUDE DEFINED BY
£0-£3

5‘%%\1% MICROELECTRONICS GROUP SPEC.NO. CPSé10034
rq n SHEET
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5.6 ENVELOPE GENERATOR CONTROL

A. Envelope Period Control
The period of the sound envelope is controlled by two 8 bit
registers, R4 and R7, Envelope Fine and Course Tune respectively.
The 16 bit binary word, E, comprising R7 higher byte and R4 lower
byte, define the number of base periods that are required to give
the required envelope period. The base period has a period equal
to 256 times that of the input clock. Thus, the envelope period
is given by:
268 X E L P
where:
P = period of input clock
COARSE TUNE DATA FINE TUNE DATA
{a'a'a|'a'a'8's's B‘BBBB'B'B'B
! ! [T = T
{76 54 3.2 10 7'6.5 4,321 0

=5 —— =

TT""T'T'.TTTTTTTTTTTTT—
{
1514131211109876 4321Lo

16 BIT EINVELOPE PERIOD GENERATOR

Envelope Shape/Cycle Control

The envelope shape and cycle is controlled by register R12.

The envelope period as defined above is subdivided into sixteen
timeslots to give a sixteen state per cycle envelope pattern.
This pattern is given by EO-E3, the outputs of a 4 bit counter.
The 4 bits of register R12 control this counter to give the
desired envelope shape. The individual bits of R12 are:

Bit 0: HOLD When this is set high at a logic 'l' the
envelope is limited to one cycle, the value of
the envelope at the end of the cycle being
held.

Bit 1: ALTERNATE When set high to a logic 'l' the envelope
counter reverses direction at the end of each
cycle (i.e., performs as an up down counter).

Bit 2: ATTACK When set high to a logic 'l' the envelope
counter will count up (attack) and when set
low to a logic 'O' the counter will count down
(decay).

INSTROMERT

- REV
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Bit 3: CONTINUE When set high to a logic 'l' the cycle pattern
will be defined by the HOLD bit, and when low
at a logic 'O' the envelope counter will reset
to E0-E3=0000 after one cycle and hold that
value.

REV
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5.7 DIGITAL TO ANALOG COUNTER

The digital to analog conversion is performed in logarithmic steps
with a normalized voltage range of Oto 1V. The specified amplitude
of each converter is controlled by a 4 bit word from either the
Amplitude Control Register or the Envelope Generator. The base signal
of the output is the noise/tone specified for that channel.

NCRMALIZED
VOLTAGE

-

NOTE: THIS IS THE ENVELOPE
ONLY—NQCISE AND TONES
ARE DISABLED.

14 14]
07V [ -
sv 13
: DECIMAL VALUE
OF E3E2E1 E0
(SEE AMPLITUDE
CONTROL.
12 SECTION 3.9)
303V =
11
28V =
1515V =
128V =
0
&P |
Vi L o T

EP=ENVELQCPE PE ROD

£ REV
S‘% m MICROELECTRONICS GROUP SR, CPsléoo34 ”
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings*

Temperature Under Bias ¢ te +100°C
Storage Temperature -55°C to #150°C
A1l Input or Output Voltages

with respect to Vss -0.2V to +9.0V
Vcc with respect to Vss -0.2V to +9.0V
*Note:

Stresses above those listed under "Absolute Maximum Ratings" may cause

permanent damage to the device. This 1S a stress rating only and functional

operation of the device at these or any other conditions above those

indicated in the operational sections of this specification is not implied.

Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

OPERATIONAL SPECIFICATION

Ambient Temperature 0°C to +65°C

DC CHARACTERISTICS Vss = 0.0V, VCC = +4.85 to +5.15V

CHARACTERISTICS SYM  MIN  MAX  UNITS  CONDITIONS

Input Logic Levels

Input Logic Low VIL 0 0,7 Volts
Input Logic High VOH 2.4 Vee Volts

Input with Pull Ups

A8, Reset IIL 10 100 uA Vin = 0.0V

Inputs with Pull Downs

A9, RWE ITH 5 40 uA Vin = 2.4V
Input with Pull Up

A0-A7, BO-B7 [IL 15 200 uA Vin = 0.0V

Dat a/Address

Tri-State Leakage

DAO-DA7(AY-3-8914) IIL - 200 uA Vin = QV:Note 1

Note 1: The AY-3-8914A has a maximum of IIL of 5ua.

- |
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6.0 con't
CHARACTERISTICS S MIN MAX UNITS CONDITIONS
Data Bus Output
Levels DAO-DA7
Low vOL 0 0.5 Volts IOL = 1.5mA | +150pf
High VOH 2.4 Volts IOH = 80uA
Analog Channel
Outputs
A, B, € - 400 2000 uA Vout = 0.7
Amplitude control 1n
R13, 14, 15 set to F
Power Supply
Vce Supply ICC - 75 mA at +55°C
Clock Input
Frequency e 1.79 2.0 MHz
Rise Time fir - 50 nSec - Fig. 1
Fall Time tf - 50 nSec
Duty Cycle - 40 60 %
Bus Signals BDIR,
BC1, BC2
Skew tbo - 50 nSec
AY, A8, DAQ-DA7
(Add. Mode)
Address Set Up tas 300 nsee - Fig. 3
Time
Address Hold tah 65 nSec
Time
DAO-DA7 (Write
Mode)
Write Data Pulse tdw 500 nSec
Width - Fig. 4
Write Data Set Up
Time tds 550 - nSec
Write Data Hold tdh 100 - nSec
Time
DAO-DA7 (Read Mode)
Access Time from RWE tar 200 nSec - Fig. 5
Access Time from Bus
Control (BC1,8C2,BDIR) tab 400 nSec
Tri-State Delay ttd 400 nSec
REV
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CLOCK AND BUS SIGNAL TIMING:
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CPU CONTROL
BC1, BC2, BDIR
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FIGURE 3 LATCH ADDRESS TIMING

NSTR UMENT

MICROELECTRONIGGROUP

CPS-10034
15

SPEC. NO.
SHEET

REV

FORM 1E102 (4/82)




BUS CONTROL
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SIGNALS DON‘T CARE WRITE DON'T CARE
)
"
DAQO-DA7 PRE *‘ 105 e ﬁl VIH
STATE DATA
X -
FIGURE 4 WRITE DATA TIMING
SPEC.NO. CPS-10034 RE
Iw&{%m MICROELECTRONICS GROUP = 16 -

FORM 1E102 (4/82)




Company Confidential

I

E
]

Ll

tar  —.—
\ \ "uTTS
DA7-0AQ A )\HIGH IMPEDANCE
/\ d
sci, 82 \< — X i
301 / / )
' |
—- tab %—» > i L-
/] s
- / QUTRPUTS
BR-0n0 j\ HIGH IMPEDANCE
FIGURE 5
- SPEC.NO. CPS-10034 REV
NSI%&% MICROELECTRONICS GROUP 17 G

SHEET

FORM 18102 (4/82)




7.0 PIN FUNCTIONS

10.
11,
12,
13,
14.
18,
16.
17,
18.
18,
20.

Vss

Do Not Connect (Test Input)

Analog Out Channel B

Analog Out Channel A

Do Not Connect

I/0
I/0
I/0
I/0
I/0
I/0
I/0
I/0
I/0
I/0
I/0
1/0
I/0
I/0
I/0

87
B6
B5
B4
83 __ Input Port B
B2
Bl
80
A7
A6
A5 _ Input Port A
Ad

A3

Al

2%,

23.
24.
25,
26
& .
28.
2,
30.
iy
32.
33.
34.
36.
36.
37 .
38.
39.
40.

Company Confidential

1/0 A0 __1/0 Port A
Clock Input

Reset

Do Not Connect (A9)
Do Not Connect (AS8)
RWE

BDIR

BC2

BC1

DA7

DA6

DAS

DA4 Data Address Bus
DA3

DAZ

DAl

DAO

Analog out Channel C
Do Not Connect (Test Output)

Vce

INSTROMERT
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8.0 MECHANICAL CHARACTERISTICS

8.1  PACKAGE DIMENSIONS
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8.2  SOLDERABILITY

The pins on this integrated circuit package meet solderability as
given in MIL-STD-883B Method 2003.2 with the exception of Paragraph

3.2, Aging.
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1.0

2.0

3.0

|
‘ 4.0

5.0
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SCORE

This Customer Procurement Specification (CPS) covers operation of the
AY-3-8915 N-Channel MOS color processor circuit.

CIRCUIT FEATURES

- Operation from 7.15909MHz crystal.

- Five-line digital selection for 1 of 16 colors, blanking, Sync and color
burst.

- 3.579545MHZ buffered output.

AMENDMENTS

This CPS may only be amended by a written agreement between the parties.

ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit must function within the range of electrical parameters giyen 1in
the CRS,

4.1  FUNCTIONAL TESTING

The AY-3-8915 must be functional in a use test defined in CPS-10043
and/or CPS 100489.

CIRCUIT DESCRIPTION

The required color to be displayed for each 280 nSec PIXEL 1s decoded on a
four Tine binary coded 1input. This selects one of sixteen possible colors.
An external resistor network completes the D to A function as shown in the
schematic Fig. 1 of this document. The waveform plus table 1llustrates the
use of the five inputs to produce composite sync, color burst, line
blanking, frame blanking and video.

The external video input pin provides the ability to superimpose white high
resolution (140 nSec wide) video information over the picture (color
image).
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6.0 IMPUT CODE ASSIGNMENT TIME SLOT COLOR OUTPUT DESCRIPTION
(RELATIVE VOLTAGE AMPLITUDES
V5 V4 V3 Ve vl +Q -1 -0 ¢l
0 0 0 0 0 4 4 4 4 Color 1 ]
0 0 0 0 1 8 12 7 1 EColor 2
0 0 0 il 0 10 4 7 14 Celar 3
' 0 0 0 i 1 10 8 12 12 Color 4
0 0 1 0 0 . 9 12 7 Colgw 5
, 0 0 1 0 ! 5 11 i3 8 Color 6
i 0 0 1 1 0 10 i 15 15 Color 7
i 0 0 il 1 il 13 i3 13 13 Coler 8 5
' 0 1 0 0 0 g 9 g9 g Color 9 3
i 0 1 0 0 1 8 13 12 7 Coler 10
i 0 1 0 1 0 10 6 L1 14 Color 11
; 0 1 0 1 1 9 9 5 8 Color 12
| 0 1 1 0 0 14 6 4 12 Color 13
E 0 1 1 0 1 13 13 7 7 Celor 14 ;
| 0 1 1 1 0 6 10 14 11 Color 15 i
0 1 )] 1 1 12 7 4 g Color 16
I X % @ o0 4 4 4 4 Blanking = :
! 1 X X 1 0 ? . 6 6 Color Burst
i 1 X i 0 1 0 0 0 0 Swvnc !
1 1 1 I ¢ 0 15 0 15 Test |
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7.0  ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings*

Temperature Under Bias 0°C to +100°C
Storage Temperature -B5°C to #1507C
A1l Input or OQutput Voltages

with respect to Vss -0.2v to +9.0v
Vcc with respect to Vss -0.2v to +9.0v
*Note:

Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This 1s a stress rating only and functional
operation of the device at these or any other conditions above those 1indi-
cated 1n the operational sections of this specification is not imphied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

OPERATIONAL SPECIFICATION

Ambient Temperature 0°C to +55°C

DC CHARACTERISTICS 1

Vss=0.0V, Vcc=+4.85V to +5.15V

CHARACTERISTIC SYM MIN TYP MAX UNITS CONDITIONS
3.579545 MHz Clock Output
Qutput Logic Low VoL 0 - 0.5 volts 1.5mA | +100pf
Qutput Logic High VOH 2.4 - Vce volts 80ua

1

Logic Inputs V1, V2, V3, V4, V5, EXT. VIDEO |
Input Logic Low VIL 0 - 0.7 volts
Input Logic High VIH 2.4 - Vec volts
Input Leakage Current [IL 5 uA 0V to Vcc
Outputs RF1, RF2, RF4, RF8
QUutput ON 4.0 - - mA Vout=+0.5V
Qutput OFF - - 10 uA Vout=+2.4V

Supply Current
Vdd Supply Icc - - 60 mA at +55°C

|- - SPEC. NO. REV
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AC CHARACTERISTICS SYM MIN TYP MAX UNITS CONDITIONS

Input Crystal Oscillator

Frequency F - 7.15909 - MHz 7.15909 MHz
Crystal
Trimmed by
External
Capacitors

3.579545MHz Clock OQutput

Rise Time tr - - 30 nSec

Fall Time tf - - 25 nSec

Pulse Width tw - 140 - nSec

Clock Period tp - 280 - nSec

Logic Inputs V1, V2, V3, V4, V5

Set-Up Time tsp 100 - - nSec

Hold Time thd - - 0 nSec

Qutputs RF1, RF2, RF4, RF8

Data Cycle Time tdc - 70 - nSec

Data Settle Time tds - - 25 nSec

2 REV
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3.579545MHz
Qutput

Logic Inputs

vl, v2, v3, v4,

Qutputs

RF1, RF2, RF4, RF8
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1

715909 MHz

|
PIN 2 PIN 3

RECOMMENDED CRYSTAL CONNECTIONS
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8.0

PIN ASSIGNMENT

10
11
12
13
14
15
16
17
18

FUNCTION

Vss

0SC In

0SC Out

V5

va

V3

V2

vl

RF1

RF2

RF4

RF8

Vec

Ext. Video

Clock (3.579545 MHz clock output)
No Connection

Test Reset (Connect to Vcc)

No Connection
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MECHANICAL CHARACTERISTICS

9.1  PACKAGE DIMENSIONS
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9.2  SOLDERABILITY

The pins on this integrated circuit package meet solderability as
given in MIL-STD-883B Method 2003.2 with the exception of Paragraph
3.2, Agfing.
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SCOPE

—_—

This Customer Procurement Specification (CPS) covers the functional
description for the General Instrument CP-1610 Microprocessor Integrated
Civcuit.

CIRCUIT FEATURES

Eight 16 bit general purpose registers

Four addressing modes: Indirect, direct, immediate, relative
Conditional branching on status word

16 bit 2's complement arithmetic

Status word: Carry, overflow, sign, zero

Direct memory access (DMA) for high speed data transfer

AMENDMENTS

This CPS may only be amended by a written agreement between the parties.

ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit must function within the range of electrical parameters given 1in
this €PS.

4.1 FUNCTIONAL TESTING

The CP-1610 must be functional in the use test defined in CPS-10043.
4.2 TARGET FAILURE RATE (at 25°C)

The post burn-in (40°C, 6 hours operational) target failure rate for
this device 1s 0.5 percent per thousand hours (average target failure
rate). This number is based on an exponential failure distribution
and a thermal activation energy of 1.0ev.

DESCRIPTION
The CP-1610 1s a 16 bit, single chip, N-Channel MOS LSI microprocessor.
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6.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings*

Temperature Under Bias 0°C to +100°C
Storage Temperature -557C to #150°¢C

A1l Input or OQutput Voltages

with respect to Vbb -0.2v to +18.0v
Vecc, Vdd, Vss with respect to Vbb -0.2v to +18.0v
*Note:

Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This 1s a stress rating only and functional
operation of the device at these or any other conditions above those 1indi-
cated in the operational sections of this specification is not implied.
Exposure to absolute maxImum rating conditions for extended periods may
affect device reliability.

Operational Specification

Amblent Temperature @°C to +585°C

Sl%[{?‘m MICROELECTRONICSGROUP SPEC.NO.  (CPS-10036 REV
N y SHEET 3 F

FORM 1E102 (4/82)



D.C. CHARACTERISTICS

Vss
Vbb

-2.1V to -2.4V

Bus Control Signals

BDIR BC2 BCl1 Signal

0.0V, Vcc = +4.85V to +5.15V, Vdd

+10.8V to +11.8V

Decoded Function

0 0 0 NACT No ACTion, D0-D15 = high impedance
0 0 1 ADAR Address Data to Address Register,
D0-D15 = high impedance
0 1 0 IAB Interrupt Address to Bus, D0-D15
= Input
0 1 1 DTB Data to Bus, D0-D15 = Input
1 0 0 BAR Bus to Address Register
1 0 1 DwW Data Write
1 1 0 DWS Data Write Strobe
1 1 1 INTAK INTerrupt AcKnowledge
CHARACTERISTIC SYM MIN UNITS CONDITIONS
Clock Inputs g1, @2
High VIHC 10.4 5 Volts
Low I VILC 0 6 Volts
Input Current ICL 0 mA VIHC = 12.5 Volts
Logic Inputs
Pins 6,7,8,9,10,11,
i2.13 IIL 100 1200  uAmps VIN = 0 Volts
14,15,16,17,
18,19,20,21,
27,31 IIH 0 200  uAmps VIN + 2.4 Volts
Logic Qutputs DB
Low VoL 0.5 Volts IOL = 500uA | +
High VOH 2.4 Volts IOH = 120uA | 150pf
Control OQutputs
Pins 3,4,5,29
Low VOLC 0.5 Volts IOL = 1000uA | +
High VOHC 3.0 Volts IOH = 100uA | 100pf
Power Supply Current
Vdd Supply Idd 75 mA
Vcc Supply Icc 25 mA gt +557C
Vbb Supply Ibb 3 mA

Note: Input capacitance of all logic pins, 10pf max

VIN= OV@ 1MHz.

Not measured during production test.
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| A.C. CHARACTERISTICS

CHARACTERISTIC SYM  MIN MAX UNITS CONDITIONS
| Clock Pulse Inputs

g1 @2

Pulse Width t@l,td2 160 nsSec at Logic 1
Skew (@1,02 delay) tl2,t21 0 nSec

Clock Period tcy 0.5 0.560 uSec

Rise Time Oto 1 40 nSec

Fall Tme 1 to O 40 nSec

BUS SIGNALS D0-D15

Output delay from  tbo 200 nSec [OH = 120uA | +

Pl (float to output) IOL = 500uA { 150 pf
Input set up time  tbl 200 nSec

before @1y

Input Hold time tb2 100 nSec

after @1 4

Bus Control Signals
BC1, BC2, BDIR

Qutput delay from 120 nSec IOH = 100uA +100pf
VOH = 2.2V

g1 toc 178 nSec IOH = 100uA +100pf
VOH = 3.0V

Skew 30 nSec

BUSAK Output Delay

from @1 tbu 250 nSec

"\5&% % MICROELECTRONICS GROUP SPEC.NO. gps-10035 R
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| 7.0 PIN ASSIGNMENTS

1 No Connection

| , T

I 3 BC1
4 BC2

| 5  BDIR
6 DB15

' 7 DB14

| 8 DB13
9 DB12
10 DB11
12 0810
12 089
13 DB8
14 DBO
15 DB1
16 087
17 DB6
18 DBS
19 DB4
20 DB3

21
22
a3
24
25
26
27
28
o
30
31
32
Lk
34
35
36
37
38
39
40

DB2

No Connection
No Connection
No Connection
No Connection
No Connection
INTRM

Connect to +5V
BUSAK

No Connection
BUSRQ

Connect to +5V
Connect to +5V
Vcc

Vbb

Vdd

g2

g1

Vss

Connect to +5V

Company Confidential
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CLOCK & BUS TIMING
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8.0  MECHANICAL CHARACTERISTICS

8.1  PACKAGE DIMENSIONS
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8.2  SOLDERABILITY

The pins on this integrated circuit package meet solderability as
given in MIL-STD-883B Method 2003.2 with the exception of Paragraph

3.2, Aging.
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SCOPE

—

This Customer Procurement Specification (CPS) covers the functional
description for the AY-3-8900-1 STIC MOS I.C.

CIRCUIT FEATURES

0 Outputs include coded signal timings for NTSC compatible video signal
generation.

0 Operation from a 3.579545 MHz clock.

0o 8 coordinate addressable foreground objects on a grid of 167H by 105V of
which 159 x 96 are visible positions.

0 Foreground objects independently programmable for half height, y zoom, x
zoom and 8 or 16 character Tlines high.

o Selectable background display on a matrix of 20 H by 12 V using 8 x 8
picture elements.

o 16 digitally selectable colors.

0 Capable of accepting data, address and graphics information on common
multiplexed bus.

AMENDMENTS

This CPS may only be amended by a written agreement between the parties.

ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit will be subjected to the electrical parameters given 1in the
CPS.

4.1 FUNCTIONAL TESTING

The AY-3-8900-1 must be functional 1in a use test defined in CPS-10043.
4.2 TARGET FAILURE RATE (at 25°C)

The post burn-in (40°C, 6 hours operational) target failure rate for
this device is 0.5 percent per thousand hours (average target failure
rate). This number 1is based on an exponential failure distribution
and a thermal activation energy of 1l.0ev.

& F s CROELECTRONCS GROUP PG, B0 gPS-lOO37
lNSI‘l-k \ SHEET

ﬂml

FORM 1E102 (4/82)




5.0

Company Confidential

SYSTEM DESCRIPTION

The AY-3-8900-1 STIC 1s designed for use within 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 graphic character descriptors and patterns.

The display facilities of the circuit are separated nto two simultaneously
operating modes. The main chip function provides eight coordinate
positioned "foreground" objects, which have a number of display options
including selection from a choice of sixteen colors. The second mode
provides a background display facility, which 1s composed of a matrix of
twelve rows by twenty columns of which 19 are composed of 8 x 8 picture
elements and the 20th 7 x 8 picture elements. The "background" mode
utilizes a dedicated area of external memory (240 by 14 bit words) to store
the character control codes for each display position and both modes require
some external memory assigned to the storage of the character patterns. The
graphic pattern memory 1s eight bits wide.

The AY-3-8900-1 operates within the computer system by time sharing a bi-
directional 14 bit bus. The demultiplexing and the system synchronization
are defined by three sets of control signals.

The main synchronization which operates at the T.V. frame rate uses SR1, SR2
and SR3. The SR1 signal occurs once per frame and it 1s used to synchronize
the CPU algorithms to the intended display sequences. SRl 1indicates that
STIC time 1is complete and that the AY-3-8900-1 has switched to the CPU
controlled mode.

SR2 1s 1ssued thirteen or fourteen times per picture frame depending on
picture offset. The AY-3-8900-1 takes this signal low to request the first
line access for a new row of twenty characters.

The SR3 signal operates 1in conjunction with SR2 to read the "background"
character descriptors out of external memory. The AY-3-8900-1 pulses SR3
positive for each character position. Once the first line has been accessed
by the SR2, SR3 combination, the following fifteen lines to complete the

8 x 8 array are fetched by SR3 alone.

The SR3 signal 1s also issued during the CPU controlled mode 1in response to
BAR, ADAR or DW to enable an external device on the 14 bit BUS.

The second control bus is used to specify address, read and write sequences
for the area of external memory used to store the graphic character "dot"
patterns. The three signals on this bus are BAR', DTB' and DWS'. The BAR'
1s output by the AY-3-8900-1 when a valid graphics character address 1s on
the 14 bit bus. The external memory must latch this address for future read
or write operations. The DTB' signal indicates that a "read" 1s requested
and the external memory must place the eight bits of character pattern onto
the 14 bit bus. The DWS' signal indicates that a "write" is requested.

SI%[{NM MICROELECTRONICS GROUP SPEC.NO.  (PS-10037
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cont.

The graphic control bus is used during "STIC" time in the fetch of
"foreground" object patterns and "background" object patterns. During the
non "STIC" time when in the CPU controlled mode, the graphics control bus
can be used to link the memory area containing the graphics patterns to the
main memory area of the external microprocessor.

The third control bus communicates with the external CPU. This bus
comprises signals BCl, BC2 and BDIR. They are coded to signify address,
read and write sequences. The CPU control bus 1s only validated if the
AY-3-8900-1 is 1n the CPU controlled mode, otherwise 1t 1s 1ignored.

&fd\lm MICROELE CTRONICSGROUP e 295'10037
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6.0

DATA STRUCTURES

6.1

HORIZONTAL POSITION DATA WORD

8 bits of an 11 bit word are used to control the horizontal
positioning of a foreground object to a visible resolution of one part

in 167.

The actual X coordinate positions are 8 to 167 and the extra seven
locations are used to permit objects to progressively "disappear" into
the border area.

The extra seven locations are on the left hand side and effectively
give a negative positioning of seven units off the screen.

The data for the objects are loaded into address locations (0)g
through (7)g in STIC. The lower eight bits of the word (DBO-0B7)
defines 1its horizontal position. The ninth bit selects whether the
moving object 1s interactive or non-interactive. The tenth bit
controls the visability.

The eleventh bit is an X zoom control which, if set to a logic 1,
clocks out the object shift register at half speed which doubles the
object size displayed on the screen in the X direction.

The horizontal position bits are designated as follows:

11 10 9 8 7 6 8 4 3 B 1

— Horizontal position of object
Interactive/Non-interactive
Visible/invisible

Zoom 1in X

i

5 i : | REV |
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6.2

VERTICAL POSITION DATA WORD

7 bits of a 12 bit word are used to control the vertical positioning
of each moving object to a resolution of one part in 104.

The actual Y coordinate positions also allow objects to disappear top
or bottom and an extra eight positions are provided above the top of
the active screen area.

The data for the Y coordinate positions are loaded into address
locations (10)g through (17)g within STIC. The lower seven bits

of the word define the vertical Y position of the top edge of the
object. The eighth bit allows the character to be drawn as an 8 X 8
matrix or an 8 X 16 matrix. The significance of the larger matrix 1is
that you can have a higher resolution object by using the half height
feature or it may simply be used to draw more complex shapes within
the vertical rectangle. If a sixteen line picture (data changes) is
required, the start position for the character address in memory must
have the lower bit (DB3) at a logic zero to allow STIC to
consecutively address sixteen eight-bit words. The data patterns
within the memory must be organized to allow sixteen line characters
to occupy two consecutive eight byte blocks within the graphics memory
area. (STIC provides the lower four bit binary, current line address
to memory rather than a three bit code as used in eight line
pictures).

The ninth bit controls the vertical size of the minimum picture
element PIXEL. Throughout the description of AY-3-8900-1 character
display capabilities, the minimum picture element, PIXEL, 1s defined
as a "square" having a timed width equal to the period of the color
reference crystal, approximately 280 nSec., and a vertical height of
two drawn lines on a non-interlaced 262 line half frame. The
"foreground" or "moving" objects have a half height control which
allows a pattern change on all drawn lines instead of every second
line, and this reduces the minimum PIXEL to 280 nSec by one drawn
line. The ninth bit control, if set to a logic 1, causes the
corresponding moving object to be drawn over eight video lines instead
of the normal sixteen lines, assuming the bit 10 is at a logical "0".

| ’ - REV
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6.2 cont.

The eleventh and twelfth bits respectively control the X and Y mirror.
The tenth bit controls Y zoom and operates in a binary manner with the
1 or 2 line select bit to provide a vertical selection of 1, 2, 4, or

8 drawn lines before a datd change.

be sixteen data lines times 8 which is 128 visible lines.

The vertical position bits are designated as follows:

12

11 10

8 7 6 g 4 3 2 1

Mirror in X%

| |
<;:\\Vertica1 position of object
8 or 16 line picture sequence
Vertical dot size 1 or 2 line
Zoom 1in Y

Mirror in Y

The maximum height object would

BIT 10 BIT 9
0 0 Data change each Tine
0 | Data change every two lines
1 0 Data change every four lines
1 1 Data change every eight lines
NSI%%&EQJF MICROELECTRONICS GROUP :’:‘:E“: §P5'10037 RFEV
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6.3  FOREGROUND OBJECT IDENTIFICATION AND CONTROL

Locations (20)g through (27)g within STIC store the object library
address bits and the color and control information for the eight

The lower three bits select 1 of the first 8
The next 9 bits define the character start address
The thirteenth bit

foreground objects.
available colors. :
from a library of 512 possible characters.

LU QI wwrns

operates in conjunction with the three color bits to give a 1 from 16

color selection.

that particular foreground object relative to the background.

This stops invisible

priority over any background character which 1t may overlap.

The effect of priority defines which object should control the color
Because the priority may be changed
on any frame, this may be used by the programmer to produce a three
dimensional effect of objects being 1in front of some background

The 1dentification and control words are

display on areas which overlap.

displays and behind others.

designated as follows:

i 13 12 W1 140 & 8 7 & & 4 3 2 1
MK1 | MK2 CHARACTER START ADDRESS C2| Cllc 0
BIT FUNCTION LOGIC 0 LOGIC 1
MK1 Priority Control Foreground Background
MK?2 Color Control Group A Group A and B

The fourteenth bit controls the display priorit¥ of
A logic
zero in this bit allows the foreground object color to replace any
background character where there 1s an overlap of the drawn image.

The foreground objects themselves have a related priority in that a
lower numerical object has a higher visible priority that a higher
numerical object, i.e, object zero takes precedence over all other
objects, object one covers all except zero, etc.
conditional upon the object being visible.
been programmed it can be interactive with all other objects but it
will not enter the priority draw logic.
foreground objects from producing a ‘'negative' effect 1f 1t has a

The priority draw 1s
If an invisible object has

SPEC. NO.

Sl%alﬁgﬁlf MICROELEC TRONICSGROUP
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6.4

8.5

FOREGROUND OBJECT COMPUTER CONTROL

The CPU must accept the 8900 STIC in 1ts memory map of Og to 77g.

In general most words or bits are read/write but there are some
exceptions. The bit controlling the CPU release of the 14 bit bus
called 'Special Bit', 1s write only to the CPU. The interaction words
at (30)g to (37)g are set by the STIC and can set or be reset by

the CPU.

There are three words controlling each of the eight foreground
objects, an X coordinate, a Y coordinate and an object descriptor.

FOREGROUND OBJECT INTERACTION

Moving Objects - During display of the active picture, all interactive

objects are optionally inspected for overlap with other interactive
objects. An "overlap" 1s defined such that a logic 1 or active area
of one object 1s overlapped on a logic 1 of any other object. Either
or both objects may be invisible.

If an overlap 1s detected, the hit signal 1s stored in an eight word
array positioned at addresses (30)g to (37)g within STIC. The

array 1s organized as eight by ten bit words and the lower byte is
assigned a matrix with significance relative to the numerical value of
the object. Word zero, bit zero 1s used for object zero, bit one for
object zero overlapping with object one, etc. The bits for an object
interacting with itself are wired to a permanent zero and cannot be
set by the CPU.

e ——
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Object O gl @] ¢} 8 2] 9] 0] @ §j @

1 gl 1} el @ 8p 9 1} 0} @) 1

2 i1} @) &) @] 1] €)1 @+ @} 8] G

BD - Background Character

BR - Border

Above is a possible pattern within the interaction matrix.

Background Objects - bit nine of the interaction matrix is used to
indicate if a foreground object overlapped any background object. A
background object is defined as a character pattern drawn in the
background mode or any color which is not white if drawn in the
colored squares mode.

Border - The eight foreground objects are inspected against a border
"window", and if an interactive character is overlapping the edge of
this "window" the tenth bit of the Interaction Word will be set to a
logic one.

| - REV
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6.6

6.7

-—— ey

COMPUTER CONTROL OF INTERACTIONS

The interaction record area of STIC is set by any shape overlap if the
appropriate interaction bit has been set. The STIC gives control to
the CPU from the start of an interrupt period by issuing SRl. At this
time the CPU can inspect interactions and perform the normal timed
object movement. The STIC is not completely disabled at this time and
it still allows the CPU to pass data to and from the graphics memory
area using STIC logic for timing and control signals. There is a
location within STIC at address 40g which is the CPU-STIC control
known as Special Bit. This location may be reset to a logic zero by
writing from the CPU, and this must occur during the next 3.5 mSec, if
the next frame is to be drawn by STIC. If the interaction matrix has
not been cleared prior to the STICK being allowed to display a new
frame, any new interactions will OR with the old data.

BACKGROUND OBJECTS

The background display of the STIC system is organized into a matrix
of twenty horizontal positions by twelve vertical positions for a
total of 240 locations. The 240 selection words are accessed in
sequence from external memory.

Each "card" location on the screen is defined completely by a 14 bit
word. The three least significant bits defined 1 of 8 colors for

the object to be displayed and is used on conjunction with control bit
BK2 (DB12) to produce a total choice of 1 of 16 colors. The next nine
bits define the character start address from an external library of
512 characters. The individual rows within a character are read
automatically by the 8900-1 using a Y0, Y1, Y2 three line connection,

The top three bits of the word (DBll, DB12, DB13) are control bits
which describe some extra features available during the background
display. There are three modes under which these codes can be
interpreted. Two of these operate on the background color wash and
the third code specifies the colored squares mode. These modes are
explained in greater detail under a separate heading.

The drawing sequence for background characters is defined by timing
logic within the 8900-1 and control logic within the system RAM. The
system is synchronized by the SRl (interrupt) signal from the STIC,
which is a negative going edge generated one line after the end of
active picture,

Sﬁia‘m MICROELECTRONICSGROUP S, W, 255-10037
NSTRUR SHEET
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6l cont.

The CPU accepts this signal as an interrupt request and in sequence it
will issue an acknowledge, INTAK, on the control bus, BCl, BC2, BDIR.
The INTAK is decoded by the STIC and used to clock SRl back to a logic
one condition.

The timing of the background data fetch is synchronized with SR2 and
SR3. The first SR2 signals the start of STIC time to the 9600.
Subsequent SR2s indicate that a new row of characters has been
requested by the 8900-1. SR3 is pulsed positive to request each
individual character descriptor.

6.8 BACKGROUND MOTION

The entire background field may be moved by programming horizontal and
vertical offset words which are located at address 60g for X and

6lg for Y. These words are of three bits and they are used to

provide an offset of the picture origin by an amount of up to eight
counts in X and Y.

The non-offset condition is 0, O in the two stores and as the numbers
are increased, the "picture" origin will correspondingly move right
and down. To remove the effect of a "wrap around" display where half
an object is at the top and half at the bottom, or left and right as
the case may be, there are two control bits located at address 62g.
Bit zero set to a one effectively extends the left hand border to
cover the first column of cards and correspondinbly bit one is used to
extend the top border to cover the first row. For all conditions
other than 0, 0 in the offset words, there will still be a 20 X 12
card display with fractional cards around the periphery. The X and Y
offset and their control bits are completely independent and may be
used in any combination.

Note that the origin for the background display and the foreground
positions are locked together and that a moving background will also
move the foreground.

F ———
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6.9 COLORED SQUARES MODE

To extend the universal application of the 8900-1, an extra capability
is provided for more color programmability than the basic one object
on one card approach.

This extra mode is colored squares and it operates by taking an
individual 8 X 8 card and redefining it as four 4 X 4 squares. Each
of the 4 X 4 squares can be programmed separately to one of seven
colors (from Group A). If all the background matrix was selected in
colored squares mode, this would provide an array of 40 X 24 where
each of the 960 squares are separately programmed for color.

The colored square word is designated as follows:

13 12 11 10 9 8 7 6 5 4 3 2 1
|Tlﬂ—rmmm“@—@mm

WORD & — LWW?‘ Lmn" immrrl

The three color bits of each of the four words directly

defines the color inside the corresponding square. The L] 2
condition of three ones which would be a white square,

is trapped by the display logic and the current back- 3] 4

ground color is drawn in that square.

BACKGROUND COLOR

There are two modes available which provide control of the background color
wash. The particular mode selected is defined by the CPU writing or reading
address 4lg within the 8900-1. The background color wash mode throughout
any particular frame of 240 cards can only be changed during the CPU
interrupt time initiated by SRI.

Mode 1 - If address 4lg is read by the CPU, the 8900-1 will operate in the

first background mode. This mode uses a four word, four bit cyclic stack and

a stack pointer. The four words are positioned at 50g - 53g on DBO - DB3
inclusive, and may be accessed by the CPU during the interrupt period
following SR1. The stack pointer is controlled by BKl and a logic zero will
leave the pointer at its current position, a logic one will step the pointer
to the next position. The stack is a continuous loop and will carry around
the end position. When the pointer is incremented the new color wash will
appear on the card which caused the increment.

I RE
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7.0

cont,

The use of the colored squared code in any "card" position inhibits the
action of BKl and redefines it as the C2 control bit, thereby holding the
stack pointer at its current position.

The pointer is reset to the top of the stack at the end of active picture.

Mode 2 - If address 4lg is written to by the CPU, the 8900-1 will operate
in the second background mode. The 14 bit word is now coded to contain
program information for both the background character color and the color
wash behind that character. This allows the programmer to define a colored
"object" on a colored card effect with complete control of and random color
changes necessary.

The recording of the background descriptor to add the background color wash
reduces the character address word to six bits, allowing two further bits for
use in color coding. The three bits of background control, BKl, BK2, and BK3
are also redefined.

ST%EJVVF{E#I' MICROELECTRONICS GROUP SPEC.NO. 225-10037
NSTRUT SHEET
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1.0 cont,

BACKGROUND MODES:

MOOE 1:
BK1 | BK2 9 BIT CHARACTER ADDRESS €2/l | CO
BK1 BK2 BK3 COLOR STACK POINTER
0 0 X Group A - Current
1 0 X Group A - Next
0 1 X Group B - Current
l 1 X Group B - Next
X 1 0
X i 0 COLORED SQUARES
DB13 D812 DB11
COLORED STACK
A/B C2 Cl C0
A/B Cé Cl C0
COLOR STACK POINTER A/B Ce Gl C0
A/B C2 Cl C0
MODE 2:
C2| Bx2)| Br3)] Cl| €O 6 BIT CHARACTER ADDRESS | C2| C1 | CO

€2, Cl, CO - color code for background wash

BK2

A logic zero

color for mode two.

A/B control bit, operates on color wash and not on character

selects first option, logic one selects second.

INSTRUMENT

SPEC. NO.
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Company Confidential

| 7.1  BORDER COLOR

The active area of the display 1s surrounded by a colored border. The
| border may be drawn 1n any of the sixteen colors, and 1t may be
programmed by the CPU via a four bit store at address 54g, which 1is
adjacent to the background color storage. The border color 1s
‘ programmed during the interrupt period following SRl and 1t may be
changed 1n any frame.

! 8.0 STIC TIMING

I The basic timing of the device can be segregated 1nto three opeérating areas.
These areas are directly related to the real time raster scan operation of a
domestic television receiver.

The areas are:

| L.
2.
3

Active drawn line
Active line retrace
Vertical retrace period

The Active Drawn Line defines the period when a row of selectable
dots are being drawn on the television screen. During this time a
single video line from a row of "background" characters 1s drawn,
using the control signals SR2, SR3, BAR', DTB' and data from an
area of external memory.

The visible dot patterns for a "foreground" object are also output
at this time.

The Active Line Retrace 1s the period when the dot pattern for the
individual "foreground objects are fetched from external memory.
The control signals which are active at this time are BAR' and
DTB".

The Vertical Retrace Period extends from the last line at the
bottom of the active picture until a period two lines before the
restart of the active picture. The AY-3-8900-1 indicates the start
of the retrace operation by issuing a negative pulse on SRl. This
pulse 1s used by the external CPU as an 1indication that the STIC
has finished drawing a picture. At the end of the vertical retrace
period the CPU will lose access to the memory area contained within
the 8900-1 chip, if special bit has been set. To allow the CPU to
access memory on the 14 bit bus the 8900-1 chip operates so that
the three lines SDO, SO01, SO02 and YO, Y1 and YZ can copy
bi-directional, under control of the CPU BUS BCl, BCZ2, BDIR.

NSTRUMERT
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| 9.0 ELECRICAL CHARACTERISTICS

] Absolute Maximum Ratings*

Temperature Under Bias 0°C to +100°C
Storage Temperature -56°C to #150°C
l A1l Input or Output Voltages
with respect to Vbb -0.2V to +9.0V
| Vce, Vdd & Vss with respect to Vbb -0.2V to +9.0V
*NOTE: !

|

l Stress above those listed under "Absolute Maximum Ratings" may cause f
permanent damage to the device. This 1s a stress rating only and functional
operation of the device at these or any other conditions above those

] indicated in the operational sections of this specification 1s not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliabilty.

[ For definition of control signal codes on BCl, BC2, BDIR, please refer to
sheet 3 CPS-10036.
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| OPERATIONAL SPECIFICATION

Ambient Temperature

’ D.C. CHARACTERISTICS

Company Confidential

g°C to +55°C

I Vss = 0.0V, Vcc = 5.45V to 5.95V, Vbb = -2.1V to -2.4V

CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS
I Bus Inputs
SD0-SD13, YO-Y3
| Logic Low VIL 8.7 Volts
Logic High VIH 2.4 Volts
Leakage [IL 5 uA VIN = OV to Vcc
Bus Outputs
| SD0-5013, Y0-¥3
Logic Low VoL 0 0.5 Volts IOL = 100uA +100pf
Logic High VOH 2.4 Vee Volts IOH = 100uA
Control Inputs
BC1, BC2, BDIR,
RSTIN, CLOCK
Logic Low VIL 0.7 Volts
Logic High VIL 2.4 Volts
Leakage BIK g uA VIN = OV to Vcc
Control OQuputs
| SR1, SR2, MSYRC
Logic Low VoL 0.5 Volts I0L = 500uA7] +100pf
Logic High VOH 2.4 Vee Volts IOH = 100uA |
| BARL, DTBL, Dws! y
Logic Low VoL 0.5 Volts IOL = 100uA | +50pf
| Logic High VOH 2.4 Vece Volts IOH = 100uA |
SR3
Logic Low VoL 0.5 Volts IOL = 100uA7] +50pf
Logic High VOH 3.0 Vee Volts IOH = 100uA |
- REV
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D.C. CHARACTERISTICS (cont.)

CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS
Clock OQutputs
g1, 92
Logic Low VoL 0.5 Volts 0L = 1mA +100pf
Logic High VOH 2.4 Vee Volts [IOH = 100uA
Power Supply Current
Vec Icc 170 mA at +55°C
Vbb Ibb L mA
Note: Input capacitance of all logic pins, 10pf max
VIN= 0V@ 1MHz. .
Not measured during production test.
|
i
|
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A.C. CHARACTERISTICS

*For a BAR or ADAR within the STIC or GRAPHICS memory
a look-ahead READ immediately after the valid address.

CHARACTERISTIC SYM MIN
Clock Input Freq. fc -
Rise Time tre

Fall Time tfc

Pulse Width CwC 100
CPU Time

Data Bus (input)

SD0-SD13

Address Set Up tas 150
Address Overlap tao 30
Write Set Up tws 400
Write Overlap two 200
SD0-SD2 to YO0-Y2 tdy

bus copy

Data Bus (output)

SD0-SD13

Turn On Delay tdai

Turn Off Delay tdo

Y0-Y2 to SDO-SD2 tyd

bus copy

BCl, BC2, BDIR Setup tcs 0
BC1l, BCZ2, BDIR Overlap tco 250

MAX UNITS
- MHz
30 nSec
20 nSec
130 nSec
nSec
nSec
nSec
nSec
125 nSec
200 nSec
nSec
nSec

Company Confidential

CONDITIONS

3.579545 externally
adjusted

Data valid at start
of copy

Data valid at start
of copy

address the STIC will perform
The following DTB signal is

only used to disable the READ sequence at the appropriate time. If a WRITE
sequence is detected the look-ahead READ is disabled in DW time and a valid WRITE
procedure is completed during DWS.

Clock Outputs @1, @2

Rise Time il 40 nSec

Fall Time tf 30 nSec

Overlap to 0 nSec

Pulse Width tcw 170 nSec

Control Turn On

SR3, BARL, prBl ton 40 nSec

ows]

Turn Off toff 40 nSec

Sl%ﬁ [5\' % MICROELECTRONICS GROUP SPEC.NO.  (P35-10037 R!.Ev
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SHEET

STIC TIME MIN MAX UNITS
Background Period
Control Signals
SR3 Turn On O 40 nSec
SR3 Turn Off O 40 nSec
8ARL, DTBL, Turn On 0 40 nSec
BARL, DTBL, Turn Off O 40 nSec
Y Bus Drive @ 250 nSec
Graphics Bus Read
Set Up DTBLY 200 nSec
Hold DTBL J 0 nSec
Foreground Period
SB and Y Bus Drive @4 250 nSec
SB and Y Bus Hold g1 O nSec
Graphics Bus Read
set Up DTBL ¥ 200 nSec
Hold DTBL + 0 nSec
REV
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10.0 PIN CONNECTIONS

¥
2

10
11
12
13
14
15
16
17
18
19
20

Vss
SR3
DWS'
DTB!
BAR'
BC2
BC1
BDIR
SR1
g1

@2
SR2
MSYNC
RSTIN
Clock
V4
Vss
V3

V5

Vce

2l
22
23
24
25
26
.y
28
29
30
3
32
33
34
35
36
37
38
39
40

V2

V1

S013

SD12

S011

SD10

SD9
SD8
SD7
SD6
SDS
SD4
SD3
SD2
301
SDO
Y0

Y1

Y2

Vbb

Company Confidential
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11.0 MECHANICAL CHARACTERISTICS

11.1 PACKAGE DIMENSIONS

el N R R B R R R _ N _E_E_ N K.

- 2.10

2.00

11.2 SOLDERABILITY

Company Confidential

The pins on this integrated circuit package meet solderability as
given in MIL-STD-883B Method 2003.2 with the exception of Paragraph

3.2, Aging.
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1.0

2.0

3.0

4.0

5.0

6.0

Company Confidential

SCOPE

This Customer Procurement Specification (CPS) covers the AY-3-9504 N-Channel
MOS, I.C. The patterns programmed into these cartridge ROMs are designated
1XX and 2XX for cartridge use and designated 021 for upper EXEC uses.

CIRCUIT FEATURES

0 Mask programmable storage providing 2048 X 10 bit words.
0 Memory map circuitry to place the K ROM page within a 65K memory area.

o 10 bit tri-state bus with higher 6 bits driven to zero during read
operations. '

AMENDMENTS

This CPS may only be amended by a written agreement between the parties.

ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit must function within the range of electrical parameters given 1n
this CPS.

CIRCUIT REQUIREMENTS

The R0-3-9504 operates as the program memory for systems using a CP1600
series microprocessor. It 1s configured as 2048 X 10 bit words and contains
several features which reduce the device count in a practical microprocessor
application. Two R0-3-9504 ROMS (1XX and 2XX patterns) make up one game ROM
set and one R0-3-9504 ROM (021) 1is used as the upper EXEC.

OPERATING DESCRIPTION

From initialization, the 9504 waits for the first address code, e.g., BAR.
For this address code and all subsequent address sequences, the 9504 reads
the 16 bit external bus and latches the value into its address register.

The 9504 contains a programmable memory map location for its own 2K page,
and if a valid address 1s detected, the particular address located will
transfer 1ts contents to the chip output buffers. If the control code
following the address cycle was a READ, the 9504 will output the 10 bits of
addressed data and drive a logic zero on the top six bits of the bus.

| k E’V ICRO EL E OORIS G RO UP RN S9hA00N 5
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6.1  INPUT CONTROL SIGNALS

BDIR  BCl  BC2  EQUIVALENT SIGNAL  RESPONSE
0 0 0 NACT NACT
0 0 1 [AB =
0 1 0 ADAR ADAR
0 1 1 DTB (READ) 078
1 0 0 BAR BAR
1 0 1 DWS -
1 0 DW -
1 1 INTAK BAR
7.0 ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings*
Temperature Under Bias 0°C to +100°C
Storage Temperature -55°C to +150°C
A1l Input or OQutput Voltages
; with respect to Vss -0.2V to +9.0V
Vcc with respect to Vss -0.2VY to +9.0V

*Note:

Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This 1s a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

1
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OPERATIONAL SPECIFICATION

Ambient Temperature

D.C. CHARACTERISTICS

Vss = 0.0V, Vcc= +4.85 to +5.15V

CHARACTERISTIC SYM

Bus and Control Inputs

Input Logic Low VIL
Input Logic High VIH
Leakage [y

l CPU Bus Qutputs

Qutput Logic Low VoL
Qutput Logic High VOH

Supply Current

Vcc Supply Ice

| A.C. CHARACTERISTICS

CHARACTERISTIC SYM
Inputs

Address Set Up tas
Address Overlap tao

CPU Bus OQOuputs

Turn On Delay tda
Turn Off Delay tdo
Access Time tac

MY

MIN

300

80

Company Confidential

G°¢ ta ¢557C

MAX UNITS CONDITIONS
0.7 Volts
Vece Volts
5 ua VIN = OV to Vcc
0.5 Volts I0L = 1.5mA |
Vee IOH = 8QuA | +1SOpf
74 mA at +55°C
MAX UNITS CONDITIONS
nSec
65 nSec
350 nSec
350 nSec
1.5 uSec

! Note: Input capacitance of all Jogic pins, 10pf max VIN=0V @ 1MHz
Not measured during production test.
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8.0  PIN CONNECTIONS
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1 vCce 18 Vss
2 No Connection 16 DB7
3 No Connection 17 DB6
4 DB15 18 No Connection
B No Connection 19 085
6 0814 20 0B4
7 D813 21 D83
8 0812 22 No Connection
g DBll 23 DB2
10 0810 24 081
11 No Connection 25 DBO
12 DB9 26 BOIR
13 088 27 BC2
14 No Connection 28 BC1 |
i
i
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9.0 MECHANICAL CHARACTERISTICS

9.1  PACKAGE DIMENSIONS

i e B B B e e e e B s B B e Bl e
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9.2  SOLDERABILITY

The pins on this integrated circuit package meet solderability as

given in MIL-STD-883B Method 2003.2 with the exception of Paragraph
3.2, Aging.
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L.0

2.0

8.0

4.0
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SCOPE

This Customer Procurement Specification (CPS) covers the functional
description for the AY-3-8900 STIC MOS I.C.

CIRCUIT FEATURES

0o Outputs include coded signal timings for CCIR video signal generation.
o Operation from a 4.0000 MHZ clock.

o 8 coordinate addressable foreground objects on a grid of 167H by 105V of
which 159 x 96 are visible positions.

0 Foreground objects independently programmable for half height, y zoom, x
zoom and 8 or 16 character lines high.

o Selectable background display on a matrix of 20 H by 12 V using 8 x 8
picture elements.

0 16 digitally selectable colors.

o Capable of accepting data, address and graphics information on common
multiplexed bus.

AMENDMENTS

This CPS may only be amended by a written agreement between the parties.

ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit will be subjected to the electrical parameters given in the
CPS.

4.1 FUNCTIONAL TESTING

The AY-3-8900 must be functional in a Use Test defined in CPS-10049.

4.2 TARGET FAILURE RATE (at 25°C)

The post burn-in (40°C, 6 hours operational) target failure rate for
this device 1is 0.85 percent per thousand hours (average target failure
rate). This number 1S based on an exponential failure distribution
and a thermal activation energy of 1.0ev.

Sl%ﬂ E’V m MICROELECTRONICS GROUP SPEG. NO. g PS-10042
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SYSTEM DESCRIPTION

(S )]
o

The AY-3-8900 STIC is designed for use within 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 graphic character descriptors and patterns.

The display facilities of the circuit are separated into two simultaneously
operating modes. The main chip function provides eight coordinate
positioned "foreground" objects, which have a number of display options
including selection from a choice of sixteen colors. The second mode
provides a background display facility, which 1s composed of a matrix of
twelve rows by twenty columns of which 19 are composed of 8 x 8 picture
elements and the 20th 7 x 8 picture elements. The "background" mode
utilizes a dedicated area of external memory (240 by 14 bit words) to store
the character control codes for each display position and both modes require
some external memory assigned to the storage of the character patterns. The
graphic pattern memory is eight bits wide.

The AY-3-8900 operates within the computer system by time sharing a bi-
directional 14 bit bus. The demultiplexing and the system synchronization
are defined by three sets of control signals.

The main synchronization which operates at the T.V. frame rate uses SR1, SR2
and SR3. The SRl signal occurs once per frame and i1t s used to synchronize
the CPU algorithms to the intended display sequences. SRl 1indicates that
STIC time is complete and that the AY-3-8900 has switched to the CPU
controlled mode.

SR2 is issued thirteen or fourteen times per picture frame. The AY-3-8900
takes this signal low to request the first line access for a new row of
twenty characters.

The SR3 signal operates 1in conjunction with SR2 to read the "background"
character descriptors out of external memory. The AY-3-8900 pulses SR3
positive for each character position. Once the first line has been accessed
by the SR2, SR3 combination, the following fifteen lines to complete the

8 x 8 array are fetched by SR3 alone.

The SR3 signal 1is also used during the CPU controlled mode to operate as a
drive selector on the 14 bit bus.

The second control bus is used to specify address, read and write sequences
on the area of external memory used to store the graphic character "dot"
patterns. The three signals on this bus are BAR', DTB' and DWS'. The BAR'
is output by the AY-3-8900 when a valid graphics character address is on the
14 bit bus. The external memory must latch this address for future read or
write operations. The DTB' signal indicates that a "read" is requested and
the external memory must place the eight bits of character pattern onto the
14 bit bus. The DWS' signal indicates that a "write" 1is requested and the
external memory must complete the sequence within 625 nanoseconds.

a = REV
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5.0
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cont.

The graphic control bus 1s used during "STIC" time in the fetch of
"foreground" object patterns and "background" object patterns. During the
non-"STIC" time when the CPU is in command, the graphics control bus 1s used
in a semi-copy mode to link the memory area containing the graphic patterns
into the main memory area of the external microprocessor.

The third control bus communicates with the external CPU. This bus
comprises signals BCl, BC2 and BDIR. They are coded to signify address,
read and write sequences. The CPU control but 1is only validated if the
AY-3-8900 is 1in the CPU controlled mode, otherwise it 1s 1ignored.

S%E,\'m MICROELECTRONICS GROUP SPEC.NO.  (ps-10042 Rf o
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6.0 DATA STRUCTURES

6.1  HORIZONTAL POSITION DATA WORD

8 bits of an 1l bit word are used to control the horizontal
positioning of a foreground object to a visible resolution of one part
in 167.

The actual X coordinate positions are 8 to 167 and the extra seven
locations are used to permit objects to progressively "disappear" into
the border area.

The extra seven locations are on the left hand side and effectively
give a negative positioning of seven units off the screen. Any object
would disappear if moved to the right since the X coordinate is the
left hand edge of the character.

The data for the objects are loaded into address locations (0)g
through (7)g in STIC. The lower eight bits of the word (DBO-DB7)
defines its horizontal position. The ninth bit selects whether the
moving object is interactive or non-interactive. The tenth bit
controls the visability, and using this bit in conjunction with the
interactive bit, all combinations are possible.

The eleventh bit is an X zoom control which, if set to a logic 1,
clocks out the object shift register at half speed which doubles the
object size displayed on the screen in the X direction.

The horizontal position bits are designated as follows:

11 | 10 9 8 7 6 5 4 3 2 | 1
AW |

\\Horizontal position of object
Interactive/Non-interactive
isible/invisible

oom in X

r % REV
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VERTICAL POSITION DATA WORD

7 bits of a 12 bit word are used to control the vertical positioning
of each moving object to a resolution of one part in 104.

The actual Y coordinate positions also allow objects to disappear top
or bottom and an extra eight positions are provided above the top of
the active screen area,

The data for the Y coordinate positions are loaded into address
locations (10)g through (17)g within STIC. The lower seven bits

of the word define the vertical Y position of the top edge of the
object. The eighth bit allows the character to be drawn as an 8 X 8
matrix or an 8 X 16 matrix. The significance of the larger matrix is
that you can have a higher resolution object by using the half height
feature or it may simply be used to draw more complex shapes within
the vertical rectangle, If a sixteen line picture (data changes) is
required, the start position for the character address in memory must
have the lower bit (DB3) at a logic zero to allow STIC to
consecutively address sixteen eight-bit words. The data patterns
within the memory must be organized to allow sixteen line characters
to occupy two consecutive eight byte blocks within the graphics memory
area, (STIC provides the lower four bit binary, current line address
to memory rather than a three bit code as used in eight line
pictures).

The ninth bit controls ther vertical size of the minimum picture
element PIXEL. Throughout the description of AY-3-8900 character
display capabilities, the minimum picture element, PIXEL, is defined
as a "square" having a timed width equal to the period of the
reference crystal, approximately 250 nSec., and a vertical height of
two drawn lines on a non-interlaced 312 line half frame., The
“foreground" or "moving" objects have a half height control which
allows a pattern change on all drawn lines instead of every second
line, and this reduces the minimum PIXEL to 250 nSec by one drawn
line. The ninth bit control, if set to a logic 1, causes the
corresponding moving object to be drawn over eight video lines instead
of the normal sixteen lines.

Sl%ﬁ E'\' m MICROELECTRONICS GROUP SREC. NO. g"s'“’o“
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6.2 cont.

The eleventh and twelfth bits respectively control the X and Y mirror.
The tenth bit controls Y zoom and operates in a binary manner with the
1 or 2 line select bit to provide a vertical selection of 1, 2, 4, or
8 drawn lines before a data change.

be sixteen data lines times 8 which 1s 128 visible lines.

The vertical position bits are designated as follows:

12 11 10 9 8 7 6 5 4 3 2 1
[ =
ertical position of object
or 16 Tine picture sequence
ertical dot size 1 or 2 line
Zoom in Y
irror in X
lirror n Y
BIT 10 BIT 9
0 0 Data change each line
0 ! Data change every two lines
1 0 Data change every four lines
1 1 Data change every eight lines

The maximum height object would
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FOREGROUND OBJECT IDENTIFICATION ANG CONTROL

Locations (20)g through (27)g within STIC store the object library
address bits and the color and control information for the eight
foreground objects. The lower three bits select a 1 of the first 8
available colors. The next 9 bits are the character start address
from a library of 512 possible characters. The thirteenth bit
operates in conjunction with the three color bits to give a 1 from 16
color selection. The fourteenth bit controls the display priority of
that particular foreground object relative to the background. A logic
zero in this bit allows the foreground object color to replace any
background character where there is an overlap of the drawn image.

The foreground objects themselves have a related priority in that a
lower numerical object has a higher visible priority that a higher
numerical object, i.e, object zero takes precedence over all other
objects, object one covers all except zero, etc. The priority draw is
conditional upon the object being visible., If an invisible object has
been programmed it can be interactive with all other objects but it
will not enter the priority draw logic. This stops invisible
foreground objects from producing a 'negative' effect if it has a
priority over any background character which it may overlap.

The effect of priority defines who should control the color display on
areas which overlap. Because the priority may be changed on any hailf
frame, this may be used by the programmer to produce a three
dimensional effect of objects being in front of some background
displays and behind others. The identification and control words are
designated as follows:

4 13 12 1 0 8% @8 7 6 8§ & 3 2 |1

MKL1 | MK2 CHARACTER START ADDRESS g2 | C1 | €O
BIT FUNCTION LOGIC O LOGIC 1
MK1 Priority Control Foreground Background
MK2 Color Control Group A Group A and B

. E REV
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6.4  FOREGROUND OBJECT COMPUTER CONTROL

The CPU must accept the 8900 STIC with a memory map of Og to 77g.

In general mast words or bits are read/write but there are some
exceptions. The bit controlling the CPU release of the 14 bit bus
called 'Special Bit', is write only to the CPU. The interaction words
at (30)g to (37)g are set by the STIC and can set or be reset by

the CPU.

There are three words controlling each of the eight foreground
objects, an X coordinate, a Y coordinate and an object descriptor.

6.5  FOREGROUND OBJECT INTERACTION

Moving Objects - During display of the active picture, all interactive
objects are optionally inspected for overlap with other interactive
objects. An "overlap" is defined such that a logic 1l or active area
of one object is overlapped on a logic 1 of any other object. Either
or both objects may be invisible.

[f an overlap is detected, the hit signal is stored in an eight word
array positioned at addresses (30)g to (37)g within STIC. The

array is organized as eight by ten bit words and the lower byte is
assigned a matrix with significance relative to the numerical value of
the object. Word zero, bit zero is used for object zero, bit one for
object zero overlapping with object one, etc. The bit apparently
available for an object interacting with itself are wired to a
permanent zero and cannot be set by the CPU.

”s&fa\‘m MICROELECTRONICS GROUP SPEC. NO. 895-10042 RHEV
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Object 0 g} 8/ 6| 61 1] By 6] @] ¥ 8

1 gy 1| @] @} @j o) 11 @) 81 1

2 i] 6] @) @| 1] 6] @] @) @) @

BD - Background Character
BR - Border

Above is a possible pattern within the interaction matrix.

Background Objects - bit nine of the interaction matrix is used to
Tndicate it a foreground object overlapped any background object. A
background object is defined as a character pattern drawn in the
background mode or any color which is not white if drawn in the
colored squares mode.

Border - The eight foreground objects are inspected against a border

window", and if an interactive character is overlapping the edge of
this "window" the tenth bit of the Interaction Word will be set to a
logic one.

SPEC.NO. (CPS-10042
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6.6  COMPUTER CONTROL OF INTERACTIONS

The interaction record area of STIC is set by any shape overlap if the
appropriate interaction bit has been set. The STIC gives control to
the CPU from the start of an interrupt period by issuing SRl. At this
time the CPU can inspect interactions and perform the normal timed
object movement. The STIC is not completely disabled at this time and
it still allows the CPU to pass data to and from the graphics memory
area using STIC logic for timing and control signals. There is a
location within STIC at address 40g which is the CPU-STIC control
known as Special Bit. This location may be reset to a logic zero by
writing from the CPU, and this must occur during the next 6.4 mSec, if
the next half frame is to be drawn by STIC. If the interaction matrix
has not been cleared prior to the STIC being allowed to display a new
half frame, any new interactions will OR with the old data.

6.7  BACKGROUND OBJECTS

The background display of the 8900 STIC system is organized into a
matrix of twenty horizontal positions by twelve vertical positions for
a total of 240 locations. The 240 selection words are accessed in
sequence from external memory,

Each "card" location on the screen is defined completely by a 14 bit
word. The three least significant bits defined the 1 of 8 colors of
the object to be displayed and is used on conjunction with control bit
BK2 (DB12) to product a choice of 1 of 16 colors. The next nine bits
define the character start address from an external library of 512
characters. The individual rows within a character are read
automatically by the B900 using a Y0, Y1, Y2 three line connection.

The top three bits of the word (DB1l, DBl2, DBl3) are control bits
which describe some extra features available during the background
display. There are three modes under which these codes can be
interpreted. Two of these operate on the background color wash and
the third code specifies the colored squares mode. These modes are
explained in greater detail under a separate heading.

The drawing sequence for background characters is defined by timing
logic within the 8900 and control logic within the system RAM. The
system is synchronized by the SRl (interrupt) signal from the STIC,
which is a negative going edge generated one line after the end of
active picture.

REV
5{&%“% MICROELECTRONICSGROUP SPEC.NO. EFl’S-10042
Pq n SHEET




6.7

6.8

Company Confidential

cont.

The CPU accepts this signal as an interrupt request and in sequence it
will issue an acknowledge, INTAK, on the control bus, BCl, BCZ2, BDIR.
The INTAK is decoded by the STIC and used to clock SRl back to a logic
one condition.

The timing of the background data fetching it synchronized with SR2
and SR3. The first SR2 signals the start of STIC time to the 9600.
Subsequent SR2s indicate that a new row of characters has been
requested by the 8900. SR3 is pulsed positive to request each
individual character descriptor.

BACKGROUND MOTION

The entire background field may be moved by programming horizontal and
vertical offset words which are located at address 60g for X and

6lg for Y. These words are of three bits and they are used to

provide an offset of the picture origin by an amount of up to eight
counts in X and Y at the full resolution of the system.,

The non-offset condition is 0, O in the two stores and as the numbers
are increased, the "picture" origin will correspondingly move right
and down, To remove the effect of a "wrap around" display where half
an object is at the top and half at the bottom, or left and right as
the case may be. There are two control bits at address 62g where

bit zero can be set to a one to effectively extend the left hand
border to cover the first column of cards. Bit one is used to extend
the top border to cover the first row. For all conditions other than
0, 0 in the offset words, there will still be a 20 X 12 card display
with fractional cards around the periphery. The X and Y offset and
their control bits are completely independent and may be used in any
combination.,

Note that the origin for the background display and the foreground
positions are locked together and that a moving background will also
move the foreground.

| rs&ﬁm MICROELECTRONICS GROUP SPEC. MO, (12;5-10042
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6.9 COLORED SQUARES MODE

To extend the universal application of the 8900, an extra capability
is provided for more color programmability than the basic one object
on one card approach.

This extra mode 1s colored squares and 1t operates by taking an
individual 8 X 8 card and redefining 1t as four 4 X 4 squares. Each
of the 4 X 4 squares can be programmed separately to one of eight
colors (from Group A). If all the background matrix was selected in
colored squares mode, this would provide an array of 40 X 24 where
each of the 960 squares are separately programmed for color.

The colored square word 1s designated as follows:

A I 2 B ) s 2

| I | L N |

WORD & “WORD 3 WORD 2 “WUFU“TJ

The three color bits of each of the four words directly

defines the color 1inside the corresponding square. The 1% 2
condition of three ones which would be a white square,

is trapped by the display logic and the current back- 31 4

ground color 1s drawn from that square.

BACKGROUND COLOR

There are two modes available which provide control of the background color
wash.” The particular mode selected 1s defined by the CPU writing or reading
address 41g within the 8900. The background color wash mode must remain
stable throughout any particular frame of 240 cards but may be changed during
the CPU interrupt time initiated by SRI.

Mode 1 - If address 4lg is read by the CPU, the 8900 w11l operate 1in the
First background mode. This mode uses a four word, four bit cyclic stack and
a stack pointer. The four words are positioned at 508 - 538 on DBO - DB3
inclusive, and may be accessed by the CPU during the interrupt period
following SR1. The stack pointer 1s controlled by BKl and a logic zero will
leave the pointer at 1ts current position, a logic one will step the pointer
to the next position. The stack 1is a continuous loop and wi1ll carry around
the end position. When the pointer 1s 1incremented the new color wash will
appear on the card which caused the increment.

|
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cont.

The use of the colored squared code in any "card" position inhibits the
action of BKl and redefines it as the C2 control bit, thereby holding the
stack pointer at its current position.

The pointer is reset to the top of the stack at the end of active picture.

Mode 2 - If address 4lg is written to by the CPU, the 8900 will operate in
the second background mode. The 14 bit word is now coded to contain program
information for both the background character color and the color wash behind
that character. This allows the programmer to define a colored “"object" on a
colored checkerboard effect with complete control of any random color changes
necessary.

The recording of the background descriptor to add the background color wash
reduces the character address word to six bits, allowing two further bits for
use in color coding. The three bits of background control, BKl, BK2, and BK3
are also redefined.

s - REV
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BACKGROUND MODES:
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MODE 1:
BK1 | BK2 9 BIT CHARACTER ADDRESS c2|Cl|CO
BK1 BK2 BK3 BACKGROUND COLOR
0 0 X Group A - Current
1 0 X Group A - Next
0 1 X Group B - Current
1 1 X Group B - Next
X 1 0
X 1 0 COLORED SQUARES
DB13 DB12 D811
COLORED STACK
A/B [oF4 Ll C0
' Ee] Ci] LU
COLOR STACK POINTER A/B [ Cl O
A/B el 4 CO
MODE 2:
¢2) B2} B8KI| CL|! CO 6 BIT CHARACTER ADDRESS | C2{ Cl|{ CO
€2, Cl, CO - color code for background wash
BK2 - A/B control bit, operates on color wash and not on character

A logic zero

color for mode two.

selects first option, logic one selects second.

MICROELECTRONICS GROUP
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7.1  BORDER COLOR

The active area of the display 1s surrounded by a colored border. The
border may be drawn 1in any of the sixteen colors, and it may be
programmed by the CPU via a four bit store at address 54g, which 1s
adjacent to the background color storage. The border color 1s
programmed during the interrupt period following SR1 and 1t may be
changed in any half frame.

8.0 STIC TIMING

The basic timing of the device can be segregated into three operating areas.
These areas are directly related to the real time raster scan operation of a
domestic television receiver.

The areas are:

2.
3.

Active drawn Tine
Active line retrace
Vertical retrace period

The Active Drawn Line defines the period when a row of selectable
dots are being drawn on the television screen. During this time a
single video line from a row of "background" characters 1is drawn,
using the control signals SR2, SR3, BAR', DTB' in combination from
an area of external memory.

The visible dot patterns for a "foreground" object are also output
at this time.

The Active Line Retrace 1s the period when the dot pattern for the
individual “"foreground objects are fetched from external memory.
The control signals which are active at this time are BAR' and
DB’ .

The Vertical Retrace Period extends from the last line at the
bottom of the active picture until a period two lines before the
restart of the active picture. The AY-3-8900 indicates the start
of the retrace operation by issuing a negative pulse on SR1. This
pulse 1s used by the external CPU as an 1indication that the STIC
internal memory has finished accessing. The end of the vertical
retrace period 1s signified by a negative pulse on SR2. At this
point, the CPU will lose access to the memory area contained within
the 8900 chip, if special bit has been set. To allow the CPU to
access memory on the 14 bit bus the 8900 chip operates so that the
three lines SDO, SO01, SD2 and YO, Y1 and Y2 can copy bi-directional
under control of the CPU bus BCl, BC2, BDIR.
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9.0 ELECRICAL CHARACTERISTICS

Absolute Maximum Ratings*

Temperature Under Bias
Storage Temperature

A1l Input or Qutput Voltages
with respect to Vbb

Vecc, Vdd & Vss with respect to Vbb

*NOTE:

Stress above those listed under "Absolute Maximum Ratings" may cause

permanent damage to the device.

Company Confidential

0°C to #100°C
-55°C to +150°C

-0.2V to +9.0V
-0.2V to +9.0V

This 1s a stress rating only and functional
operation of the device at these or any other conditions above those

indicated in the operational sections of this specification 1is not implied.

Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

For definition of control signal codes on BCl, BC2, BDIR, please refer to

sheet 3 CPS-10036.
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OPERATIONAL SPECIFICATION

Ambient Temperature

D.C. CHARACTERISTICS

Company Confidential

0°C to «+557C

Vss = 0.0V, Vcc= 5.45V to 5.95V, Vbb = -2.1V to -2.4V

CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS
Bus Inputs
SD0-SD13, YO0-Y3
Logic Low VIL 0.7 Volts
Logic High VIH 2.4 Volts
Leakage 1IK 5 uA VIN = OV to Vcc
Bus Qutputs
SD0-SD12, YO-Y3
Logic Low VOL 0 0.5 Volts IOL = 100uA | +100pf
Logic High VOH 2.4 Vee Volts IOH = 100uA
Control Inputs
BC1, BC2, BDIR,
RSTIN, CLOCK
Logic Low VIL 0.7 Volts
Logic High VIL 2.4 Volts
Leakage [IL 5 uA VIN= QV to Vcc
Control Outputs
SR1, SR2, MSYRT -
Logic Low VOL 0.5 Volts IOL = 500uA | +100pf
Logic High VOH 2.4 Vec Volts IOH = 100uA |
BARL, DTBl, DWs!
Logic Low VoL 0.8 Volts IOL = 100uA7| +50pf
Logic High VOH 2.4 Vee Volts IOH = 100uA |
SR3 _
Logic Low VoL 2.5 Volts IOL = 100uA | +50pf
Logic High VOH 8.0 Vec Volts IOH = 100uA |
S]% [,J\' E ROELECTRONICS GROUP SPec.Na.  (P3-10842
IN | SHEET 18
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D.C. CHARACTERISTICS (cont.)
CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS
Clock OQutputs
g1, 92
Logic Low VOL 0.5 Volts IOL = 1mA +100 pf
Logic High VOH 2.4 Vec Volts IOH = 100uA
Power SupplyCurrent
Vee lce 170 mA at +55°C
Vbb Ibb 3 mA
Note: Input capacitance of all logic pins, 10pf max
VIN= 0VE@ 1MHz.
Not measured during production test.
= REV
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A.C. CHARACTERISTICS

CHARACTERISTIC SYM MIN MAX UNITS CONDITIONS

Clock Input Freaq. fc - - MHz 4.000000 externally
Rise Time tre 30 nSec adjusted

Fall Time tfe 20 nSec

Pulse Width CwC 100 130 nSec

CPU Time

Data Bus (input)

SDO-SD13

Address Set Up tas 150 nSec

Address Overlap tao 30 nSec

Write Set Up tws 400 nSec

Write QOverlap two 200 nSec

SDO-SD2 to Y0-Y2 tdy 125 nSec Data valid at start
bus copy of copy

Data Bus (output)

SD0-SD13

Turn On Delay tda*

Turn Off Delay tdo™

Y0-Y2 to SDO-SD2 tyd 200 nSec Data valid at start
bus copy of copy

BC1l, BC2, BDIR Setup tcs 0 nSec

BC1l, BC2, BDIR Overlap tco 250 nSec

*For a BAR or ADAR within the STIC or GRAPHICS memory address the STIC will perform
a look-ahead READ immediately after the valid address. The following DTB signal 1is
only used to disable the READ sequence at the appropriate time. If a WRITE
sequence is detected the look-ahead READ is disabled in DW time and a valid WRITE
procedure is completed during DWS.

Clock Outputs @1, @2

Rise Time tr 40 nSec
Fall Time tf 30 nSec
Overlap to 0 nSec
Pulse Width tew 170 nSec
Control Turn On

SR3, BARL, DTBI ton 40 nSec
owsl

Turn Off toff 40 nSec

SI%%\‘M MICROELECTRONICS GROUP SPEC.NO.  CPS-10042 AEV
INSTRUR SHEET 20 H
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STIC TIME MIN MAX UNITS

Background Period

Control Signals

SR3 Turn On O 40 nSec

SR3 Turn QOff O 40 nSec

BARL, DTBL, Turn On 0 40 nSec

BARL, DTBL, Turn Off O 40 nSec

Y Bus Drive ¥ 250 nSec

Graphics Bus Read

Set Up DTBIV 200 nSec

Hold DTB! 0 nSec

Foreground Period

SB and Y Bus Drive @V 250 nSec

SB and Y Bus Hold § 4 O nSec

Graphics Bus Read

Set Up DTBL L 200 nSec

Hold DTBL ¥ 0 nSec

. PS- REV
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10.0 PIN CONNECTIONS
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1 Vss 21 2
2 SR3 22 ]
3 DWS' 23 Sp13
4  DTB 24 SDI2
5  BAR 25  SD11
6 BC2 26 SD10
7 BCl 27 sD9
8  BDIR 8 08
9 SRl 29 507
10 30 S06
11 @2 3L SD5
12 SR2 32 $04
13 WSWC 33 S03
14  RSTIN M so2
15 Clock 35 Sp1
16 5 36  S00
17 Vss 37 YO
18 ca 38 v1
19 c3 39 Y2
20 Vee 40 Vbb
"\Eﬁiﬁ % MICROELECTRONICS GROUP ;’:;;:_’ 555-10042




11.0 MECHANICAL CHARACTERISTICS

11.1 PACKAGE DIMENSIONS
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220 2
& - r—
= T i . e s W s s s med
eORx BRNT
2.10 o
2.00 L -
x | R 4 ;
T TT] .18 =7 R N
.100 I : — 03 99 3 ,...._,\r
Ll B, = 2 ST "
. . L9OO _
11.2 SOLDERABILITY

The pins on this integrated circuit package meet solderability as
given 1n MIL-STD-883B Method 2003.2 with the exception of Paragraph

3.2, Aging.
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| MATTEL INTELLIVISION SYSTEM USE TEST

I This unit test has been devised to allow the Mattel Intellivision System to be
self-tested using specially programmed test cartridges, (Board Number 39-121 Rev.

E or equivalent) consisting of R0-3-9504-207. Individual kits of IC's are tested
as complete systems on an Incoming Material Inspection (IMI) Station, which

| consists of Logic Board 39-133 Rev. X1 (or substitute mutually agreed upon by
General Instrument and Mattel) with Z.I.F. lever sockets in place to test the
various General Instrument supplied IC's. The test board also contains power

| supplies capable of switching over the range of Vpp, V¢c, VBB-

I The following test procedure is to be iterated over appropriate combinations of
the supply voltages which are:

| Voo

= 11.64 to 12.36V
J fgr = 4,85 to 5.15V
Vgg = =-2.1 to -2.4V

| Vg for AY-3-8900-1 = Vg + .7% .1V

After connecting the IMI test board to a color T.V. receiver and plugging in the
120V line, insert the self-test cartridge and turn the test board power switch on,
switch to the R0-3-9504 003 IMI ROM pair.

Depress reset with no switches depressed on the left hand controller. This will
immediately bypass the hand controller test and proceed to the automatic tests
(Step 3).

In order to initially test the hand controllers, depress buttons 1 and 7 on the
left hand controller and depress the reset switch. An individual test menu will
appear. Depress the enter switch on the left controller.

1. Then observe the picture on the T.V. screen (Fig. 1). The test is to verify
the color bars generated on the bottom of the screen. Each color should match
the corresponding color given in Fig. 1. Missing colors or any serious
variation of the picture may require a recalibration of the oscillator
frequency Pin 15 for 3.579545MHz *10Hz. Adjustment may be obtained by the
variable capacitor on Pin 2. After recheck of picture with correct frequency
on Pin 15, the video should match Figure 1 or the AY-3-8915 is rejected.
NOTE: The video signals generated by the AY-3-8915 are intended to be the
video input of an R.F. modulator, for use on a T.V. receiver designed for the
reception of N.T.S.C. transmission standards as adopted by the F.C.C. As a
result of there being no absolute standards for color production, the colors
as defined here are relative and subject to individual interpretation.

= REV
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2. This part of the test is a manual check on the controller functions as inputs
through the two [/0 ports on the AY-3-8914 sound generator.

a. Depress each number button on both controllers sequentially, then depress
the buttons on the edge of each controller for fire and left and right
controls. As the buttons are depressed, the appropriate numbers, plus
fire, left and right indicators on the screen should turn from yellow to
white to indicate verification. NOTE: The fire buttons are ganged in the
controller and both F indicators will turn from yellow to white on the
screen when either fire button is depressed.

b. Depress and rotate the directional pad on each controller. An arrow will
appear on the pad outline on the screen indicating corresponding position !
depressed. Both controllers should be tested in the same manner.

c. Depress the numbers 1 and 9 simultaneously on either controller and the
self-test will then proceed to the automatic testing.

3. The T.V. will show various patterns as the test runs by itself. Failures in
the DUT may show up as various written failure statements on the screen, or
the program may stop the timer indicator and/or blank out the entire picture.

4, After the automatic tests are through, a sound test is begun:

a. A note starting at a high octave, stepping down through five octaves,
three consecutive times. This checks each of the three analog outputs.

b. A random noise (or hiss sound) starting at high frequency noise and
decreasing to lower frequency noilse. This tests the noise generator.

c. A single-tomne starting at maximum volume and decreasing in steps. This is
a check on the amplitude control,

d. Two gunshot sounds, one at full volume and one at half volume. This tests
the envelope shape and cycle control.

|
<

SPEC.NO. CPS-10043

MICROELECTRONICS GROUP p
SHEET 0

' INSTROMERT




Company Confidential

5. Near the end of the self test the screen should display four lines of eight
distinct colors with an overlapping stack of eight squares, each a distinct
color also (See Fig. 2). The operator must make a visual check on the colors
and shapes produced. Depression of the clear button accepts the display test.
Depression of the enter button fails the display test.

6. The next test consists of watching for the words "MODE TWO" being alternately
displayed with the colored squares pattern detailed in Fig. 3. Depression of
the clear button accepts the test, depression of the enter button fails the
test.

7. The next test is to check for the display of "F/B" and "VIS" to be alternately
flashing. Depression of the clear button accepts the test. Depression of the
enter button fails the test.

8. The successful end of the test will transfer control to the Baseball Cartridge.
Observe title page. Press disc, note dispersal of players. Make one pitch, move
the catcher, reset, observe title page. If any anomalies are noted during this
entire sequence, the chip set fails.

9. If a failure has occurred in any step of the program, replace the chip
indicated to have failed until the system passes as per Step 7 above.

p - EV
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STIC IMI ERROR CODE STATEMENT LIST

CODE FAILURE MECHANISM

GROM checksum error

Low 2K executive ROM checksum failure
High 2K executive ROM checksum failure
STIC memory failure

Memory Failure - low order GRAM

Memory Failure - high order GRAM'

9600 Memory Failure

Scratchpad Memory Failure

8914 Memory Fallure

Interaction Test

Type of 9502 and 9504 mismatch

Object not displaying completely
Colored squares quadrant select fail
Offset test fail

Zoom 1n X fail

Zoom n Y fail

Mirror in Y fail

Mirror n X fail

Full/half height fail

8/16 line sequence fail

Background color stack, moving object priority, colored
square fail, (operator decision)

Sound quality (operator decision)
Visible/Invisible, foreground priority (operator decision)
Mode One/Mode Two (operator decision).
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COLOR BAR GENERATION
l. Black 9. Gray :
2. Blue 10. Cyan
3. Red l11. Orange
4, Tan 12. Brown
5. Grass Green 13. Magenta
6. Green 14, Lt. Blue
7. Yellow 15. Yellow Green
8. White 16. Purple
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COLOR CHECK
1. Black
2. Blue
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1.0

2.0

5.0

4.0

B.0

6.0
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SCOPE

This Customer Procurement Specification (CPS) covers the R0-3-9505 MOS ROM
247

CIRCUIT FEATURES

Mask programmable storage providing 4096 X 10 bit words.
- 16 bit on-chip address latch
- Control decoder

- Programmable memory map circuitry to place 4K ROM page within 65K word
memory space located on 4K page boundaries.

AMENDMENTS

This CPS may only be amended by a written agreement between the parties.

ELECTRICAL ACCEPTANCE SPECIFICATION

The circuit must function within the range of electrical parameters given 1n
this CPS.

CIRCUIT REQUIREMENTS

The R0-3-9505 operates as the program memory for systems using a CP1600
series microprocessor.

It is configured as 4096 X 10 bit words and contains several features which
reduce the device count in a practical microprocessor application.

OPERATING DESCRIPTION

The 9505 contains a programmable memory map location for 1its own 4K page and
if a valid address 1is detected, the particular addressed location will
transfer 1ts contents to the chip output buffers. If the control code
following the address cycle was a Read, the 9505 will output 10 bits of
addressed data and also drive a logic zero on the top 6 bits of the bus.

EUN% MICROELECTRONICS GROUP seEc.uq. (2510047
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6.1  INPUT CONTROL SIGNALS

| BOIR  BCl  BC2  EQUIVALENT SIGNAL

I 0 0 0 NACT
0 0 1 IAB
0 1 0 ADAR
0 1 1 0T8
I ] 0 0 BAR
1 0 1 DWS
1 1 0 DW
| 1 1 1 INTAK
7.0  ELECTRICAL CHARACTERISTICS
l Absolute Maximum Ratings*
I Temperature Under Bias 0°C to +100°C
Storage Temperature =55%C to #150°C
I A1l Input or Output Voltages
with respect to Vss -0.2V¥ to +#9.0V
I Vcc with respect to Vss -0.2V to +9.0V

l *Note:

Company Confidential

RESPONSE

NACT

ADAR
0T8
BAR

BAR

Stresses above those listed under "Absolute Maximum Ratings" may cause
I permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those

indicated in the operational sections of this specification is not implied.

I Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

CPS-10047
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OPERATIONAL SPECIFICATION

Ambient Temperature

’ D.C. CHARACTERISTICS

Vcc= +4.85 to +5.15V, Vss = 0.0V

’ CHARACTERISTIC

Company Confidential

G°¢ to #557C

SYM MIN MAX UNITS CONDITIONS
| Inputs
Input Logic Low VIL 0 0.7 Volts
Input Logic High VIH 2.4 Vcc Volts
Input Leakage IIL - 5 uA VIN = 0V to Vcc
CPU Bus Outputs
Qutput Logic Low VoL 0 0.5 Volts IOL = 1.5mA
Qutput Logic High VOH 2.4 Vec Volts IOH = 80uA | +150pf
Supply Current
Vce Supply Bee - 75 mA at +55°C
¥ REV
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A.C. CHARACTERISTICS

CHARACTERISTIC

Inputs

Address Set Up
Address QOverlap

CPU Bus Ouputs

Turn ON Delay
Turn OFF Delay
Access Time

s

tas
tao

tda
tdo
tac

MIN

300

80

Company Confidential

MAX UNITS CONDITIONS
nSec

65 nSec

350 nSec

250 nSec

1.5 uSec

Note: Input capacitance of all logic pins, 10pf max VIN=0V @ 1MHz
Not measured during production test.
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| 8.0 PIN CONNECTIONS
| 1 vce 15 Vss
2 No Connection 16 0B7
3 No Connection 17 0B6
4 DB15 18 No Connection
B No Connection 19 0B5
6 0B14 20 0B4
7 DBI3 ) 21  DB3
8 DB12 22 No Connection
g DB11 23 DB2
10 DB10 24 DBl
11 No Connection 25 DBO
12 0B9 26 BDIR
13 DB8 27 BC2
14 No Connection 28 BC1
m&%m MICROELECTRONICS GROUP ;‘:;E'f"_’ gps-10047 A

FOQM 1102 (4/R2)
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9.0 MECHANICAL CHARACTERISTICS

9.1 PACKAGE DIMENSIONS

R SR mR O Sm SV AR SR SR ST FR SR SR E .

|
|
495 |
.m' m
™
\Es o BY B3 EP e GF e =N ws EY B w oty
INDEX POWT
. .0l MaX TYP
END FLASH
SEATING
:’% T”-ﬁ‘
%1’%**

9.2  SOLDERABILITY

The pins on this integrated circuit package meet solderability as
given in MIL-STD-883B Method 2003.2 with the exception of Paragraph
3.2, Aging.
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EXHIBIT €

Shipment Schedule: Game Sets and Cartridge Sets (000)

GAME SETS CARTRIDGE SETS

MONTH Min. Cum. Max. Cum. Min. Cum. Max. Cum.
1981 Nov. 178 175 175 178 1100 1100 1100 1100
Dec. 150 525 178 350 700 1800 950 2050

1982 Jan. 125 450 178 535 400 2200 750 2800
Feb. X758 625 200 725 700 2900 1200 4000

Mar. 19 800 225 950 700 3600 1200 5200

Apr. 175 975 225 1175 700 4300 1200 6400

May 175 1150 2385 1410 500 4800 1200 7600

June 178 1828 238 1645 500 5300 1200 8800

July L7S 1500 230 1875 500 5800 1000 9800
Aug.* 165 1665 230 2105 400 6200 700 10500
Sept. 170 1835 238 2340 300 6500 700 11200

oct. 165 2000 235 2575 300 6800 600 11800

*All Cartridge Set orders scheduled for shipment after August 1,
1982 will be completed with the shipment of one 40K ROM, except as

otherwise requested by Buyer.
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EXHIBIT E

Procedure for Handling Requests for Return of Rejected Products
from Buyer's Subcontractors and MEL:

1. Once a month Buyer and Seller shall meet to inspect and verify
the test equipment calibration and procedure at Buyer's sub-
contractors and MEL. 1If, during the term of this Agreement,
Seller verifies that on a continual basis more than 10% of the
individual units of the Products rejected by Buyer meet the
Specifications, the parties will confer to develop the correc-
tive action to be taken.

2. Buyer (Mattel/California) may request RMA numbers from Seller
(Hicksville) on the first and third Mondays of each month (or
more frequently if required) for all Buyer's "ship to" destin-
ations. Each RMA request will contain the following informa-
tion:

(a) Part numbers of the rejected Products.
(b)Y Reason for failure.
(c) Date code of the Product(s) to be returned.

(d) Quantity of Game Sets, Cartridge Sets or individual parts,
whichever is applicable, to be returned.

(e) Location from which rejected Products are to be returned,

Radofin, Grandex or MEL and/or other sources as may be
created.

(f) If Products rejected at Buyer's incoming inspection, pur-
chase order number against which rejected Products were
shipped.

3. Seller will process the RMA request and advise Buyer (Mattel/
California) within five (5) business days of the RMA number
and, if applicable, the "ship to" destination of the rejected
Products.

4. Shipping instructions for Taiwan (Grandex) will be as follows:
(a) Grandex will, via telex, inform Buyer (Mattel/Calfornia)
and Seller (Kaohsiung and Hicksville) of RMA number, ship
date, waybill, guantity, part number and method of ship-
ment.

(b) Seller (Kaoshiung) will generate a proforma invoice to
clear Products through Taiwan customs.

(c) Rejected Products are to be returned freight collect.

(d) Grandex will endeavor to ship rejected Products within



ten (10) days after issuance of an RMA number. Seller
will not be required to ship replacement Products until
rejected Products are received.

Shipping instructions for Hong Kong (MEL and Radofin) will be
as follows:

(a) Seller (Hong Kong) will pick up the rejected Products
within five (5) business days after issuance of RMA num-
ber. If rejected Products are not picked up within said
five (5) business days, Products may be returned to Sel-
ler (Kaoshiung) freight collect.

(b) Seller (Hong Kong) will generate a proforma invoice to
clear Products through Taiwan customs and return the re-
jected Products to Kaohsiung.

Rejected Products (and only the rejected parts in a kit) will
be labeled or coded by each subcontractor or MEL to indicate
point in the test cycle at which Products failed. Labeling
or coding should not obstruct legibility of date code.

Buyer (Mattel/California) will promptly issue a replacement
order for all Products returned under an RMA number at time
RMA number 1is issued by Seller.

The unit price applicable to rejected Products and the re-
lated debits, credits, replacement orders and rebillings will
be governed by Note 8 of Exhibit A. All debits and credits
to be exchanged between Buyer (Mattel/California) and Seller
(Hicksville) only.



EXHIBIT F

(1) General Instrument Mask Numbers Covered by Paragraph 12:

- 30203 (CprU) - 32026-003 (Graphics ROM)

- 32040 (RAM) - 32035 (Color)

- 32024 (STIC-1.S5.) - 32022-115 (Sound)

- 32027 (STIC-EUROPE) - 32038-XXX (20K Cartridge ROM)

32046-XXX (40K Cartridge ROM)
32121-AAA (40-1/4K Exec. ROM)

- 32025-XXX (20K (Low) Exec.ROM)
- 32038-YYY (20K (High) Exec.ROM)

(2) Royalties To Be Paid By Mask Number In (l) Above On Sales By
Each Second Source:

- First $2 million 7-1/2%
- Next $2 million 5%
- Thereafter for all sales

through 12/31/84%* 2-1/2%

*After 12/31/84, no further rovalties will be payable.

(3) Technical Information to be Supplied Pursuant to Paragraph 12:

- Calma tapes

- Sentry Test Tapes, Sentry Load Board Drawings or Test Program
(specifications if tapes are not available for subcontractor
test equipment).

- Customer Procurement Specifications

- Process Parameter Specifications

- Marking and Bonding Diagrams

(4) Additional Technical Information to be Supplied Pursuant to
Paragraph 12(d)

- Timing and Logic Diagrams
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GENERAL INSTRUMENT CCRPORATION
MICROELECTRONICS GRCUP
STANDARD PROCEDURES MANUAL

THPLE; WEEKLY BURN-IN OF KEY PRODUCTS SP! NO.: L4526
WRITTEN BY: Group Staff EFFECTIVE:  10/26/21
A\PPROVED BY: Group Statf REVISED:

1.0 PURPOSE
To provide a consistent prdcedure for the weekly burn-in of Key Products.
2.0 SCOPE

Microelectronics Front End Facilities, worldwide.

3.0 PROCEDURE

3.1 It is important to provide a consistent weekly measure of key product
reliability.

3.2 The weekly measure will consist of a full functional stress at an
elevated temperature, typically 125°C, unless design/packaging
considerations dictate a lower temperature.

{0V
w

Every week a sample of 54 units that have passed final test will be
randomly drawn from recant production and placed on test.

3.4 Readouts will be done at 24_: 2 hours and 168 + 4 hours.

Functionally failed (not DC) units &t 24 hours will be left in test
and retested as part of the 168 hours test. Fails at 168 hours will
be sent to failure analysis for electrical and physical failure
analysis. A monthly tabulaticn of the key modes of failure will be
issued as part of the Quality Manager's Letter.

)
U

fREV

45
[NS% \mcaosl_smomcs GROUP SP1 44526
| SHEET ° A

_ORM SPi-2 (2/81)



3.6 The datz from the weekly burn-in will be reported on z monthly besis

3.7

as part of the Quality Manager's Letter. Two charts will be
provided:

1. Cumulative percent fezllout at 24 hours versus week
perioas.

2. The failure rats

i %K Circuit Hours).
The failure rate is esti

urs (
he following eguation:

FR (2/Khr) = ng x 105
144 x N - 72 x ng
Where:
ndg = Number failing &t 168 hours minus number failing at 24

hours.

N Number surviving at 24 hours.

This failure rate is plotted versus the same week periods as in Char<
Number 1. !

The 24 hour readout will provide & measure of the early fail portion
(infant mortality) of the bathtub (instantaneous failure rate versus
time) curve. The second curve will provide between 24 to 168 hours an
estimate of the flat (constant) failure rate portion of the bathtub
curve.

An example of the plots is attached (Figure No. 1).

The stressing will be done on key "bell weather" products as specified |
either by CPS or by Management. Normally, the key products will be

the high volume items for a wafer module. It is anticipated that,
tvpically, there will be only one or two such "bell weather" products
per plant and that they will remain the same products over extended
periods so that a cohesive history is obtained.

4.0 RESPONSIBILITY

4

9

-

It is the responsibility of Quality Control &t each front end facility
to perform the weekly burn-in and assure that the correct procedures
are followed.

GENERA!I, MICROELECTRONICS GROUP

SPI- 44526 REV

SHEET ° A

t 3™ SPI-3 (2r81)
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EXHIBIT H

QUALITY AND RELIABILITY PROGRAM CONTAINED IN THE
"MATTEL/GENERAL INSTRUMENT DISCUSSIONS" (BLACK BOOK)

DATED DECEMBER 1, 1981



MATTEL/GENERAL INSTRUMENT

QUAITY ANZ RELIABILITY PROGRAM

Novemper 1281 through May 1982

BBIEETIVES
0 Reduce kit incoming inspection rejection rate to 1l%.

0 Reduce Mattel kit assembly/test/burn-in fallout to 5% of
kits accepted.

0 Reduce post Mattel burn-in operational failures, due to
EST k&, to 3%

PRESENT STATUS

Gross (that is "non-failures,” and assembly/test damage not removed
from numbers).

0 Kit Incoming Inspection 2%.
0 Kit Assembly/Test/100% Burn-in fallout 18%.
0 Reported Post Burn-in Operating Failures due to LSI kit 6%.

(REFERENCE EXHIBITS I THRU VII ATTACHED).

PROGRAM MANAGER

0 Bob Jones (career history, Exhibit VIII).

0o Full time until objectives are achieved.

MAJOR SUPPORT ASSIGNMENTS

o Dave Trindade and Al Adell for design of experiments.
0 Bill Churchill for Chandler detailed follow.
0 Roland Henderson for Mattel detailed follow.

o 8111 Giles for Kaohsiung detailed follow.



PROGRAMS
FE S T T g_(_lM\--o.‘l"QNQ_LCC R

INSPECTION 0 .
kvl wevnal

' PROGRAM A - KIT

INCOMING

- Eliminate IMI as a 100% final test/kitting requirement

i uby % /|
P@J» g A \ ~;’]‘-x:‘.‘»’«.‘;cr,:
” ;

J =

CORRECTIVE ACTION PROGRAM

INCOMING KIT REJECTION RATE - 2%

CAUSE: MANUAL (IMI) TESTING/CORRELATION
PROJECT RESPONSIBILITY COMPLETION DATE
A.1  REVISE GPS'S *D. HARROWER FEBRUARY 1, 1982
A2 REVISE SENTRY PROGRAMS
RAM W. CARTER MARCH 1, 1982
STIC (DEFINITION) R. SIMON FEBRUARY 1, 1982 (TASK
CrPU L. ROZEK MARCH 1, 1982 DEFINITION)
ROMs - PROGRAM E. NEWTON MAY 1, 1982
ROMs - GRAPHICS E. NEWTON JUNE 1, 1982
SOUND CHIP W. CARTER MAY 1, 1982
*Direct test program modification effort
A.3  IMI FAILURE/CORRELATION W. GILES ON-GOING WITH THE ABOVE

REWORK/MODIFICATION ABOVE

AS REQUIRED IN APRIL-
SEPTEMBER TIME PERIOD



P
~ny

PROGRAM B8 - KIT ASSEMBLY/TEST/100% BURN-IN FALLOUT

- HARD FRILURES ( PRGECT B.1)

CORRECTIVE ACTION PROGRAM

HARD FAILURES - 41% OF TOTAL CHIP FAILURES

CAUSE: WORKMANSHIP DEFECTS - PRIMARILY METAL DAMAGE (75% OF TOTAL)

COMPLETICN
PROJECT RESPONSIBILITY DATE
IMPLEMENT IMPROVED WAFER C. STOCKSON 11/30/81
PACKING AND SHIPPING TO
KAQOHSIUNG
DETERMINE SOURCE OF METAL F. STRNAD/ 11/30/81
DAMAGE BY PROCESS STtP F. HALLMAN
(See action plan attached)
IMPLEMENT CORRECTIVE M. STRNAD/ 01/04/82
ACTIONS REQUIRD IN F. HALLMAN
WAFER MODULES
DETERMINE SOURCE OF METAL €. STeCKSON 12/01/81
DAMAGE AFTER WAFER
PROCESSING
IMPLEMENT CORRECTIVE C. STOCKSON 12/30/81
ACTION RzQUIRED - PROBE,
SHIPPING, KAOHSIUNG ASSEMBLY
(See action plan attached)
MONITOR METAL DAMAGE AT C. STOCKSON - CHANDLER --CONTINUOUS--
CHANDLER AND KACHSIUNG W. GILES - KAOHSIUNG

TO DETERMINE QUANTITATIVE
[MPROVEMENT



BT

8.1.8

CORRECTIVE ACTION PROGRAM

HARC FARILURES - CONTINUED

COMPLETION

PROJECT RESPOINSIBILITY DATE
EFFECTUATE CORRECTIVE ACTIONS R. JONES/ CONTINUCUS
BETWEEN KAOHSIUNG, CHANDLER, R. HENDERSON

HONG KONG, TAIPEl FOR OTHER
WORKMANSHIP PROBLEMS; TEST,
ASSEMBLY DIE RELATED

PILOT LOT 100% AND 200% VISUAL

SCREENED 7O QC! 30014 and 300S3 W. GILES/ 3/15/82
ANO KEPT SEPARATE BY "RED D. TRINDADE

DOTTING" THROUGH MATTEL

ACCEPTANCE THROUGH SHIPMENT

GYCLE.

IF RESULTS OF EXPERIMENT #10
ARE POSITIVE, FURTHER TIGHTEN
PRE-CAP VISUAL SCREEN (LABOR
RESOURCES AND EQUIPMENT WILL
BE SUPPLIED).



(oY)

SOFT FAILURES (PROJECT B.2)

CORRECTIVE ACTION PROGRAM

SOFT FAILURES - 42% OF TOTAL CHIP FAILUR

m

S

CAUSE: EXPOSED GATE OXIDES - POOR OVERCOAT INTEGRITY

PROJECT RESPONSIBILITY

PRELIMINARY EVALUATION OF R. MUSA
FLOOD IMPLANT TO ELIMINATE
EXPOSED GATE OXIDE PROBLEM

(See action plan attached)

IMPLEMENT FLOOD IMPLANT FOR M. STRNAD
STIC AND RAM
DEFINE AND ESTABLISH ON- W. CHURCHILL

GOING MONITOR FOR PYRO
INTEGRITY (See action plan attached)

DETERMINE CAUSE AND M. STRNAD/
REQUIRED PROCESS MODIFICATIONS F. HALLMAN
70 PASS) BYRD INTEGRITY TEST

IMPLEMENT PROCESS FOR M. STRNAD/
IMPROVED PYRO F. HALLMAN
DESIGN AND TOOL DETECTOR D. BUTLER
CIRCUITS IN EACH DIE OF 32040

TO SCREEN MISALIGNMENT

ELECTRIALLY

EVALUATE TEST PROCEDURE R. MUSA
FOR SCREENING

INCREASE BURN-IN POSITIONS W. CHURCHILL

COMPLETION
DATE

11/30/81

03/01/82

COMPLETE
(QCI 30343)

12/18/81

01/04/82

11/11/81

12/28/81

300 12/01/82
600 02/01/82



B.2.9

8.2.10

B.2.11

B.2. .12

CORRECTIVE ACTION PROGRAM

SOFT EAILURES - CONTINUED

PROJECT RESPONSIBILITY
PREPARATION OF A NUMBER OF M. STRAND/
KITS WITH STIC/RAM IN 0. TRINDADE

NITRIDE OVERCOAT KEPT SEPARATE
BY "YELLOW DOT" THROUGH MATTEL
ACCEPTANCE THROUGH SHIPMENT CYCLE

PREPARATION OF A NUMBER OF KITS W.
WITH STIC/RAM IN HERMETIC PACKAGES D.
(SAME TEST CYCLE - “BLUE DOW™).

EVALUATION OF A NUMBER OF KITS R.
WITH STIC/RAM BURNED IN (SAME
TEST EYCLE - “RED BOTY),

PREPARATION OF A NUMBER 0OF KITS W.
WITH STIC/RAM IN LOW CHLORINE D.
COMPOUNDS (SAME TEST CYCLE -

"WHITE DOT").

GILES/
TRIND ADE

HENDERSON

GILES/
TRIND ADE

COMPLETION
DATE

3/1/82

3/1/82

1/15/81 FOR
THE PRESENT
TEST OF 2600
DEVIECES. STIE,
RAM, CPU

4/1/82



- TESTED/USED QUT OF €25 LINMITS (PROIZCT 8.3

MATTEL

REQUIRES CHIP SE7 TO FUNCTION IN 40 DEGREES CELSIUS AMBRIENT

TESTS INDIVIDUAL Ci4IPS ON AUTOMATIC TESTER AT TEMPERATURE
EMPIRICALLY DETERMINED TO ASSURE 40 DEGREES CELSIUS CHIP SET IMI
FUNCTION

REQUIRES CHIP SET TO OPERATE IN INTELLIVISION WITH SEALED CHASIS
AMBIENT - CHIP &1 AT 50 TO 60 DEGREES CELSIUS AMBIENT

WC
1247 48N



831

BES 2

8.3.3

B.3.4

TESTED/USED OUT OF CPS LIMITS

(R0 ECT 2.3) -

PROVEET

RECALIBRATE INTELLIVISION
OPERATING ENVIRONMENT

RECALIBRATE CHIP “CPS
AMBIENT" TO SUIT THE
ACTUAL OPERATING
ENVIRONMENT

REDO CPS'S 70 CONFORM TO
THE ACTUAL OPERATING
ENVIRONMENT

REDO COMUTER TEST PROGRAMS
AND RAIL TEMPERATURES TO
CONFORM

RESPONSEBNEY

R. HENDERSON

R. HENDERSON

0. HARROWER

D. HARROWER &
VARIOUS OQTHERS

COMPLETION
DATE

12/3/81

12/3/81

2/1/82

THRY 6/1/82
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° PROGRAM € - 20ST BURN-IN OPERATING LIFE FAILURES

ANl ymE mEme oA R TR T et d
- “-lf‘-;{h- ol ?— --k' n=rls S O

ﬂ""::\AT C = B

70 ASEEMBIMIMEST/INGS BOIRW-IN :MIDRLITY .

PROJECT RESPONSIBILITY

MONTHLY RETURNS FROM MERC

CSTABLISH MONTHLY REPORT
(FIZLD FAILURES AND DATE CODES)

ESTABLISH ROUTINE ANALYSIS
PROCEDURE (AND STAFFING)

ESTABLISH MONTHLY REPORT
(FAILURE ANALYSIS MODALITY:
FIELD AND INTERNAL)

R. HENDERSON

R. HENDERSON

W. CRURCHILL

W. CHURCKILL

HliRE

1/4/82
ON GOING

1/18/82

1/4/82

2/1/82
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CONBETIONS: 25 DEGRES
(ENCLOSED GAME)

JUN JUL. AUG. SEPT 0CT.
RAM 2.0 B 7 1.0 1.5 2.0
STIC 1.0 1.0 1.0 2.0 1.5
TOTAL 6.5 7.3 4.5 5.0 5.3
KAOHSIUNG
CONDITIONS: 40 DEGREZS C - NO PRE SCREEN
(OPEN GAME)
JUL.- 1000 HR. 0CT. - 500 &R.
RAM 8.0 8.0
§TIc 10.0 5.0
TOTAL 20.0 18.0
CHANDLER
CONTITIONS: 125 DEGREES 7 - NO PRE SCREEN - 100 HR. SIMILATE
APPLICATION
MAY JUN. Jui.. AUG. SEPT.
RAM  17.3% 5 3% I Z.5% L5%
STl@ 55 8.7 2.8 1.0 2.3

WC/RH
12y 481



EXHIBIT V

MATTEL IN-2RQCESS KIT FALLOUT

TOTAL LINE XIT FALLOUT 18 PERCENT
(83 PERCENT OF LOSS AT POST BURN-IN)

THROUGHPUT LOSS DUE TO FAILURE OF:

RAM E£S] 40 PERCENT

STIE LS T 30 PERCENT

cPU ST 12 PERCENT

SOUND ES] 7 PERCENT

OTHER FOU LSI 11 BERCENT
1007 N
WC

12/1/81
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ANALWSIS OF INDIWIDUAL L83

TESTED/USED BY

HARD SOFT CUSTOMER OUTSIDE
Lsl FAILURES FAILURES OF CPS EIMETS JOTAL
RAM 20% 60% 20% 100%
SHLC 42% 42% 16% 100%
cpu 64% 16% 20% 100%
SOUND 88% 8% 4% 100%
OTHER FOUR  55% 25% 20% 100%
WC

12/1/81
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RESUME
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[ LS B \1ie R co===i.C
ice EC
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SUMMARY:

Twenty-three years of semiconductor experience in manutacturinc anc operztions
management (Front-Ind/Back-Ind), manufacturing, process, product and design
encineering functions.

EAB

'l'l

RIENC

m

General Insirument Corocrztion, Microelecironics Division
[1C7€ tc Present)

Operztions Manacqer, Hicksville Plant
(June 189, 1S7& - Janaury 1, 1580)

Responsibilities: Tnhe coorcinetion and direction of Back-Inc Tunctions
(Assempliy, iest, Product Encineering, Customer Service, Production
Control). During this tenure the coordination of these Back-Inc functions
resulted in major organizational accomplishments through discipiine with
positive resulting customer satistactions.

Plant Manager, Hicksville Plant
(January 1, 1980 - Octoper 1, 1581)

Responsibilities: A1l site functions. Wafer Fab, Photomask, Assemtiy,
Test, Product zngineering, Customer Service, Production Control. 1In
addition, in the absence of the Vice President & Division Generzl Manager,
for a period of fourteen months wnile that Manager was on of7-site
assignment, the Plant Managers' pcsition had the administrative responsi-
pility of managinc merketinc, sales and design engineerinag.

-t

nt tc the Denuty Group EZxecutive
981 - Present)

ISS

As
DDER

e L2
- ﬂl

is
l

[l I

ok
Oc
Responsibilities: Worlcwide impiemen o)
new mocu. ar development, constru geion. pr
for guality and prodousivity accomeli sime

n, coordingtion anc cirsciion o7
ccess,activavion ang statiing
m=c
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RCA, Solid State Divisien

(1966 to 1278]

Nivrector, MOS Zncineerinc {(Somerviile, New Jersev;

i1 Year,
Zzsoonsibilities: Frocess csvelscment anc imorovement, packace
tecnnc.ocy, test techneclogy, anc gesigcn autometion., Mzlor accom-
nlishments: (&) directed & task force effort thet within six moninhs
resoived & reliabilitv oroblem existing for six veazrs, (b} instzlled
productivity measuring tools and discipline within the MOS encineering
organizations (c) selectively reducec cycle time by & Tactor of 30%

Manager, Findlav Plant (Findlay, Ohio)

(2 Years)
Respbonsibilities: A1l location functions. Staff consisted of the

Tcllowing managers: MOS Wafer Fabrication,

MCS AssemZly and Test, MCS

High Reliability Manufacturing, Stem Manufacturing, Meterials Engineer-
ing, Purchasing, Quelity & Reliability Assurance, Financiz]l Operztions,

Incustrial Relations and Plant Engineering.
Mzjor accomplishments: (a) plant management
of 1875 and rapid recovery year of 1876, (b)
each vear of 15% - 20%,

by 30% - 50%.

Manager, MOS Integrated Circuit Manwfacturing
(6 Years)

Responsibilities: Two domestic MOS factories
start-up planning and facilitation for a thi
accomplishments: SuccessTul establishment 2
manufacturing cperations.

Encineering Lezder, MOS Desian
(1 Year)

Resoonsibilities: Process development and device layout design

accomplishment: successTul
from non-reproducible mocel

circuits. Major

MOS product line

factory/ status.
fncineering Leader, Bioolar IC Manufacturing
(2 Years)

Responsitilities: Proce
processes, &nc procduct
i pcuiEs.

~
-

an¢ (c) reduction ¢f

Location population: 1500,
throuch the recession year
manufacturing cost reductien
manutacturing cycle times

employing 200 personnel,
rd domestic locaticn, Mzjor

nc expansion of thres MCS

Tor MCS
program to take a troubiec
shop status to going

TS ¥



iTi)e

Produczicn Menecer, Microslzzironics Division
_1’_2 = = <
\ =S = _ji

e TR S e o e s
Project S maer - Silicon Pidnar Pre-Jroticiion J&partment
2 Yezrz!

\ - - -/

= . A Y - Na== -
Encineerinc Suzervisor, Allov Transistor Deszrt.ment

fe Tenrs

Textile Macnine Works, Wyomissing

Apprentice, Machinist, Tooimaker

EDUCATION:
Penn State University 1052 - 1955 BSME (Kenors)
Penn State University Graduate Courses in Business anc

Incdustrial Engineering
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