


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AP-182

or when data needs to be transferred to the host from
the sector buffer. This is discussed further in the Inter-
rupt Mode Section. When selecting the data transfer
option, the interrupt line will go active at the same time
as the BDRQ line and the interrupt will be removed
only when the proper handshake occurs with the sector
buffer.

Task Registers

The Task Register File contains the command, status,
track number, sector number, and other information
necessary to properly execute a command. These regis-
ters are accessed with AO-A2, RD (or WR), and CS
being valid and are not cleared by a reset. The registers
are covered in detail in the Task Register File Section.

Sector Buffer Control

The 82062 was designed to operate with an external
buffer equal in size to one sector. To ease the design-in
of this buffer, the 82062 provides all of the control sig-
nals it needs to operate the buffer. This buffer must be
isolated from the system bus, using tri-state buffers,
during disk transfers to prevent contention during the
period that the 82062 is accessing the buffer. A sector
buffer is generally used to ease interfacing to the system
due to the high disk data rates (625 kbytes/sec), al-
though it is not required.
|

BCS

The Buffer Chip Select (BCS) line goes active whenever
the 82062 is accessing the sector buffer. This signal
should remove the microprocessors ability to access the
82062 and sector buffer and must enable the sector
buffer for use by the 82062.

At a 5 Mbit/sec disk data rate, the 82062 will access
the buffer every 1.6 microseconds (8 bits X 200 ns/bit).
BCS will remain low the entire time the 82062 is access-

ing the buffer. The 82062 will pulse the appropriate RD

or WR line for each byte transferred.

BCR

Buffer Counter Reset (BCR) goes active each time that
BCS changes state. Its purpose is to reset the address
counter of the sector buffer back to zero before and
after the 82062 uses the sector buffer. Its function is
optimized for single sector transfers. Multiple sector
transfers should use a software controlled buffer coun-
ter reset and not use BCR as the sector buffer will be
reset to the beginning after each sector is transferred.

6-672

BDRQ, BRDY

Buffer Data Request (BDRQ) and Buffer Ready
(BRDY) provide the handshake needed to transfer data
between the sector buffer and the host. BDRQ signals
that data must be moved to/from the sector buffer and
the host. BRDY has two functions. Once the transfer
signaled by BDRQ is finished, asserting BRDY will
inform the 82062 that the transfer is completed and
that it may finish executing the command. BRDY is
also used in multiple sector commands. BRDY going
high during a multiple sector transfer indicates that the
buffer is full (or empty—depending upon the com-
mand) and the transfer should wait until the buffer is
serviced. The sector that was being transferred will fin-
ish and the 82062 will deactivate BCS and activate
BDRQ. The host microprocessor must then transfer
the data between the buffer and system memory. When
this transfer is finished, asserting BRDY will cause the
82062 to resume the command.

The handshaking between BDRQ and BRDY occurs
only in full sector increments—not on a byte basis. A
high on BDRQ indicates a full sector’s worth of data is
required; BRDY going high indicates a full sector of
data is available to the 82062 without interruption.

Only the rising edge of BRDY is valid. A falling edge
may occur at any time without effect. BCR will pulse
and BCS will go active eight byte times (8 bytes X 8
bits/byte X 200 ns/bit = 12.8 microseconds) before
the first data byte is transferred from the sector buffer
to the disk.

COUNTER
3 82062
RO/ i
BRDY
w L P
? Of BCR
231133-3

Figure 4. BRDY Generation Logic

Data Transfer Logic

This section of the 82062 is responsible for conversion
of serial disk data to parallel data (and vice versa); en-
coding/decoding of the disk’s MFM serial bit stream;
detecting the address mark; and verifying data integrity
through its CRC generation and checking logic.

231133-002
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82730

PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias . ... 0°Cto70°C
Storage Temperature . . ...... '~ 65°Cto +150°C
Voltage on Any Pin with )
RespecttoGround ........... -1.0Vto +7V
Power Dissipation ............. PR 3Watts

*NOTICE: Stresses above those listed under
“Absolute Maximum Ratings” may cause perma-
nent damage to the device. This is a stress rating
only and functional operation of the device at
these or any other conditions above those indi-
cated in the operational sections of this specifica-
tion is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may
affect device reliability.

D.C. CHARACTERISTICS Ty =0°C to 70°C, Voc =5V = 10%

Symbol Parameter Min. Max. Units | Test Conditions
ViL Input Low Voltage -05 +08 Volts
Vin Input High Voltage 2.0 Vcc +0.5 | Volts
VoL Output Low Voltage 0.45 Volts | lop =2 mA (1]
Vou Output High Voltage 24 Volts | lony = — 400 xA
lcc Power Supply Current 400 mA @Ta=0°C
Iy Input Leakage Current 10 .\ Vin=0-Vcc
Lo Output Leakage Current +10 rA Vour =0.45 - Ve
lc. | LCO, LC1, LC2 Input Low Current -125 -450 uA | Vi =0 Volts,
Reset = “1” (2)
Ve Bus Clock Input Low Voltage -05 0.8 Volts
VeHi Bus Clock Input High Voltage 2.0 Vcc +1.0 | Volts
Veu Character Clock Input Low letage -05 0.8 Volts
Ve Character Clock Input High Voltage 2.2 Vec +0.5 | Volts
Veu Reference Clock Input Low Voltage -05 0.8 Volts
VRHi Reference Ciock Input High Voltage 22 Vee +05 | Voits
NOTE: .
1. loL =2.6 mA on the S1 and SO pins.
2. Measured after at least 5 BCLK cycles after RESET = High
A.C. CHARACTERISTICS )
Ta=0°C to 70°C, Ve =5V = 10%. All timings in nanoseconds. CL = 50 pF.
82730 Bus lqteriace Input Tiining Requirements
. Symbol Parameter Min. Max. | Units | Test Conditions
TCLCL BCLK Cycle Period 125 2500 ns
TCLCH BCLK Low Time 52 ns
TCHCL BCLK High Time 52 ns
TCH1CH2 BCLK Rise Time 30 ns . 0.45V — 2.4V (1)
TCL1CL2 BCLK Fal! Time 30 ns 2.4V — 045V (1)
TDVCL Data in Set-Up Time 20 ns

7-180
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2. Applies only to test mode invocation.
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intel 82730 PRELIMINARY
A.C. CHARACTERISTICS (Continued)
82730 Bus Interface Input Timing Requirements (Continued)
Symbol Parameter Min. Max. | Units | Test Conditions
TCLDX Data in Hold Time 5 ns
TARYHCH Async. READY Active Set-Up Time 35 ns
TSRYHCL Sync. READY Active Set-Up Time 20 ns
TRYLCL READY Inactive Set-Up Time 10 ns
TCLRYX READY Hold Time 20 ns
TCTVCL HLDA, RESET Set-Up Time 35 ns
TCLCTX HLDA, RESET Hold Time 10 ns
TCAVCAX CA Pulse Width 100 ns
TRIVRIX IRST Width 100 ns
TRLLCH LCy Input Hold Time 5TCLCL ns 2)
82730 Bus Interface Output Timing Response
Symbol Parameter Min. Max. | Units | Test Conditions
TCLAV Address Valid Delay 0 55 ns
TCLAX Address Hold Time 0 ns
TAVAL Address Valid to ALE/UALE Inactive TCLCH-30 ns
TLLAX Address Hold to ALE Inactive TCHCL - 10 ns
TCLAZ Address Float Delay TCLAX 45 ns
TAZRL Address Float to RD Active 0 ns
TLHLL ALE/UALE Width TCLCH-10 ns
TCLLH ALE/UALE Active Delay 0 45 ns
TCHLL ALE/UALE Inactive Delay 0 45 ns
TCVCTV | Control Active Delay (DEN,WR,AEN) 0 70 | ns
TCVCTXW | Control Inactive Delay (WR,AEN) 0 80 | ns
TCVCTXD | Control Inactive Delay (DEN) 5 80 ns
TCLDOV Data Out Valid Delay 0 50 ns
TCLDOX Data Out Hold Time 0 ns
TWHDX Data Out Hold Time After WR TCLCL -60 ns
TCLHV Hold Output Delay 0 85 ns
TRLRH RD Width 2TCLCL - 50 ns
TCLRL RD Active Delay 0 95 | ns
TCLRH RD Inactive Delay 5 70 | ns
TRHAV RD Inactive to Next Address Active TCLCL - 40 ns
NOTE:

210931-004
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A.C. CHARACTERISTICS (Continued)
82730 Bus Interface Output Timing Response (Continued)

Symbol Parameter Min. Max. | Units | Test Conditions
TCLSIN SINT Valid Delay ‘ 0 70 ns
TRIHSIL RINT Active to SINT Inactive 250 | ns
TCHSV Status Active Delay 0 75 ns
TCLSH Status Inactive Delay . 0 70 ns
TWLWH | WR Width 2TCLCL - 40 ns
TFLHL Bus Float to HOLD Inactive 0 ns

82730 Display Generator Input Timing Requirements

Symbol Parameter Min. | Max. | Units | Test Conditions

TRCHRCH | RCLK Cycle Period 100 | 2500 | ns

TRCHRCL | RCLK High Time .| 40 ns

TRCLRCH | RCLK Low Time 40 ns

TRRCK RCLK Rise Time 30 ns 0.45V—~2.4V (1)
TFRCK RCLK Fall Time o 30 ns 2.4V-0.45V (1)
TCCHCCH | CCLK Cycle Period 100 |None | ns

TCCHCCL | CCLK High Time 30 ns

TCCLCCH | CCLK Low Time .| 40 ns

TRCCK CCLK Rise Time ‘ 30 ns 0.45V—-2.4V (1)
TFCCK CCLK Fall Time 30 ns 2.4V-0.45V (1)
TVCVCR HSYNC, SYNCIN Set-Up Time 30 ns .

TCRVCX HSYNC, SYNCIN Hold Time 10 ns

TLPVCF LPEN Set-Up Time ‘ 30 ns

TCFLPX LPEN Hold Time 10 ns

TRCHCCH | CCLK/RCLK Skew During CSYNC -10 10 ns

82730 Display Generator Output Timing Response

Symbol ) Parameter Min. | Max. | Units | Test Conditions

TCCHDV |Data, Line Count and Attribute and Output Valid 60 | ns C_ =100 pF
Delay from the Delay from the Rising Edge of CCLK

TCCHDX |Data, Line Count and Attribute and OutputHold Time | 5 ns C_ =100 pF

TRCHCYV |Delay of Outputs CSYNC, VSYNC, HSYNC or RRVV 70 | ns C_ =100 pF
from the Rising Edge of RCLK .

TCCHCL |CCLK Rising to CHOLD Low 75 | ns | C_L=50pF

TRCLCH |RCLK Falling to CHOLD High 60 | ns C_ =50 pF

NOTE: /

1. Clock maximum rise and fall times are for functionality only. AC timings are not tested at this condition.
2. Applies only to test mode invocation.
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PREFACE

82786 FEATURES AND
PERFORMANCE

The 82786 is a powerful, yet flexible component which
will be a candidate as a standard for microcomputer
graphics applications including personal computers, en-
gineering ‘workstations, terminals, and laser printers.
Its advanced software interface contrasts sharply with
existing products by making applications and systems
level programming efficient and straight-forward. Its
performance and high-integration make it a cost-
effective component while improving the performance
of nearly.any. design.

The following list is a summary of the 82786’s capabili-
ties (assuming 10 MHz system clock and 25 MHz video

clock):
Windows: Practically unlimited support

Up to 1024 displayable simutane-
ously with support for 4 extemal
color palettes

Colors:

Lines, Polylines,
Polygons:

Circles, Arcs:

2.5 Million pixels per second

2.0 Million pixels per second

Fills: Supported via horizontal line
command (30 Million bits per sec-
ond)

Bit Block Transfer: 24 Million bits per second

Up to 4 MBytes of directly ac-
cessed DRAM

Bit-map Memory:

Resolution:
ed; this is equivalent to configura-
tions such as 640 x 480 x 8 or
1024 x 1024 x 2 @ 60 Hz (non-in-
terlaced); up to 4096 x 4096 x 1 or
2048 x 1536 x 8 with video
DRAMs.

1 to 64 times vertical and horizon-
tal

Character Drawing: 25 thousand per second with col-
: ors, path, and rotation attributes

Zoom:

" Unlimited number from bit-map

Character Fonts:
) or system memory

16 x 16 maximum hardward size;
unlimited with bit-block transfer

Character Size:

Scroll, Pan: Instantaneous in any direction

with no external logic

The performance of the 82786 is of little value without
applications and system-level software to use it. Cus-

Up to 200 MHz monitors support- )

tomers can write their own software following the sug-
gestions of the 82786 Software Interface Applications
Note or the appropriate third-party vendors’ software
packages. Intel has evaluated several major products
and presently recommends Microsoft. WindowsTM,
Digital Research GEMTM, Novagraphics Nova CGI
and GKSTM, and Graphic Software Systems CGI and
GKST™M, Window Manager™, and GKSTM. These
packages appear to be easily adapted to 82786-based
systems, are likely to emerge as de facto industry stan-
dards, and would permit a wide array of applications to
run with little or no modification on 82786-based prod-
ucts.

For more information on these products, please contact
these vendors directly:

Digital Research, Inc.
P. O. Box DRI
Monterey, CA 93942
(408) 649-3896

Graphic Software Systems
P. O. Box 673 .
Wilsonville, OR 97070
(503) 682-1606

Microsoft Corporation
Box 97200

Bellevue, WA 98009
(206) 828-8080 .

Novagraphics International Corporation
1015 Bee Cave Woods

Austin, TX 78746

(512) 327-9300

The 82786 was designed to permit compatibility with
de facto hardware standards. Use of the 82786 with
appropriate Intel microprocessors permits the design of
systems which can emulate the family of IBMTM per-
sonal computer products. The 82786’s support of the
IBM Color Graphics Adapter-compatible bit-map eases
the task of running existing applications software on
new video hardware.

For details please refer to the 82786 PC Compatibility
Applications Note. Additional documentation available
for the 82786 includes the Data Sheet, the User Manual
and Application Notes.

For all questions, clarifications, or requests for addi-
tional documentation please contact your local Intel
sales office or authorized distributor.
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CHAPTER 1
INTRODUCTION

1.1 OVERVIEW

This document provides the reader with an introduc-
tion to the architecture and key features of the Intel
82786 Graphics Coprocessor from Intel. The 82786
serves such applications as graphics terminals and work
stations, personal computers, printers, and other prod-
ucts requiring the capability to create, store, and output
bit-map graphics.

The 82786 works with all Intel microprocessors, and is
a high-performance replacement for sub-systems and
boards which have traditionally used discrete compo-
nents and/or software for graphics functions. The
82786 requires minimal support circuitry for most sys-
tem configurations, and thus reduces the cost and
board space requirements of many applications. The
82786 is based on Intel’s advanced CHMOS process.

The advanced performance and ease-of-use of the
82786 make it a candidate for an industry standard for
applications in microcomputer graphics markets. Some
of the leading features of the 82786 are:

® Fast polygon and line drawing
@ Hardware windows
® High speed character drawing

® Interface designed for device independent software
standards

~— Virtual Device Interface
— Graphics Kernal System
— NAPLPS

® Advanced DRAM controller for graphics memory
up to 4 Mbytes

® Fast bit-block copies between system and bit-map
memories

® Supports up to 200 MHz CRTs or higher
® Up to 1024 simultaneous colors per frame
® Programmable video timing

¢ High Integration

® Third-party software support

® 88 pin leaded chip carrier and pin grid array
® Provides support for rapid filling with patterns

© IBM Personal Computer Color Graphics Adapter-
compatible bit-map

® International character support
e Advanced CHMOS technology
® Integral video DRAM support

1.2 ARCHITECTURAL MODEL

The 82786 architecture fits with traditional computer

graphics models. A typical subdivision of the tasks is:
® Graphics task partitioned into:
Drawing (line, polygons, characters, block image
copies)
Windowing (concurrent windows on the screen)
Refresh (CRT timing, video data output)

® Typical integrated solutions to these functions have
been:

First generation IC: 6845, 8275 - refresh
Second generation LSI: 82720 - drawing + refresh

Third generation VLSI: 82786 - drawing + window-
ing + refresh

The 82786 is a co-processor with two separate on-chip
processing units, the graphics processor and display
processor, which operate concurrently with the system
CPU. Instructions to the display and graphics proces-
sors are placed in memory by the CPU. Registers on
the 82786 are dedicated to pointing to the starting ad-
dresses of the first memory blocks of instructions con-
trolling the on-chip processors, and each memory block
points to subsequent blocks in a linked-list architecture.
Access by the CPU to these registers may be 1/0- or
memory-mapped, and portions of memory may be
shared between the 82786 and the CPU.
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1.3 BIT MAPS AND WINDOWS

The 82786 concepts of “bit maps” and “windows” are
based upon definitions from the ANSI work on win-
dows.

The 82786 can create and maintain multiple sets of
graphics ‘images in memory. These sets of images in
memory are called “bit maps”. 82786 can combine sub-
sets of these bit-maps into a viewable, multi-region dis-
play screen. Each of these separate areas on the screen
are called “windows”.

Most graphics systems today use software to generate a
bit-map representation of the full contents of the dis-
play called a “frame buffer”. The 82786 uses a high-
level window descriptor list and specialized hardware

- to generate the screen contents using portions from sep-

arate bit maps of memory (Figure 1-1). This permits
the display to be instantaneously altered, eliminating
the time required to update a similar frame buffer im-
age using software alone. '

MEMORY
BIT MAP 1

BIT MAP 2

BIT MAP 3

ABCD
EFGH
KL
MNOP
QRST
uvwx
Yz

WINDOWS

DISPLAY 122711-1

Figure 1-1. Bit Maps and Windows
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1.4 FUNCTIONAL OVERVIEW

The 82786 performs many functions within a single integrated circuit. Figure 1-2 identifies a block diagram of the
component and explanations of each function module.

82786
r—-—-=-=- r——=-=-= |
cPU I Graptics 11 | DISPLAY VIDEO INTERFACE >
PROCESSOR PROCESSOR
Lo == J
r—=-=-=- - "LoonnA
SYSTEM BUS INTERFACE > | BUSINTERFACE | DRAM i
UNIT (BIU) ! CONTROLLER |
S Bttt |
SYSTEM GRAPHICS
MEMORY . MEMORY
INTERFACE
GRAPHICS DRAM MEMORY
122711-2
Figure 1-2. 82786 Block Diagram
The major functions of each block are:
® Graphics Processor (GP): — draws lines, circles, polygons, and other primitives
— draws characters
— executes block image
manipulation instructions
® Display Processor (DP): — manages windows including zoom
— provides cursor
— refreshes screen (up to 200 MHz dot rate)
1
— loads shift register of video DRAMSs
® DRAM Controller: — controls up to 4 Mbytes of interleaved graphics memory including page-, static
column-, and fast page-mode DRAM:s (interleaved or non-interleaved banks)
® BIU: — allows the CPU to access the graphics memory and the 82786 to access the system

memory
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: | ' CHAPTER 2
GRAPHICS PROCESSOR

2.1 OVERVIEW

The graphics processor creates and updates all of the
graphics and text in each of the bit maps within graph-
ics memory. It is responsible for all of the geometric
drawing, character drawing and image movement with-
in and between the bit maps. Some features of the
graphics processor are:

® permits bit maps to begin at any word in system or
graphics memory; only one bit map is active for GP
drawing at one time although many bit maps may
reside in memory simultaneously.

® permits bit maps to be any size (up to 32K x 32K
pixels) and use 2, 4, 16, or 256 colors (i.e. 1, 2, 4, or
8 bits per pixel);

® draws geometric shapes with attributes such as tex-
ture and color, into bit maps;

® draws characters with attributes such as color, path,
rotation, and proportional spacing using user-
defined fonts into bit maps;

® combines one rectangular portion of an image with
another area, within the same bit map or into anoth-
er bit map. (BIT Block Transfer or Bit-Blt);

¢ all drawing allows logical operations between source
and destination (for example Exclusive-Or of the
Complement of Source with Destination);

¢ all drawing can be clipped to a rectangular region;

® supports picking, a mechanism for advanced user
interfaces which allows the issuing commands via
the selection of “graphic menus” (called icons) by
manipulating pointing devices.

The Graphics Processor fetches its instructions directly
from a linked list in memory which is created and up-
dated by the CPU. The initial address of the list is con-
tained in a dedicated register in the 82786 and the ad-
dresses of subsequent instructions are pointed to by the
contents of previous instructions. Each instruction con-
tains a bit which indicates to the graphics processor

that it should stop (if set) and await new instructions. .

More detail on the command format is given in section
2.8 “Graphics Processor Command List Format.”

2.2 BIT MAPS

All graphics and text creation is written into bit maps.
Bit maps are rectangular drawing area composed of bits
of pixel-oriented memory. The bit maps may be up to
32,000 pixels in each direction and contain from one to
eight bits of color or gray scale information. Bit maps

may be started on any even address in the 4 Mbyte
space and the number of bit maps in memory is unlim-
ited (except by the amount of memory available). The
variable bits per pixel feature permits the use of several
bits per pixel for multicolor graphics while using only a
single bit per pixel for efficient text memory.

2.3 GRAPHICS PROCESSOR
INSTRUCTION SET

The graphics processor instruction set is divided into
five classes:

1. Non-Drawing Commands

2. Drawing Control Commands

3. Geometric Commands

4. Bit Block Transfer (BIT-BLT) Commands

5. Character Block Transfer (CHA-BLT) Commands

2.3.1 Non-Drawing Commands

The first class of commands are used to control the
method in which the commands are fetched. Also in-
cluded in this list are commands to load and dump
82786 internal registers. These commands are:

" NOP - No Operation

e LINK - Link To Next Command (Unconditional
Jump)

e ENTER__MACRO - Enter Macro (Subroutine
Call)

e EXIT__MACRO - Exit Macro (Subroutine Return)

e INTR_GEN - Generate Interrupt

¢ DUMP__REG - Dump Internal Register

¢ LOAD__REG - Load Internal Register

2.3.2 Drawing Control Commands

The graphics processor works in only one bit map and
with one set of attributes at a time. The graphics proc-
essor maintains an imaginary cursor, GCPP (Graphics
Current Position Pointer), which points to a particular
position (x, y coordinates) within' the bit map from
which all relative coordinates are calculated. The
GCPP is updated at the end of each drawing command.
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The following commands are used to define the current
bit map and attributes and set the Current Position
Pointer:

o DEF_BIT__MAP - Define Bit Map

e DEF__CLIP__RECT - Define Clip Rectangle (see
2.4)

e DEF__COLORS - Define Colors
o DEF__TEXTURE - Define Texture

e DEF__LOGICAL__OP - Define Logical Operation
(see 2.6)

e DEF__CHAR__SET - Define Character Set

o DEF__CHAR__ORIENT - Define Character Ori-
entation

e DEF__CHAR__SPACE - Define Inter Character
Spacing

e ABS__MOYV - Absolute Move GCPP

e REL__MOYV - Relative Move GCPP

e ENTER__PICK - Enter Pick Mode

e EXIT__PICK - Exit Pick Mode

2.3.3 Geometric Commands

These commands allow the 82786 to draw points, lines,
and arcs in a variety of ways:

e POINT - Draw Point

e INCR__POINT - Draw Incremental Points

® CIRCLE - Draw Circle

e LINE - Draw Line

RECT - Draw Rectangle

¢ POLYLINE - Draw Polyline

e POLYGON - Draw Polygon

¢ ARC - Draw Arc

® SCAN__LINES - Draw Series of Horizontal Lines

2.3.4 Bit Block Transfer (Bit-Blt)
Commands

These commands allow rectangular image pieces to be
combined from piece of bit-map memory to another.
The graphics processor automatically inserts the new
data in the correct order in the destination so that each
line of pixels remains consecutive for both existing and
new data.

¢ BIT__BLT - Bit Block Transfer within bit map

e BIT_BLT__M - Bit Block Transfer between bit
maps

The command specifies the origin of the source rectan-
gle as well as the height and width. The destination
origin is the GCPP coordinates. For Bit-Blts between
bit maps, the destination is the active bit map and the

memory address of the source origin and source bit
map size is specified. Bit-Blts between bit maps can
only use bit maps with the same number of bits per
pixel.

2.3.5 Character Command

This command allows character fonts stored in memo-
ry in pixel form to be drawn into the bit map by an
application using character codes such as ASCII:

® CHAR - Draw Character String

The CHAR command defines transparency/opaque-
ness for a character string, the pointer for the character
string, and the number of character in the string. The
pixel contents of the character to be drawn may be
located anywhere in the memory space of the 82786
and accessed with either an 8- or 16-bit reference to the
specific character. The string range specifies the 8- or
16-bit references for each character to be drawn. Sec--
tion 2.7 discusses the use of character fonts.

Standard character fonts can be flexibly drawn because
path and rotation are defined with a DEF__CHAR__
ORIENT command and inter-character spacing is de-
fined with a DEF_CHAR__SPACE command. This
permits the variable spacing of text, direction of text,
and rotation of characters to be specified by the appli-
cation without making alteration of the font necessary.
Simple one-bit per pixel character font definitions can
be used in color applications because foreground and
background colors are specified by the DEF__COLOR
command and the necessary bits are written for each
pixel during the drawing process.

2.4 DRAWING ATTRIBUTES

A drawing operation refers to the act of modifying pix-
els within a bit map during the execution of the GP
commands. All drawing that the GP performs (includ-
ing lines, arcs, characters and Bit-Blts) is subject (with
exceptions noted) to six attributes which should be de-
fined before any drawing commands are executed. The
attributes are:

1. Pixel Plane Mask;

2. Logical Operation;

3. Clipping Rectangle;

4. Foreground and Background color (not apphcable to
Bit-BlIt);

. Trz;nsparent or Opaque mode (not applicable to Bit-
BIt);

6. Pattern mask of 16 bits (not applicable to Bit-Blt or
characters).

W

The pixel plane mask is helpful in restricting the graph-
ics primitives to update a subset of the bits per pixel.
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This permits one set of drawings to exist in one or more
colors and allow other text or graphics information to
reside in different color bits of the same bit map. Raster
operations can be used to.combine existing pixel infor-
mation in the bit map with the new pixel information
generated as a result of the new drawing operation,
such as displaying only the overlapping regions of two
shapes. The clipping rectangle limits the effects of
drawing operations to a subset of the bit map.

Foreground and background colors set the two colors
drawn by all drawing operations (if both are needed).
The transparent mode draws only the foreground color
into the bit map (for dotted lines or characters) and
leaves the pixels between the dots or characters un-
changed. The opaque mode draws the foreground color
and fills in the background color between the dots or
characters. The pattern defined in the mask cause a
logical operation with drawing commands and permit
dotted and dashed lines, arcs, and other shapes. DEF__
" PATTERN sets transparent/ opaque for drawing oper-
ations other than character, which is defined in CHAR.

2.5 CLIPPING

The clipping rectangle is used to prevent drawing out-
side a specified rectangular region. The clipping rectan-
gle can be any rectangle within a bit map or the entire
bit map. Pixels are not drawn beyond the limits of the
clipping rectangle and characters which would be par-
tially clipped are not drawn at all.

In a special mode, “‘pick mode,” the clipping rectangle
is used to perform a different function. The clipping
rectangle may be controlled by software to support the
selection of objects on the display with a pointing de-
vice. When in pick mode the drawing commands are
executed but pixels are not updated in memory. In-
stead, a flag is set in a register if any of the pixels gener-
ated by the command lie within the clipping rectangle.
In this way it is easy to set the clipping rectangle to
correspond to the location of a graphics pointing device
(such as a mouse) and re-process the graphics com-
mand list to find which drawing command corresponds
to the selected area.

2.6 LOGICAL OPERATION

The logical operation is an attribute that applies to all
subsequent pixel update operations (line, arc, character,
Bit-Blt etc.). It is an operation which can logically com-
bine the contents of separate bit-map locations to pro-
duce new bit-map patterns. All sixteen binary functions
are permitted between both the source and destination.

* AND
* OR
e EXCLUSIVE-OR

Six of the combinations provided are special:

¢ REPLACE destination with source

e REPLACE destination with complement of source
e SET all destination bits to 0

o SET all destination bits to 1

¢ REPLACE destination with complement of destina-
tion

¢ REPLACE destination with destination (NOP)

2.7 CHARACTER FONTS

The Graphics Processor supports an unlimited number

‘of character fonts, that can reside anywhere in the 4

Megabyte address space. The character string to be
written can be defined either as a string of bytes or as a
string of words depending upon the type of font used.
The active font type and upper and lower memory ad-
dresses of the font to be used are set via the DEF__
CHAR__SET command.

Each character in the character font has an indepen-
dently programmable size of up to 16 by 16 pixels, al-
lowing individual characters to have different sizes for
proportional spacing. Each character resides in a block
containing n+ 1 words of memory where nis the pixel
height of the character. The first word contains four-
teen bits to define the height and width of the charac-
ter. The remaining two bits specify if the following
character should be an overstrike or if the character
exceeds sixteen pixels in either dimension to cause a
software trap. Overstriking is useful for efficient imple-
mentation of underline and accents, and prevents up-
dating the GCCP after the character is drawn.

For larger characters than 16 by 16, the trap bit in the
font can cause an interrupt to the CPU so that software
can specially process that character such as a Bit-Blt.
The perception of larger characters than 16 by 16 can
also be created by dividing characters into subsets such
as quadrants, and executing multiple character drawing
commands. Software use of the DEF_CHAR__
SPACE command supports negative inter-character
spacing to permit kerning, such as for italic fonts.

The byte or word strings used as parameters for the
CHAR command are used in conjunction with the 22-
bit pointer defined in a register by the DEF_CHAR__
SET command. Use of 16-bit, or word-mode, charac-
ters. causes an add between the 22-bit pointer and the
16-bit reference value to access the starting address of
the specific character. Because maximum character
block size is seventeen words of data, approximately
four thousand characters may be contained in one 16-
bit font (worst case). Supplementary software in the
form of a look-up table can be used to access as many
as 65,000 characters in a single font. Bit-Blt can move
characters of unlimited size.
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CHARACTER FONT
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STRING I
— —
— ] ~ ofFsET
— — — TABLE
FONT POINTER
122711-3

Figure 2-1. Word and Byte Mode

Use of byte-mode permits eight bit references to charac-
ters. This is important to permit existing software using
ASCII and EBCDIC to be converted to 82786-based
systems. 256 words of the font are reserved for a look-
up table. Adding the 8-bit string parameter to the font
pointer determines the word for the specific character
within this table. The word is then added to the pointer
to locate the character information in the font. Byte-
mode permits only 256 characters in each 8-bit font.
Figure 2-1 shows a description of word and byte mode.

2.8 GRAPHICS PROCESSOR
COMMAND LIST FORMAT

The graphics processor executes a sequence of instruc-
tions resident in memory and runs only when an appli-

cation needs to change bit-map contents or support
some special function such as picking. The general for-
mat of an instruction is shown in Figure 2-2.

1514131211 1009 08 07 06 05 04 03 02 01 00
OPCODE GECLbit
PARAMETER 1
PARAMETER 2

I

| PARAMETER N
Figure 2-2. Instruction Format
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Each opcode resides in the high byte of the word with a
GECL (Graphics End of Command List) bit in the
least significant bit of the low byte and followed by a
varying number of parameters in consecutive words.
The graphics processor tests the GECL of each instruc-
tion and sends the graphics processor into Poll Mode
when set to “1” for any opcode. Poll mode halts the
graphics processor until a LINK command and upper-

and lower-memory values for a link address are loaded
into three reserved registers. The graphics processor
then begins executing a new linked-list of instructions
starting at the specified address when the GECL bit
with the LINK instruction in the register is reset to 0.

An example of a graphics command block using linked-
lists is shown in Figure 2-3.

CONTROL REGISTER

LINK o
LINK ADDRESS LOWER

EXTERNAL MEMORY

GECL

| OPCODE 1 0

LINK ADDRESS UPPER

PARAMETER 1

OPCODE 2 0
PARAMETER 1

PARAMETER 2

PARAMETER 3

OPCODE 3 [
POINTER

ENTER MACRO

Y

STOP

Yy

OPCODE 7 0
OPCODE 8 0
PARAMETER 1 Y
PARAMETER 2

OPCODE 9

OPCODE 10 1

GRAPHICS SUBROUTINE

A

OPCODE 4 0
OPCODE § 0
OPCODE 6 0

PARAMETER 1
PARAMETER 2
EXIT MACRO

PARAMETER 1 <
PARAMETER 2 (LINK)

122711-4

Figure 2-3. Graphics Processor Command Block
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CHAPTER 3
DISPLAY PROCESSOR

3.1 OVERVIEW

The display processor has five main functions in gener-
ating the display contents for output:

1. To retrieve the memory contents of selected bit maps
and output corresponding pixels into separate re-
gions on the display screen (windows);

2. To permit selected portions of bit maps to be magni-
fied on the display (zooming) horizontally and/or
vertically via pixel replication;

3. To provide a “pointing symbol” (cursor);

4. To generate control and video data signals to the
display hardware;

5. Load the shift registers of video DRAMs.

Control of the display processor is programmed via on-
chip registers. Content of the display is dynamically
altered by the application (or system software) without
causing unacceptable display blinking. Using memory-
mapped CPU alteration of parameters, the DP will load
the register set with the new parameters during vertical
retrace. By altering the registers to point to a new dis-
play list, the change of display lists can occur between
refresh cycles.

3.2 WINDOWS

Windows are the portions of bit maps which are output
by the display processor. Up to 16 window segments or
tiles can be displayed on the same scan line of the CRT,
while there may be as many windows vertically as the
number of scan lines.

The 82786 treats the screen as divided into horizontal
strips (Figure 3-1) of arbitrary width, where the hori-
zontal format of window tiles across the strip remains
constant for the whole strip. This divides the region
into rectilinear areas, which are easy to manage. By
combining strips, overlapping windows can easily be
obtained.

Windows may essentially be arbitrarily shaped (circu-
lar, irregular, etc.) because a new strip may be defined
every display line, similar to the format shown in Fig-
ure 3-2.

STRIP 1 TILE 1.1

STRIP 2 B _TlLE ZT TILE 2.2 TILE 2T T T ]

STI;IiP 3 B -:LE .;—1—- T TILE 3.2 TILE 3.3 —TII-.E 3:— o

‘STRIP 4 B —;LE :- TILE 4.2 [ -_TI-I:E 4‘:- T

STRIP 5 B —;’-ILEE)._1- T T
122711-5

Figure 3-1. Sample Display Implementation of
Two Overlapping Windows
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STRIP
STRIP
STRIP
STRIP
STRIP
STRIP
STRIP
STRIP
STRIP
STRIP 10
STRIP 11
STRIP 12
STRIP 13
STRIP 14
STRIP 15
STRIP 16
STRIP 17
STRIP 18
STRIP 19
STRIP 20
STRIP 21
STRIP 22
STRIP 23
STRIP24
STRIP25
STRIP 26
STRIP 27
STRIP 28
STRIP 29
STRIP 30

© O N O N A WN -

ROUND WINDOW USING ONLY THIRTV STRIPS:
USE OF 200 OR MORE STRIPS WOULD
SIGNIFICANTLY REDUCE *‘JAGGIES.”

122711-6

Figure 3-2. Sample Display of Irregular Window

The information needed for the display processor is
contained in strip descriptor tables, each made up of a
header and one or more tile descriptors. The header
contains:

® the number of lines in the strip;
¢ the number of tiles in the strip;

® upper and lower addresses of the next strip descrip-
tor

Each tile descriptors (which are consecutive in memo-
ry) contains:

1. the width of the bit map from which the window is
being retrieved (in words);

2. the start address of the bit-map data to be displayed
(word in memory and first bit location);

3. the number of words to fetch for the tile;

4. the first and last bit locations of the bit-map data to
be displayed;

5. the number of bits per pixel;

6. four bits to indicate border presence for top, bot-
tom, left, and right edges (1 indicates show border,
0 indicates show bit-map for those pixels);

7. window status information which can be used to
select color palettes or other attributes (2 bits);

8. two bits to indicate bit-map configuration is byte
rather than word-oriented with byte order switched
and if bit-map is non-linear (for PC compatibility);

9. bit to indicate if window is to be zoomed by pixel
replication of the bit-map data;

10. bit to indicate if tile if field background data.

A one-pixel border can be displayed on any or all sides
of each viewport tile. This border color is defined in an
8-bit register and is the same user-definable color for all
windows. Borders may be turned on or off for individu-
al tiles.
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In the absence of windows, the field background color
is displayed. This single color is definable by the user in
an 8-bit register. The use of background on the display
minimizes system bandwidth because data is only
fetched for windows and not for background, and thus
saves bit-map memory.

The display processor provides padding bits when bit
maps to be displayed have fewer bits/pixel than the
hardware display, with no performance decrease. This
allows windows of various bits/pixel to be shown
simultaneously on the same display. The user programs
the desired 8-bit color patterns into three registers, one
serving to map each of 1-, 2-, and 4-bits per pixel infor-
mation into full colors on the display.

All video output from the 82786 can be defined to begin
and end at any pixel (except when in accelerated mode
using external shift logic). This includes the positioning
of every window and the cursor.

The display processor instruction list is controlled by
the CPU. The double-word location of the first strip
descriptor block is located in a register. The locations
of subsequent strip descriptor tables are based upon a
linked-list architecture and are provided in the preced-
ing descriptor table. This descriptor linked-list needs
only to be updated by the CPU when the window ar-
rangement on the screen changes. New strips and seg-
ments are easily inserted into the display list by simply
modifying the linked-list pointers of the preceding
strips, or segments.

The use of redundant lists is possible because the de-
scription of a typical display is memory-efficient and
requires only about 1,000 bytes. This would permit the
CPU to alter the contents of one list while the second is
being used to control display processor. When the crea-
tion of the new list is complete, the registers pointing to
the first strip descriptor table may be switched to the
locations for the new list during vertical retrace. This
permits the application to alter the display list without
causing temporary swimming or blinking of the dis-
play.

3.3 CURSOR

The display processor supports a single hardware cur-
sor which may be up to 16 x 16 pixels. This cursor may
be positioned by the user anywhere on the screen. The
cursor may be defined to be transparent or opaque, and
may be either a block cursor or a cross-hair cursor one
pixel across stretching the width and height of the
screen. The color of the cursor is user-definable, as is
the block cursor’s pattern. Eight bits of register memo-
ry define the color and sixteen 16-bit words of register

define the pattern, which is then padded with the cur-
sor color register. Support for a blinking cursor is pro-
vided with a register for CURSOR__ON which can be
toggled by the CPU as often as necessary to cause an
appropriate blink rate. Multiple cursors can be simulat-
ed by drawing them in software, especially using bit-blt.

3.4 ZOOM

The display processor allows selected windows to be
zoomed (using pixel replication) up to 64 times hori-
zontally and vertically (independently, in steps of one).
The setting of the zoom bit in the tile descriptor table
causes replication of the pixels in memory according to
horizontal and vertical scaling factors contained in reg-
isters.

3.5 VIDEO INTERFACE

Eight parallel video data output lines provide video
output which may be used as eight bits pixel on the
CRT, or externally shifted to boost maximum display
resolution. The dot rate output is controlled by an inde-
pendent video clock which may be up to 25 MHz. Hor-
izontal signals are programmable from 1 to 4096 cycles
of the video clock and vertical sync signals from 1 to
4096 scan lines. Use of eight external video data pins
allow up to 256 different colors to be directly displayed.
Other CRT control lines provided by the display proc-
essor are VSYNC, HSYNC, BLANK.

Several 82786s can be used together for higher perform-
ance graphics. For multiple 82786 Systems, one 82786
acts as a master generating VSYNC and HSYNC, and
the other 82786s act as slaves using the master synch
signals for timing through the use of their own VSYNC
and HSYNC as inputs. Each 82786 has its own bit-map
memory with separate graphics processor lists to form a
bit-plane architecture, but use the same display list. The
BLANK signal is not used by slave 82786s.

External color palettes are supported, and, by use of the
two window status lines, the application may select one
of four color combinations for any window. This sup-
ports a maximum of 1024 simultaneous colors per
frame. The palette may be programmed by latching the
default video data when the BLANK pin is high. The
display processor can support non-interlaced, and inter-
laced-synch displays. Selection of the interlacing, con-
trol to support external shifting of the video data, de-
fault video data contents, and slave/master status for
each 82786 are controlled via dedicated registers. The
82786 may be synchronized to an external source
(“Gen-Locking”).
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CHAPTER 4
82786 SYSTEMS

4.1 TYPICAL SYSTEM
CONFIGURATIONS

The 82786 can be used in many different configura-
tions, each providing cost and performance appropriate
for different applications and markets.

Three typical applications in which the 82786 could be
used are:

1. Low-priced personal computer (Figure 4-1);
2. Multi-tasking office workstation (Figure 4-2);

3. High-performance workstation for processing-inten-
sive, high-resolution applications in engineering (Fig-
ure 4-3).

4.2 DRAM CONTROL

The DRAM controller on the 82786 supports an array
of up to 32 memory chips without extra logic and up to
a 4 megabyte address space. DRAMs supported have
densities ranging from 8K to 1 megabit and organiza-

MEMORY

80186

82786

—-—D‘ MONITOR )

122711-7

Figure 4-1. Low End Personal Computer

' SYSTEM BIT-MAP
MEMORY MEMORY
80286 82786 -—-—->
122711-8
Figure 4-2. Desktop PC/Graphics Terminal
SYSTEM BIT-MAP
MEMORY MEMORY
8028680386 - L 82786's ;{ MONITOR )
122711-9

Figure 4-3. High End Workstation
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tions of x1, x4, or x8. The bandwidth of the memory
system can be increased by interleaving memories and/
or using the Ripplemode TM or static-column mode
supported by Intel CHMOS DRAMs. Both inter-leav-
ing and Ripplemode TM are completely handled on
chip and require no extra external circuits. Use of stat-
ic-column DRAMs requires one 74X373 latch per
bank. Interleaving refers to the use of multiple DRAM
banks with one set of memories receiving new CAS sig-
nals while the other outputs data. Table 4-1 shows
memory burst-bandwidth for the different configura-

tions at 10 MHz.

DRAM refresh is done automatically by the DRAM
controller. The memory array can be accessed both by
82786 internal processors (GP, DP) and by external
masters (CPUs) through the BIU. The 82786 DRAM
controller can be used to control system memory within
its 4 megabyte address space, provided the target appli-
cation can accept the decreased bandwidth of system
memory. The portions of the address space dedicated to
graphics and system memory are configured at initiali-
zation in the DRAM__CONTROL__REGISTER.
Graphics memory is assumed to start at OH and con-
tinue up to the configuration limit. Memory addresses
above this are used for system memory.

4.3 BUS INTERFACE

The Bus Interface Unit of the 82786 is designed to sup-
port all 8-, 16-, and 32-bit microprocessors from Intel,
with optimization for the 80286. This permits the

82786 to run synchronously with the 80286, increasing
throughput by eliminating wait states. A special 8-bit
mode allows 82786 to also work with 8-bit data bus
microprocessors. The 80386 itself makes interfacing to
the 82786 possible. Interfacing to Intel CPUs is detailed
in the Hardware Configurations Applications Note.

The bus interface allows slave access by the CPU to the
graphics memory controlled through the 82786 DRAM
controller. This allows the CPU to update the graphics
processor instruction list and the display processor de-
scriptor lists in the graphics memory where maximum
throughput can be supported. Low-end systems could
use only a single memory shared by both the 82786 and
CPU and use the 82786 DRAM controller for this
memory.

For performance reasons, many systems will have at
least two sections of memory: the 82786 graphics mem-
ory (using the on-chip DRAM controller) and the sys-
tem memory. In this configuration, the 82786 can exe-
cute bus cycles on the system bus so the 82786 can
access the CPUs own memory. This master mode is
designed in accordance with the 80286 definitions. This
configuration allows the best of both worlds, the system
and graphics memories are split for performance rea-
sons, but the split is transparent to the software for
flexibility. Character fonts and graphic objects may be
retrieved from disk and placed in system memory loca-
tions reserved for access by the 82786 using a virtual
mode 80286 or 80386 configuration with appropriate
system software.

Table 4-1. 82786 DRAM Bandwidths

Pagemode Ripplemode
DRAM DRAM

Non 10 Megabyte/sec 20 Megabyte/sec
Interleaving (diagnostics or (640 X 480 X 4 or
DRAM banks 640 X 480 X 2) 1K X 1K X 1 noninterlaced)
Interleaving 20 Megabyte/sec 40 Megabyte/sec
DRAM banks (640 X 480 X 4 or (2K X 2K X 1 interlaced:

1K X 1K X 1 1K X 2K X 1.

noninterlaced) 1K X 1K X 2.

800 X 600 X 4.

640 X 480 X 8 noninterlaced)
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CHAPTER 5
PACKAGE AND PIN DESCRIPTION

5.1 OVERVIEW

The 82786 is an eighty-eight |5in component due to the large number of functions integrated within the device. It is
available in both pin grid array and leaded chip carrier versions. The pinout of a pin grid array is shown in Figure 5-1
and a description of the pins is shown in Table 5-1.

o O O 0o o 0O 0O o o 0O O o o
Vss DRA1 DRA3 DRA5 DRA7 DRA9 Vcc RAS1# CAS1# WEL# BEN1# D15  Vss
o O O O O O O O O O O O O
VDATQ DRAO DRA2 DRA4 DRA6 DRAS RAS2# RASO# CASO# WEH# BENO# D14 D13
o O o O
VDAT2 VDAT1 , D12 D11
o O o O
VDAT4 VDAT3 . D10 D9
O O o O
VDAT6 VDATS D8 D7
o O : o O
VCLK VDAT? D6 D5
o O o O
VSYNC HSYNC , D4 D3
o O o O
BLANK A0 D1 D2
o O o O
Al A2 , RDY# DO
O O : o O
A3 A4 cs# RD#
o O o O
A5 A6 ' MO WR#
o 0 O 0O O O o O O O O O O
A7 A8 A10 A12  A14 A16 A18 A20 CLK INTR MEN HREQ BHE#
o o0 0o o 0O o o o o o o o o
Vss A9 A1l . A13  A15 A17  Vcc A19  A21 RESET SEN HLDA Vss

122711-10

Figure 5-1. PGA Pinout
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Table 5-1. 82786 Pin Names and Descriptions

Symbol

Type

Description

A21-0

1/0

ADDRESS LINES FOR THE LOCAL BUS: Normally inputs for Slave Mode
accesses of the 82786 supported DRAM array or internal memory or 170
mapped registers. Driven by the 82786, when it is the Local Bus Master.

D15-0

1/0

DATA BUS: For the 82786 DRAM array and the Local Bus.

BHE #

170

BUS HIGH ENABLE: An input of the 82786 Slave Interface: driven LOW by
the 82786 when it is Local Bus Master. Determines asynchronous vs.
synchronous operation for RD #, WR# and HLDA inputs at the falling
(trailing) edge of RESET. A HIGH state selects synchronous operation.

RD#

110

READ STROBE: An input of the 82786 Slave Interface: driven by the
82786 when it is Local Bus Master. Asynchronous vs. synchronous input
determined by state of BHE # pin at falling RESET.

WR#

1/0

WRITE STROBE: An input of the 82786 Slave Interface: driven by the
82786 when it is Local Bus Master. Asynchronous vs. synchronous input
determined by state of BHE # pin at falling RESET.

MIO

110

MEMORY / 1/0 INDICATION: An input of the 82786 Slave Interface:
driven HIGH by the 82786 when it is the Local Bus Master. Selects 286
Status or Command Mode vs. 8086/186 Status Mode of the 82786 Slave
Interface at the falling (trailing) edge of RESET. A LOW state selects the
286 Status or Command Mode.

CS#

CHIP SELECT: Slave Interface input qualifying the access.

MEN

MASTER ENABLE: Driven HIGH when the 82786 is in control of the Local
Bus, (i.e. HLDA received in response to a 82786 HREQ). Used to steer the
data path and select source of bus cycle status commands.

SEN

SLAVE ENABLE: Driven HIGH when 82786 is executing a Slave bus cycle
for an external master on the Local Bus. Used to enable the data path and
as a READY indication to the Local Bus Master.

READY #

SYNCHRONOUS INPUT: To the 82786 when executing Local Bus cycles.
Identical to 80286 timing.

HREQ

HOLD REQUEST: Driven HIGH by the 82786 when an access is being
made to the Local Bus by the Display or Graphics Processors. Remains
HIGH until the 82786 no longer needs the Local Bus.

HLDA

HOLD ACKNOWLEDGE: Input in response to a HREQ output.
Asynchronous vs. synchronous input determined by state of BHE # pin at
falling RESET.

INTR

INTERRUPT: The logical OR of a Graphics Processor and Display
Processor interrupt. Cleared with an access to the BIU Interrupt Register.

CASO#

COLUMN ADDRESS STROBE 0: Drives the CAS inputs of the even word
DRAM bank if interleaved: identical to CAS1 # if non-interleaved DRAM.
Capable of driving 16 DRAM CAS inputs.

CAS1#

COLUMN ADDRESS STROBE 1: Drives the CAS inputs of the odd word
DRAM bank if interleaved; identical to-CASO # if non-interleaved DRAM.
Capable of driving 16 DRAM CAS inputs.

RAS2-0#

ROW ADDRESS STROBE: Drives the RAS input pins of up to 16 DRAMs.
Drives the first three rows of both banks of DRAM.

DRA9/
RAS3 #

MULTIPLEXED MOST SIGNIFICANT DRAM ADDRESS LINE AND
RAS3#: Support of 1Mb DRAMs requires DRA9. When 1Mb DRAMs are
used, four rows of DRAMs cannot be supported (RAS3 # unnecessary)
due to 82786 addressing limit of 4 Mbytes being exceeded.

WEL #

WRITE ENABLE LOW BYTE: Active LOW strobe to the lower order byte
of DRAM.

WEH#

WRITE ENABLE HIGH BYTE: Active LOW strobe to the higher order byte
of DRAM.
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Table 5-1. 82786 Pin Names and Descriptions (Continued)

Symbol Type Description

DRA8-0 (0] MUTIPLEXED DRAM ADDRESS: DRAM row and column.address are
multiplexed on these lines. Capable of driving 32 DRAMs without buffers.

BEN1-0# o} BANK ENABLE 1 AND 0: Enables the output of the DRAM array on to the
82786 data bus (D15-0). BEN1# controls Bank 1. BENO# controls
Bank 0. ) .

BLANK 170 OUTPUT USED TO BLANK THE DISPLAY AT PARTICULAR
POSITIONS ON THE SCREEN: May also be configured as inputs to allow
the 82786 to be synchronized with external sources.

VDATA7-0 0 VIDEO DATA OUTPUT.

VCLK | VIDEO CLOCK INPUT: used to drive the dlsplay section of the 82786. lts
maximum frequency is 25 MHz.

HSYNC/ 1710 HORIZONTAL SYNC: Window status may be multiplexed on this pin. Can

WSTO also be configured as input to allow the 82786 to be synchronized with
external sources. Even as input, window status still output when BLANK is
low.

VSYNC/ 170 VERTICAL SYNC: Window status can be multiplexed on this pin. Can also

WST1 be configured as input to allow the 82786 to be synchronized with external
sources. Even as input, window status still output when BLANK is low.

RESET | RESET INPUT: internally synchronized. Halts all activity on the 82786 and
brings it to defined state. The leading edge of RESET synchronizes the
clock to PH1. The trailing edge latches the state of BHE # and MIO to
establish the type of Slave Interface. It also latches RD# and WR# to set
certain test modes.

CLK | DOUBLE FREQUENCY CLOCK OUTPUT: Clock input to which pin timings
are referenced. 50% duty cycle.

Vss, Voo 4 Vgs AND 2 V¢ PINS.

7-204




A HAYDEN PUBLICATION

ElectronicDesign

FOR ENGINEERS AND ENGINEERING MANAGERS—WORLDWIDE FEBRUARY 17, 1983

COMPONENTS SPECIAL
e Capacitors ¢ Precision resistors ¢ Shielding materials
e Selecting electrolytics e Power MOSFETSs for switchers

Coprocessor
chip

_dedicates

itself totext

210932




Design

AR-305

The first chip dedicated to text manipulation, the 82730 operates
as a coprocessor to a host CPU and executes many high-level
commands that reduce the software needed for processing text.

‘Text coprocessor brings
~quality to CRT displays

The quality of text in
raster-scanning CRT
displays has always
been a tradeoff against
the complexity, perfor-
mance, and cost of the
associated video sys-
tem. By allocating
many of the complex
display functions to
firmware, a dedicated
text  coprocessor ‘chip,
the first of its kind, re-
places printed-circuit
boards that contain
more than 100 ICs
while increasing sys-
tem performance by re-
lieving many of the
host processor’s text
.manipulation tasks.
The chip thus makes
possible the high qual-
ity and high perfor-
mance sought, without
the need to compro- ;
mise because of high design complexity and high

- cost of text-processing hardware.

Though its speed makes the 82730 text co-
processor beneficial on its own, its utility can be
enhanced -considerably when working ‘with the
821731 video interface controller. Together they pro-
vide proportional spacing, simultaneous subscript
and superscript displays, dual cursors, dynamically
reloadable character fonts, and user-programmable
field and character attributes. By adding still an-

Anand Balaram, Product Marketing Engineer
Andrew Volk, Pro;ect Manager

Intel Corp.

3065 Bowers Ave., Santa Clara, Calif. 95051

Reprinted from ELECTRONIC DESIGN- February 17, 1983
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other chip, the 82720
graphics .display con-
troller, the device can
display high-resolution
graphics and text at the
same time.

Housed in a 68-pin
package, the 82730 text
coprocessor combines a
direct memory access
channel and a processor
‘bus interface that per-
mit it to fetch its own
instructions and data
from the host system’s
memory, independent
of and in parallel with
the host CPU.

The two processors
communicate ‘through
messages—commands,
parameters, and status
words—which are
placed in a communica-
tion block inside a
shared memory. The
host issues commands by preparing messages, stor-
ing them in the communication block, and directing
the coprocessor’s attention to them by activating a
Channel Attention signal, which is implemented in
hardware. In return, the coprocessor sets a flag in
the shared memory that notifies the host when it
has executed the command.

The 29 high-level commands built into the 82730
break ‘down into two groups: channel commands,
which work at the system level to start and stop the
display and to communicate status and similar
information, and data-stream commands, which
are incorporated directly into the display-data
strings to govern the DMA process and control row

Copynght 1983 Hayden Publishing Co., Inc.
- ORDER NUMBER: 210932



Text coprocessor

characteristics, character attributes, and so on.

The 82730 resides on a local system bus with the
host microprocessor, such as the 80186 CPU, and
therefore provides the same address, data, and
control signals as the main processor. By handling
several of the tasks typically done by the host
processor—like DMA control and display
formatting—it leaves the host free for other tasks.

For example, when the coprocessor is configured
to share the CPU bus, a portion of the host micro-
processor bus bandwidth must be devoted to the
DMA process that refreshes the CRT. However, the
82730’s high-speed intelligent DMA controller
(operating at a maximum data rate of 4 Mbytes/s)
helps minimize the time spent executing the re-
fresh operation, while simultaneously handling the
formatting of the display data. A different ap-
proach involves a dual-ported memory architec-
ture, which places the memory between the CPU
and the coprocessor. That completely frees the
processor bus of the refresh activity, allowing the
host more time to execute other tasks. It has become
a more cost-effective method, as some dynamic
memory controllers now contain dual-ported arbi-
tration logic on chip.

Inside the chip

The basic architecture of the coprocessor is di-
vided into two main parts: a memory interface and
a display generator section (Fig. 1). The memory
interface lets the coprocessor and the system pro-

cessor communicate via the shared memory. The
display generator, in turn, responds to the data
provided by the memory interface and carries out
the display operations.

The memory interface actually comprises two
smaller subsections, a bus interface unit and a
microcontroller unit. The bus interface provides an
intelligent connection from the 82730 to the host
processor bus and also buffers the data transfer
requests from the microcontroller. Upon initial-
ization, the bus interface can be programmed for 8-
or 16-bit data and 16- or 32-bit addresses. Further-
more, the host interface can be configured for 8- or
16-bit-wide data buses, making the coprocessor
compatible with 8- or 16-bit host processors, like
the 8088/80188 and the 8086/80186. Running at 8
MHz maximum in 16-bit systems, the 82730 handles
the maximum DMA rate of 4 Mbytes/s.

The microcontroller unit stores the micro-
instructions for the 82730’s high-level operations.
The microcontroller’s internal processor manages
the memory transfers, interprets the commands
embedded in the data stream, and executes those
commands by sending data to the appropriate con-
trol registers or display data buffers. To optimize
the transfer of data between the system and the
CRT interface, the coprocessor uses three clocks—
one for the host interface, the other two for video
data. The memory interface section runs from the
bus clock, the CRT interface operates from a refer-
ence and a character clock.

Bus interface
4 unit

Microcontroller
unit

Data /O
buffers

1. Divided into two main sections—a memory interface unit and a display generator—the

Dual Character

data
row buffers Video
_______ data >
outputs
t__-_-l 1

Display

“." | generator =X
control .

Displa_y )

registers

82730 text copr can

at optimum speed since each section can function

independently at a different crlock speed.
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Although the coprocessor packs a considerable
amount of processing power on a single NMOS chip,
it cannot handle the high video dot rate needed to
deliver high character counts to the CRT display.
For that, it needs the 82731 video interface control-
ler, which gains its high speed and drive capability
from bipolar technology. In addition, the combina-
tion of the 82730 and 82731 succeeds in reducing the
video interface to just a few latches and a software
character generator residing in RAM or ROM
(Fig. 2).

Inside the 82731 are the reference- and character-
clock generators, a video shift register, and all
attribute logic (Fig. 3). Housed in a 40-pin package,
the circuit offers TTL-compatible inputs and out-
puts except for the video output, which is ECL-
compatible and provides a dot-shift clock rate of 50
MHz maximum on characters up to 16 dots wide.
The circuit proportionally spaces characters by
accepting the width sent from the character gener-
ator and sending an appropriate character-clock
output whose period determines the variable width
of the character to be displayed.

The video interface controller can employ an
inexpensive, low-frequency crystal and internally
multiply that frequency to generate the high-
frequency dot clock. It also supports control func-
tions such -as screen reverse video, synchronized
character field, and tabbing operations. The dot
clock drives the internal video shift register, the
character clock controls the unloading of data from

82730
text
coprocessor

Bus drivers or
controller

Serial i A
3 Disk ; System
icommunications ; ;
sontroler i ; e

2. A typical system built around the 82730 and the 82731 video interface controller requires very few

the row buffers in the 82730, and the reference clock
establishes the raster and screen formats. The
reference clock also supplies the basic timing for
the horizontal sync, blanking, border, and active
display time. The corresponding vertical
attributes—except border—are driven by the hori-
zontal line time. All seven of these screen parame-
ters are programmable by the system designer with
the 82730.

System interfaces are simple

As a coprocessor, the 82730 has the same bus-
control signals as an 80186 host processor and thus
can share the system-bus controllers, drivers, and
latches. The host processor and the 82730 arbitrate
for control of the local bus through the Hold and
Hold Acknowledge lines (HLD/HLDA). The Chan-
nel Attention (CA) and System Interrupt (SINT)
control lines complete the wired interface. With
this configuration, the 82730 has access to all the
memory that the 80186 CPU has available.

Anytime the CPU wants to send a message to the
82730, it writes the command and busy flag into the
82730 command block and then pulses the co-
processor’s CA input to inform it that a message is
waiting. The 82730 then raises the HOLD output
and waits for access to the bus. When the CPU
relinquishes the bus, it raises the HLDA input of
the 82730. '

Once the 82730 becomes active, it transmits the
command block address that was stored in its

82731

. video interface

controller

Character
generator

additional ICs to mate with a host processor like the 80186. Only the system bus drivers, some latches, and

a character generator are needed.

7-208
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Text coprocessor

registers during initialization. That address, in
conjunction with the appropriate memory control
signals—including read or write strobes, lower or
upper address latch enables, upper address output,
or data enable output—will either read the com-
mand block or write to it. All these signals are
coordinated by the bus clock.

Whenever the 82730 must send status informa-
tion to the host CPU, it gains control of the bus and
places the data into the status location in the
command block. The bus is then released and the
coprocessor notifies the CPU through the SINT
signal. When the coprocessor is using a dual-ported
memory to communicate with the 82730, the HOLD
and HLDA signals are not employed. Instead, the
82730 accesses the dual-ported memory directly
rather than acquiring the bus from the CPU.

When the display process is activated, the co-
processor uses its built-in DMA capability to fetch
display data from the memory. The data consists of
character data mixed with data-stream commands;
embedded data-stream commands provide the flex-
ibility to manipulate data on the fly.

Soft fonts loaded

The 82730 also permits soft fonts to be auto-
matically loaded into RAM-based character gener-
ators. Addresses and data stored in the system
memory are then loaded into the row buffers of the
coprocessor. During blanked rows (generally during
the vertical retrace), address information is loaded
into a latch and data is written to the character
generator.

The 82730’s dual row buffers help reduce the
bandwidth and access time requirements for the
system memory. The data stored in one buffer is
being used to display a row on the screen while the
second buffer is being loaded, by the micro-
controller, with the next display row from the
system memory. Up to 200 characters can be stored
and displayed by each row buffer. Furthermore,
since the display generator section operates asyn-
chronously with the microcontroller unit, each can
operate at optimal speed. Processing is syn-

‘chronized by internal flags and.shared internal
storage, and data that will be displayed is ex-
changed through the row buffers.

The coprocessor’s display generator handles the
data that defines the timing and the operation of
the CRT interface. That data, which is stored in the
display characteristics registers of the chip, con-
trols every aspect of the display—from the screen’s
format to the blink rates of the characters and
cursors. All the parameters that define the initial
display characteristics can be set by one
command —MODEST—thus reducing the time and
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3. The 82731 video interface controller is manufactured with
bipolar technology, bling it to handle video dot rates of
50 MHz and higher, which are ded by high-ch ter-
count displays. The controller serializes the parallel
character outputs from the coprocessor and adds the
desired attributes to each character.

effort required to establish a screen format.

Beneath the simplicity of the hardware shown in
Fig. 2 are the high-level instructions—channel
commands—and the data-stream commands. When
combined with a table-driven linked-list data strue-
ture, they ease software development.

Central to the software is the command block,
through which all channel commands are trans-
ferred between the coprocessor and the host. This
block is located within the shared memory, and its
exact position is set during the 82730’s initialization
routine (Fig. 3a). Once established, it contains all
the information needed to start the display-data
fetch; to communicate status, interrupt, and cursor
position information; and to give the location of the
mode block, which contains all the parameters for
setting up the display. The START DISPLAY channel
command begins the sequence (Fig. 3b).

Since the display data is set up within linked
lists, the coprocessor can rapidly change any of the
lists without shifting huge amounts of data. The
display fetch starts with the value of the list-switch
bit which selects one of two list-base pointers in the
command block. The pointer points to its string
pointer list; the pointers in that list direct the
on-chip DMA to the data strings containing the
desired display data and data-stream commands.
The programmer can modify one pointer list while
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displaying from the other, and can also switch
screens merely by changing the list-switch bit, thus
eliminating time-critical data manipulations.

Two data-stream commands—End of String
(EOS) and End of Row (EOR)—are key to the linked
list and DMA activities. Strings are a logical con-
cept: they contain blocks of contiguous data stored
anywhere in memory. In contrast, rows are a phys-
ical concept and represent a block of characters
that make up a physical row on the screen. Many
strings can exist in a display row, or many rows in
a string. (Only the extra DMA overhead of fetching
the new string pointer sets a practical limit on the
number of strings in each row.)

The actions of the two commands are indepen-

~dent. End of String tells the 82730 to get the next
string pointer from the list, and from there, the
next data string. End of Row suspends the DMA
until the row buffers are swapped at the end of the
current row. The DMA then takes over, into the
new row buffer.

String manipulation fosters high speed

Strings are commonly the next level of text
organization above single characters. With the
82730, a string can be as small as a character or it
can be a word, row, sentence, paragraph, or a page
of characters. These high-level entities can be
moved merely by manipulating a small string
pointer table (Fig. 5).. The heart of the algorithm
for word wraparound, a common feature in text
processors, can easily be accommodated by a single
command such as the String Compare command of
the 80186. Word wraparound is then achieved by
scanning the data (not moving it) and manipulating
a few pointers. Earlier system designs would have
required a multiple-instruction software loop that
. scanned and moved every individual character.

An extension of the linked list allows pro-
grammers to set up several independent data win-
dows on the CRT screen in a virtual screen mode.
That feature is especially helpful if a user wants
both a menu window and one or more work-space
windows. Such a scheme saves a lot of time for the
end user—eliminating the back-and-forth move-
ment between menus and working text. To set this
up, several data structures, each with its own
command block, can be accessed in a table-driven
sequence to put data in a given window on the
screen (Fig. 6).

The string list and data strings are the same for
regular or virtual modes; only the structure of their
command blocks differs. Thus, each virtual window
can be an independent software entity in the sys-
tem, and the 82730 can present these independent
data bases simultaneously.

Setup B
initialization pointers,
intermediate block,
and command block

Read memory location FFFF FFF6
for system bus information
(set 8- or 16-bit bus)

- - g
Read system configuration byte
and command block pointer from
-{intermediate block; set 8- or 16-bit
data, 16- or 32-bit addressing,
cluster, ready, and
video master/slave modes

Busy flag
cleared?

Clear intermediate block
busy flag

—T

Execute instruction in command |:
block, typically MODESET, which | +.*
Ready to initialize directs the 82730 to fetch screen |/ .\
other coprocessor characteristics information i
or continue with processing| ; from mode block

B

Command

String pointer 1
. String pointer 2
End of row A String pointer 3
. R L £V 1 String pointer 4

End of string

List pointers

Mode pointers

Data

End of string

Screen Da‘ia Screen:

parameters. End of row String 1

String 1 | String2 | String 3
String 4

4. Both the host CPU and the coprocessor go through an
initialization sequence when the computer system is reset
(a). The coprocessor then looks for a START DISPLAY
command so that it can load the various data strings from
the system memory into the display generator section,
attach attributes, and display the data on the CRT (b).
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Text coprocessor

Multiple 82730s can also be used in a single
system. Up to four devices can be clustered in a
single system, with one serving as a system master
and the others as slaves. The data for this cluster
can be interleaved, permitting the cluster to work
from one data base to get more characters per
screen or more bits per character. Also, in the slave
mode, the 82730’s video outputs can be synchronized
to an external video signal, giving the system such
capabilities as mixed text and graphics, broadcast
subtitling (text overlay), and overlays for video
recording.

Attributes enhance display quality

The designers of the 82730 have given it the
ability to highlight various areas of an on-screen
document through the use of character and field
attributes. In the 16-bit data word, for example,
only the most significant bit is committed; it serves
as the command or data designator. If set to 1, the
word is a data-stream command, with the remain-
ing 15 bits becoming one of the predefined in-
structions. However, if the MSB is 0, the other bits
are at the discretion of the designer, who may
choose which and how many are needed for charac-

ter codes, attributes, or user-defined functions.

The 82730’s six predefined attributes—reverse
video, invisible, blinking character, two underlines, '
and a special graphics character—can be pro-
grammed to respond to any of the 15 bits, or they
can be completely disabled. In addition, they can be
set character by character or through a field-
attribute mask. All can be attached to any charac-
ter. The blinking character can be programmed for
a wide range of duty cycles and blink rates. The two
underlines can be independently positioned any-
where in the row height, and the position can be
changed from row to row. Thus the underline can
be doubled or serve as a strike-through line, a
fraction line, or an overbar. One of the underlines
can also be programmed to blink at the same rate
as a blinking character.

The graphics character is relatively important,
since it permits character information to be dis-
played to the full height of the row. It causes the
chip’s line-counter output to count from zero at the
top of the display row continuously through to the
bottom of the row. When used with special charac-
ters, ‘this attribute allows business forms and
graphs to be easily constructed.

Create or identify

mwﬂw

Eaﬂngnwm!&m |¢mphmd\

string to be inserted .
‘ List pointer table 0 - String List potnter 1 String
o . s . . .../_., r
Set up a new string pointer [ » ! !
table to include insert =~
]
J A Command
‘ A AW Inserted
Check list switch M TNV M :
in command block i N Endof
to determine unused list I string
! - :
" L o ~ P
Put starting address |
of the new string pointer table E \ i L
in unused list base location i
l A E i E
S R [} A
Change list switch to indicate E Y 1 s
use of new list 1
. .| Endof . E
i D S string
- R L Y D
Activate channel attention I J -
After

list pointers must be ch

5 Ifa character or word must be inserted near the beginning of a screen of text, only the
d to add the item. In older sy

, all the ch t g

the mserhon or deletion were shifted in the memory to revise lhe display.
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Text coprocessor

Another capability of the 82730 is subscript and
superscript characters, done by manipulating the
line-counter outputs. The SUB SUP N data-stream
command declares which and how many pairs of
characters will be displayed simultaneously as sub-
scripts and superseripts.

Proportionally spaced displays could cause some
subscript and superscript characters to have differ-
ent widths and thus disrupt the vertical alignment
of a character pair. A special output of the 82730
called Width Defeat prevents that misalignment by
causing the 82731 video interface controller to en-
force a predefined width—programmed upon sys-
tem initialization—during the display of subscript
and superscript characters. )

The proportional spacing is performed by the
reference and the character clock. Used to shift out
the character and attribute data, the character
clock operates during the display field. Its fre-
quency can vary character by character, up to a rate
of 10 MHz, to set the width of the character
currently being displayed. The video interface con-
troller takes the character width information that
has been supplied by the character generator and

base

i

1 Process 1 |
data base

Text area 1
(Process 1)

Text area 2
(Process 2)

6. The virtual window capability of the 82730 lets the user
arrange independent areas in the system memory that can
be displayed simulianeously on the CRT monitor.
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produces a variable width character clock that
supports the proportional spacing. This approach
also greatly reduces system complexity and cost
compared with previous designs.

Screen and row formats are flexible

The reference clock signal in a system that con-
tains the 82730 and 82731 chips is a constant-
frequency clock that forms the time base to gener-
ate the horizontal scan lines and vertical frame
periods. One scan line can last for 256 reference
clock periods, and one frame can contain up to 2048
scan lines. Within these periods, the respective
synchronization pulses and the border and charac-
ter fields can be set anywhere within that range.
All these timing relationships, including the scan
and frame periods, can be changed on a frame-by-
frame basis to suit changing applications.

The screen format is flexible all the way down to
the row level. For instance, the height of a row (up
to 32 scan lines) and the vertical position of the
characters within that row can be changed from
row to row by a single data-stream command called
FULROWDESCRPT. In addition, the command lets
the programmer set the starting and ending scan
lines within the row for the normal, subseript, and
superscript character fields and the two cursors.

The same data-stream command that defines the
row characteristics can also be used to blank the
row, display it as reverse video, double its height
(for up to 64 scan lines per row), or eliminate the
proportional spacing.

Graphics, too, can be handled by the 82730, al-
though flexibility and resolution are not as high as
with the 82720 graphics display processor. Business
applications typically need graphics that are no
more complex than two- or three-dimensional
charts or business forms. These formats can be
stored as special characters in a standard font set
for the character generator. Even more complex
graphics can be handled through the use of mosaic
graphic cells, which can be stored in RAM to permit
alterations. Of course, as in most systems using
floppy-disk systems for main storage, the desired
fonts or graphics forms can be saved on the disks
and downloaded as needed for the display.

There are many applications that also require a
simple graphic display along with text—signature
verification on banking terminals and general-
purpose credit verification, for example.O
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VLSI Coprocessor
Delivers High Quality Displays

Many microprocessor-based systems
today use VLSI technology in pro-
cessing and memory components.
However, designers of subsystems
have, up until now, not been able to
incorporate this technology into
their products because of the lack of
available ICs. When, in 1981, NEC
introduced the 7220 graphics display
controller, users found that they
could bolster system performance
by off-loading graphics control
chores from the system CPU. Sec-
ond-sourced by Intel as the 82720,
the chip wuses its own drawing
processor to access the required
positions in the bitmap and han-
dles both processing and display
functions.

Now, Intel is poised to introduce
a text coprocessor, the 82730, which

is specifically tailored to execute.

data manipulation and display tasks.
Lucio Lanza of Intel explains, “In
an intelligent terminal or worksta-
tion, the CPU spends a lot of its
time manipulating both graphics
and text. We have identified these
areas in terms of CPU use and we
have distributed these blocks so that
the CPU is not overburdened.”
Coprocessors fall into two cate-

gories based on their architecture
and operation. One type expands
the microprocessor’s own architec-
ture by adding additional hardware
and instructions. This type of tight-
ly coupled coprocessor can be
thought of as a transparent expan-
sion of the microprocessor’s archi-
tecture and works in sychronization
with the CPU. Intel’s first such co-
processor, the 8087, was designed

AR-297

for numerics processing and in-
creased the microprocessor’s math
performance as much as 100 times.

The second type of coprocessor
independently fetches its own data
and sends instructions in parallel to
the microprocessor. It therefore al-
lows the microprocessor to process
the tasks it handles best and dele-
gate to the coprocessor the task it is
best equipped to handle. In this cate-

Andrew Wilson
Technical Editor

Bus controls ADO-AD15
|
|
|
|
Bus interface Data IO
unit (BIU) buffers __Dual \ngg ghar
| Row buffers outputs ata
1
oA Microcontroller Display _
unit ! " characteristics |—{ Display
| registers generator Video
SINT <—| | control controls
| .
I

Memory interface unit <——| — Display generator

FIGURE 1: Block diagram of the 82730.
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gory are I/O channel coprocessors
and others that deal with communi-
cations and text processing tasks.

“The 82720 is not yet at this lev-
el,” Lanza said, “since it does not
have the capability of going to mem-
ory and extracting its own instruc-
tion and executing it—it needs
something to spoon feed it.”

Coprocessors of the second cate-
gory do not monitor the CPU in-
struction stream. Instead, they are
linked to the CPU via messages pre-
pared and stored in shared memory.
The CPU will prepare data and high
level directives and then place them
in memory. Upon completion of this
control block, the CPU will alert the
coprocessor by signaling it through a
common channel attention line.
From that point on, the coprocessor
works on its own, fetching required
data and instructions and then ex-
ecuting those instructions.

It is not synchronized with the
CPU but works asynchronously and
independently. When the coproces-
sor completes its task, it informs the
CPU by signaling on the CPU’s in-
terrupt line.

The rationale for designing a co-
processor with one or the other ar-
chitectures depends on the applica-
tion requirement. Tightly coupling
the coprocessor with the CPU gives
the advantage of a short coprocessor
preparation time but has the draw-
back of consuming the CPU’s bus
bandwidth.

In the case of numeric process-
ing, the speed of executing the float-
ing point algorithm is of paramount
importance. Reducing the prepara-
tion time of the coprocessor task is
the key because of the number of
microseconds it takes to execute the
task. Rapid algorithmic execution
requires tight coupling. In the appli-
cation of the I/O related coprocessor,
the task execution time is much
longer and the requirement for bus
time can be much higher. And, for
I/0O operations the preparation time
is not critical. A shared memory
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FIGURE 2: Building block approach.

coupling is preferred for those types
of applications because it provides
greater flexibility in the design of
the bus structure.

Text coprocessing

“In the design of the 82730,” said
Lanza, “we have tried to eliminate
all the known differences between
what is visible on the screen and
what is obtained on the printed
page. In word processing systems to-

‘day, even the length of a row on the

CRT is sometimes not the same as
the length seen in print. Clearly,
when you are editing text this be-
comes a major problem.”

The 82730 supports the genera-
tion of text displays through features
which include proportional spacing,
simultaneous superscript/subscript,
dynamically reloadable fonts and
user programmable field and charac-
ter attributes. Editing capabilities
are further enhanced by features
such as split screen, virtual win-
dows, smooth scrolling and table-
driven linked lists.

Figure 1 shows a block diagram
of the 82730. The chip is divided
into two main sections—the mem-
ory interface unit and the display
generator. The memory interface
unit provides the communication
between the 82730 and the system
processor, while the display gener-
ator acts on the display data and car-
ries out the display operation. .

Communication between the
82730 and the CPU takes place
through messages placed in commu-
nication blocks in shared memory.
The processor issues channel com-
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mands by preparing these message
blocks and directing the 82730’s at-
tention to them by activating a hard-
ware channel attention signal (CA).
The memory interface unit fetches
and executes these commands.
When the display process is activat-
ed, the 82730 repeatedly fetches dis-
play data and embedded datastream
commands from memory utilizing
its built-in DMA capability, ex-
ecutes any datastream commands as
encountered on the fly, and loads the
row buffers with the display data.
After executing these ‘commands,
the 82730 clears a busy flag in mem-
ory, to inform the host CPU that it
is ready for the next command.

The memory interface unit is di-
vided into two sections—the bus
unit and the microcontroller unit.
The bus interface unit provides the
electrical interface to the system
bus and the timing signals required
for the microcontroller unit oper-
ations, making these operations
transparent , to the microcontroller
unit. The 82730 can be programmed
during initialization to provide 8 or
16 bit data, and 16 or 32 bit
addressing.

The microcontroller unit contains
the microinstruction store and the
associated circuitry required for the
execution of all channel and data-
stream commands. It uses the bus
interface unit in carrying out its
memory access tasks such as loading
the row buffers with display data.

The interaction between the mi- -
crocontroller unit and the display
generator takes place through shared
internal storage. The microcon-
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“The device provides the ability
to independently maximize the
performance of the CPU.”

troller unit fetches data from mem-
ory and writes it in the internal stor-
age, while the display generator
reads from the internal storage and
carries out the display operation.
The microcontroller unit and display
generator operate asynchronously
with respect to each other. Synchro-
nization is accomplished through
communication via internal flags
and display timing signals generated
by the display generator. The inter-
nal shared storage consists of row
buffers which store the display data
and internal registers which store
display parameters. There are two
row buffers each capable of storing
up to 200 characters. The data in
one row buffer is used by the dis-
play generator to display one com-
plete character row on the screen,
while the microcontoller unit is
loading the second row buffer with
display data fetched from memory.
At the end of the row being dis-
played, the buffers are swapped and
the microcontroller unit and display
generator resume their tasks.

The display characteristics regis-
ters contain all the information used
to control every aspect of display
characteristics from screen size to
blink rates. A major portion of this
register set is the three content
addressable memory (CAM) arrays
that allow flexible timing control for
row and screen characteristics. The
user has the power to set the param-
eters for the entire screen by invok-
ing a single high-level command.

By separating the video interface
clocks from the bus interface clock,
the 82730 provides the designer with
the ability to independently maxi-
mize the performance of the CPU
and video sections of the system.

The video interface consists of
two independent clocks: the Refer-
ence Clock (RCLK) and the Charac-
ter Clock (CCLK). While the
RCLK controls the raster timing
and defines the screen layout, the
CCLK independently shifts charac-
ter and attribute information out of

S4

the 82730, which allows proportion-
al spacing to be achieved.

Combining text and graphics

A major requirement in the design
of engineering workstations is the si-
multaneous display of both text and
graphics. In terms of graphics re-
quirements, the designer of such
systems needs a drawing processor
for fast geometric primitives, a math
processor for fast transformations
and a general purpose processor for
access to the graphics database.

For text, string processing is
needed for manipulation of text prim-
itives and database processing is
needed for access to the document
files. The solution to this problem
can be solved by using both the 720
graphics coprocessor and the 730
text coprocessor (Figure 2).

Both coprocessors work with In-
tel’s new 82586 communications co-
processor. This works in conjunc-
tion with a CPU and the appropriate
software to provide local area net-
work (LAN) control capabilities.
Message data to be placed on the
network by a microprocessor-based
work station is stored in shared
memory in transmit blocks. Pointers
(starting address information) to
these blocks are stored along with
processing instructions in other
shared memory blocks. Status infor-
mation and overall directives are
stored in system control blocks
which serve as the mailbox between
the CPU and the 82586.

When alerted by a channel atten-
tion signal, the 82586 will perform a
host of tasks involved in accessing
data to be transmitted from its loca-
tion in memory, framing the mes-
sage packets containing the data and
seeing to the transmission on the

‘network medium. In addition, the

82586 receives and buffers incoming
data which it then stores in shared
memory for the CPU to collect. It is
the CPU’s job to allocate the blocks
of memory for the LAN coprocessor
to store the received packet data. &
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Something exciting is going on. But like most significant
events, it is not happening quickly. Spurred on by
developments in integrated circuit technology, a new
generation of personal computers is taking shape, and the
IBM PC and its clones are at the forefront.

As IBM PC users, it’s sometimes hard to remember that
the inanimate metal boxes in front of us are susceptible to
evolution. But occasionally a product is introduced that
forces the complete redesign of our personal computers.

Integrated circuits (ICs), the devices that bring intelligence
to our machines, have reached a new level of technological
achievement, and now the computers that use them must
advance as well. Strange as it seems, these small silicon
chips are setting the guidelines for the next generation of
personal computers.

THE CHIP MAKERS

Now that personal computers have caught on, the semi-
conductor manufacturers who make ICs are eyeing the
swelling market for personal computer ICs.

Dozehs of newly developed semiconductor chips are being
aimed at the personal computer market. These chips range
from hard disk controllers that speed access time to linear
predictive coding processors for speech recognition. With
these new ICs driving personal computer design, we’ll
soon see machines we once only reasoned would exist:
diskless computers. running a wide array of software
loaded over telephone lines; computers that display text
exactly as it will be printed, with justified margins,
superscripts and subscripts, and bold and italic typefaces
on screen; and systems with greater, more accessible
graphics.

As computer design is simplified by these advanced ICs,
product differentiation will become greater. This portends
the death of those PC clones capable only of basic
spreadsheet and word processing operations. Instead, to
survive in the increasingly cost-competitive, standardized
personal computer market, small-system manufacturers
will tailor their products for niche markets.

BIG BLUE

Intel Corporation, located in Northern California’s re-
nowned Silicon Valley, is one of the largest and most
innovative chip manufacturers in the industry. IBM has
been committed to Intel products for years; the PCis built
around Intel’s 8088 microprocessor and, as recently as late
1982, IBM invested $225 million in a minority share of
Intel stock. A commitment this size is a good indicator of
IBM’s faith in Intel products. IBM’s good faith and
multimillion-dollar investment is guaranteed by Intel’s
long-standing promise that software written for the 8088
will run on all its future processors.

- By takinga close look at the Intel ICs, we can gain valuable
insight into the capabilities of the IBM PCs that will be
built around them. The design philosophy of Intel’s IC
family differs radically from that of competitors Motorola,
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National Semiconductor, and Zilog. Diverse chip designs
mean that the system designs of the IBM PC and its
competitors, such as Apple’s Lisa (based on the Motorola
6800 microprocessor), will also be radically different.

THE MICROPROCESSORS

Of the many Intel chips being produced, some will have a
greater impact on the computer industry than others. In
the vanguard will be the new microprocessors.

Design of the PC was shaped by IBM’s surprising selection
of the 8088. This choice caught most industry observers off
guard since IBM, also the world’s largest semiconductor
manufacturer, had traditionally used its own designs for
computer logic. Once Big Blue settled on the 8088, Intel’s
design philosophy was firmly implanted in the PC—from
the 8088’s segmented memory scheme to its 16-bit registers
and 8-bit bus.

Like the 8088, each of the four microprocessors Intel is
now readying for production could dramatically influence
the design and performance of tomorrow’s PCs.

The 80186. The recipe for putting an entire central
processing unit (CPU) board on one chip is easy. Take an;
8086 (the 16-bit bus big brother of the 8088), speed it up,
and then add most of the support chips essential to making
the 8086 run in a personal computer. Reduce the size with
the help of computer-aided design until all the chips fit
onto one sliver of silicon, and voila, you have the 80186
(186), an entire motherboard on a chip.

While firming up plans for full-scale production of the 186,
Intel is currently providing samples of the chip to computer
manufacturers, including MAD Computer and Durango
Systems. The rewards for using this newest chip are many:
manufacturing costs are cut since a single IC is less
expensive to buy than a boardful of them; physical CPU
size is reduced, opening the way to shrink overall computer
size or to put more power in the same box; and develop-
ment time is cut for computer designers, which means
considerable savings for system makers.

The 80188. If the 186 is too rich for your taste, the 80188
(188) may be more suitable. As with the 186; the 188’s core
CPU and support chips are melded on a single IC; like the
8088, however, the 188 has an 8-bit interface to the outside
world (the 186 has a 16-bit interface). The 188 decreases
costs by allowing computer manufacturers to use less
expensive 8-bit peripherals. Although the 186 has received
more publicity so far, the 188, aimed squarely at the
massive 8-bit computer market, is expected to be used in
greater numbers, at least in the short term.

The 80286. Powerful multiuser systems will benefit the
most from the 80286 (286), possibly the most powerful
microprocesor commercially available to date. Squeezing
150,000 transistors on a chip, the 286’s designers have
integrated a pair of HMOS-III (Intel’s own proprietary
process technology) 8086s and numerous other very large
scale integration (VLSI) components. The resultant chip is
two to three times faster than the Motorola 68000 even
though both chips can address about the same amount of
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memory. The 286 has very high speed (1.5 million instruc-
tions per second, five to six times faster than the 8086),
about 16 megabytes worth of addressable physical memory,
the ability to address a virtual memory of 1 gigabyte per
task (equal to the capacity of 100 IBM XT Winchester
drives), and the ability .to provide several layers of
muiltiuser security on chip.

The 80386. Not yet built, the 80386 (386) is promised for
1984, but the release date may slide to 1985. If the 286 is
vastly more powerful than the 8088 or 8086, then the 386’s
potential is staggering. Complementary metallic oxide
semiconductor (CMOS) process technology, which lowers
power consumption, is being used to build this 32-bit chip.
Intel, Motorola, and National Semiconductor are already
jockeying for position in what will be an intense compe-
tition for the 32-bit market. Motorola is claiming that its
68020 will be the first widely available 32-bit micro-
processor when it is introduced later this year, although
NCR has already scooped the industry with its 32-bit chip.
Hewlett-Packard, not to be outdone, has put 450,000
transistors on a single proprietary 32-bit microprocessor,
which is used in the $20,000 to $30,000 HP 9000 work
station.

How will these processors impact the personal computers
that use them? The most obvious effect will be faster
performance. Even the budget model 188 boasts two to
five times the instruction and execution speed of the 8088
intoday’s PC. A 286 is about twice again as fast as the 188,
and next year’s data-gobbling 386 will have more speed
than anyone can immediately use.

Since the 188 is ideal for low-priced portable computers, it
ceates the ironic probability that a PC-compatible portable
may soon by available that will run the IBM PC’s full line
of software and run it faster than the full-sized PC.

SOFTWARE ON SILICON

One chip ready to plug into the next generation of personal
computers is the 80150 (150) CP/M software-in-silicon
operating system. A complete CP/ M-86 operating system
is stored in ROM on this chip, along with drivers for input
and output devices.

Use of a 150 CP/M chip will eliminate the traditional
booting up procedure of loading an operating system disk
and reading its contents into operating RAM. Instead, the
user will simply turn on the computer and press a CP/ M-
86 button. Again and more importantly, this chip lowers
overall computer production costs since a disk drive and
attendant control circuits are replaced by a solitary chip.

Another chip, similar to the 150, has Intel’s proprietary
RMX operating system in silicon. This little-known RMX
chip is also suitable for present and future IBM PCs.

Many people question the wisdom of putting software in
silicon. “Software should be soft,” says Bill Gates, chair-
man of the board at Microsoft. He points out that
operating systems are constantly updated; for instance,
Microsoft will soon offer a revised version of MS-DOS
that supports networking. Such updates can’t readily be
added to a hardware production line and certainly won’t
help the ROM chips already in users’ computers.
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Still, Intel argues that its choice of CP/ M makes the 150
practical. “We picked CP/M because it is a mature
operating system,” Says Intel’s product marketng engineer
for software on silicon, Carl Buck. “We’d have more
difficulty with a less developed product.” The many
versions of MS-DOS helped eliminate that operating
system from consideration. Yet according to Digital

Research President John Rowley, Intel left some room on

the 150 chip to add to CP/M in the future.

Also, use of the 150 CP/M chip doesn’t preclude the use of
other operating systems. PC-DOS could still be loaded
into a system and run, making use of the 150’s input/ output
drivers.

PORTABLES

Having software on silicon opens the way for very
powerful diskless portable computers. The minimum
configuration for a 188-based unit with the 150 CP/M
operating system could include one or two BASIC
applications programs in ROM, providing spreadsheet
and word processing power in a unit the size of a keyboard
with a small flip-up screen. Intel Product Marketing
Engineer Tony Zingale suggests we may soon see truly
usable portables selling for around $500.

More ambitious and expensive portables could accept
applications software over telephone lines, loading them
into a variety of media. Several memory technologies will
compete for room in portable computers, including mag-
netic bubble memories, already being used in the Grid and
Teleram computers. Commercially available bubbles have
4 megabit capacity, while 10- to 16-megabit bubbles are
projected for the near future. Japan’s NEC reported a
major breakthrough that within 5 years will allow bubbles
to store 1 gigabit of data. Of course, 8 of those bits are
needed to store 1 byte of data.

Vying with bubbles in some applications and comple-
menting them in others are electronically programmable
read-only memories, or EPROMs. Like ROM, EPROMs
are nonvolatile chips. Unlike ROM, EPROMs can be
reprogrammed. Intel now offers 256K EPROMs, and it is
anticipated that other companies will offer 256K EPROMs
before the year’s end.

GRAPHICS

The space created on the motherboard by the 186 and
friends will enable computer designers to add more
graphics capability to their systems. Like the 150 there are
co-processor chips ready for the task.

A pair of Intel ICs, the 82720 (720) graphics display
controller and the 82730 (730) text co-processor, are
touted as providing vastly enhanced and simplified dis-
plays. With the 730, text can be displayed on the computer
screen as it will be printed out. Italics can be mixed with
straight text, and superscripts and subscripts are shown
without the annoying and often misleading arrows
common in today’s software.
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Editing can be speeded up by the 730’ support for split
screens, multiple windows, dual cursors, smooth scrolling,
and table-driven linked lists. Displays of up to 200
characters per row and 128 lines per screen can be
supported, and unique character sets, such as Arabic or
Japanese, can be built.

Even more capability can be added though the 720, an IC
that works with or without the 730. Introduced in
September 1982, the 720, a joint effort between Intel and
NEG, is said to be integral to graphics plans for NEC’s
8086-based Advanced Personal Computer.

One application in which the 720 and 730 will shine is
opening windows on-screen. Most computer users are
familiar with the ability of Apple’s Lisa to link spread-
sheets, graphics, and word processing through multiple
displays, or windows, on one screen. Lisa uses memory-
hungry software and dedicated hardware. Apple’s initial
release uses 1 full megabyte of RAM, and Lisa will soon be
offered with 4M of internal memory in addition to a
mandatory SM hard disk.

For comparison, the IBM PC, limited by the range of the
8088, can address 1M tops. VisiCorp’s Visi/ ON promises
Lisa-like graphics and program-linking capabilities for the
IBM PC, with lower memory demands and no dedicated
hardware other than a mouse. Although Visa/ ON sup-
posedly runs faster with an 8087 math co-processor,
VisiCorp will not comment on whether its software will
make use of the 720 or the 730.

BIT-MAPPED GRAPHICS

Both Lisa and Visa/ ON use bit-mapping, a process that
the 720 and the 730 are said to simplify. In plain words, to
create an image on-screen, the electron gun that illumi-
nates the screen must be positioned and then turned on
and off. Data to do this is stored in RAM as a bit-map
memory corresponding to positions of pixels lit on the
screen. For one-level monochrome displays, | memory bit
describes each pixel; for color and levels of grey, several
bits must be used to describe each pixel.

Creating images is a lengthy chain of simple operations. In
a system that uses the 8088 alone, the microprocessor is
heavily burdened and the software runs slowly. Using
complementary chips to take up part of the processing
chore will speed up the process considerably. This is where
the 720 and the 730 come in By doing tasks such as looking
up and manipulating a library of commonly used figures,
quickly accessing the bit-map memory, and rewriting the

" bit map, both chips speed text and graphics operations.

- FLAT VS. SEGMENTED MEMORY

Use of the 720 and the 730 demonstrates Intel’s design
philosophy and how this philosophy impacts the IBM PC.
Computers such as Lisa that are based on the Motorola
68000 have a flat memory, while computers based on the
8088 or 8086 use segmented memory. According to Intel,
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segmented memory (see “How the PC thinks,” PC World,
Vol. 1, No. 1) works better for text and graphics manipu-
lation than its flat counterpart. Ordinarily in processing
any string of characters, changing a single letter ina string
of text means repositioning every character ina document.
But since segmentation uses pointers to locate data in
memory, only the pointers locating the beginning and the
end of a passage of text have to be changed. Similarly,
pointers in memory can be used to position bit-map data
corresponding to multiple windows on-screen, eliminating
the need to recalculate and manipulate the entire bit map.
Segmented vs. flat memory has become somewhat of a
religious issue in the semiconductor industry.

Intel and Motorola also differ on how much burden to put
on the CPU. Motorola’s 68000 is faster than the 8088 and
the 8086 and can address more memory than either of
those chips or the 188 or the 186. But the 186 and the 286
are substantially faster than the 68000. Also, the 286’s
ability to address 16M opens the way to using large
memory segments, strengthening Intel’s case for seg-
mented memory.

In many 68000-based high-end systems the computer
designers have decided to use a co-processor, either bit
slice, or in one case, an 8086, to do graphics. Many people
are skeptical of Intel’s graphics approach, but Intel
maintains that its approach will allow computer designers
greater flexibility. Inan ultimate system, multiple 720s and
730s could be combined to handle interactive windows
under the direction of a 286 processor, while more
complex imagery (beyond the practical ability of bit-
mapping) could be managed by an 80287 math co-
processor, the next generation cousin of the 8087 The
creation of three-dimensional graphics that can be rotated
onscreen foradvanced computer-aided designand manufacturing
systems, for instance, is best handled by Vector Graphics
rather than bit-mapping.
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SOFTWARE DEMANDS

Yet there is more to computer design than hardware.
Software must be written to take advantage of the new
IC’s promise. In the case of the 286, no operating system
yet exists that can take full advantage of its operating
capabilities. Plug-ins currently on the market that add the
286 to the IBM PC provide little more than a faster 8086.
Only new operating software will use the new chips to their
fullest potential.

One solution on the horizon is a 286 version of XENIX
due to be introduced mid-1983, XENIX, a multiuser
operating system with a visual shell similar to MS-DOS, is
a takeoff on Bell Labs’ UNIX operating system. A
licensing agreement among Intel, Bell Labs, and Microsoft,
the author of XENIX and MS-DOS, is reported being
negotiated. Negotiations between Intel and Digital Re-
search to provide a CP/M variant for the 286 have been
underway for some time but have reportedly stagnated.

For lower-end systems Microsoft is said to be upgrading
MS-DOS to accommodate networking. This advance
comes at the right time, as the 188 and 186 open up sockets
that could be used for local area network chips such as the
programmable Ethernet chip from Intel.

As long as software and hardware keep growing rapidly
together, PC users will be offered a continuing stream of
improved computers and ever more capable plug-in
boards. The variety seems endless and next year’s crop
exciting.
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5C121
1200 GATE CHMOS
H-SERIES ERASABLE PROGRAMMABLE LOGIC DEVICE
m High Performance LS| Semi-Custom m Advanced Architecture Features
Logic Replacement for Gate Arrays and Including Programmable Output
Conventional Fixed Logic . Polarity (Active High/Low), Register
m EPROM Technology Based. UV By-Pass and Reset Controls
Erasable m Programmable Clock 8ystern for Input
® Programmable Macrocell and 1/0 Latches and Output Registers
Architecture; up to 36 Inputs or 24 "~ m Product-Term Sharing and Local Bus
Outputs, 28 Macrocells Including 4 Architecture for Optimized Array
Buried Registers Performance
m All Inputs are Latchable with a ® Compatible with LS TTL and 74HC
Programmable Latch Featuu_'e CMOS Logic
m High Speed tpp (Max) 50 ns Operating m Register Pre-Load and Erasable Array
Frequency (Max) 15 MHz - for 100% Generic Testability
m Low Power; 15 mW Typical Standby m Programmable “Security Bit” allows
Dissipation total protection of proprietary designs
m Typical Usable Gate Count of 1200 m Avalilable in a 40-Lead Window Cerdip
2-Input NAND Gates Package (see Packaging Spec, Order #231360)

The Intel 5C121 H-EPLD (H-series Erasable Programmable Logic Device) is an LSI logic circuit that is user
customizable through programming. This device can be used to replace gate arrays, mulitiple programmable
logic arrays and LS TTL and 74HC CMOS SSI and MSI logic devices. The logic capacity of the 50121 is
typically equal to 1200 two-input NAND gates.

The 6C121 H-EPLD uses CHMOS* EPROM (floating gate) cells as logic control elements instead of fuses.
Use of Intel’'s advanced CHMOS II-E EPROM process technology enables greater logic densities to be
achieved with superior speed and power performance The EPROM technology also enables these devices to
be 100% factory tested by the programming and the erasure of all the EPROM logic control elements i in the
device.

The architecture of the 5C121 is based on the ‘Sum of Products’ PLA (Programmable Logic Array) structure
with a programmable AND array feeding into a fixed OR array. Flexibility in accommodating logical functions
~ without the overhead of unnecessary product terms or speed penalties of programmable OR structures is
achieved through the provision of a range of OR gate widths as well as through product term sharing. The use
of a segmented PLA structure with local and global connectivity allows for further improvements in perform-
ance. The 5C121 also contains innovative architectural features that provide extensive Input/Output flexibility.
*CHMOS is a patented process of Intel Corporation.

RECOMMENDED OPERATING CONDITIONS Pin Configuration
Symbol Parameter Min | Max | Units akt 5 I Py
P vee
Vcc | Supply Voltage 4.75|5.25| Vv 4= HE A
=]
v, INPUT Voltage 0 [Vec| Vv = M =0
(M= sP s
Vo OUTPUT Voltage 0 |veo| Vv nd> =
/o, g8 spy
TA Operating Temperature| 0 { 70 | °C 7Y 2o,
. . /o3 10 3130,
tR INPUT rise Time 500| ns o, 11 Q /oy,
/05 ) 12 20 31/0y
tg INPUT fall Time 500| ns o5&} 13 2651/0
. /0,04 14 2701/0,9
. o] 13 26B31/0,4
1ot 16 23B/0,,
170,06 17 24[31/0,¢
1704, ] 18 23[31/0,5
1702 T4 19 220/0,,
Vs O 20 21[31/0,3 200098-1

ILLUSTRATIONS COURTESY OF ALTERA CORPORATION.

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent
licenses are implied. Information contained herein supersedes previously published specifications on these devices from intel. September 1985
© Intel Corporation, 1985 8-1 Order Number: 290098-001



intel

5C121 -

ADVANCE INFORMATION

ARCHITECTURE DESCRIPTION

The 5C121 H-EPLD has 12 dedicated inputs as well
as 24 Input/Output pins. All inputs to the circuit
(both dedicated and 170 inputs) may be latched us-
ing transparent 7475 type latches. In addition to
these 36 input latches, 28 D type registers are also
provided.

The internal architecture of the 5C121 H-EPLD is
based on 28 macrocells. Each macrocell (see Figure
1) contains a PLA structure (programmable AND ar-
ray product terms connected to an OR gate) and an
1/0 architecture control block (with a D flip flop) that
can be programmed to create many different output
logic structures. This powerful 1/0 architecture can
be configured to support both active-high, active-
low, 3-state, open drain and bi-directional data ports
all on a 4-bit wide basis. They can also act as inputs
on a nibble wide basis with optional input latching.

Macrocells in each half of the circuit are grouped

‘together for I/O architecture programming. Each
bank of four macrocells can be further programmed
on an individual macrocell basis to generate active
high or active low outputs of the logic function from
the PLA.

The primary logic array of the 5C121 is segmented
into two symmetrical halves that communicate via
global bus signals. The main array contains some
15104 programmable elements representing 236
product terms (AND gates) each containing 64 input
signals.

The macrocells share a common programmable
clock system (described in a later section) that con-
trols clocking of all registers and input latches. The
device contains 8 modes of clock operation that al-
low logic transition to take place on either rising or
falling edges of the clock signals.

The circuit further contains four macrocells whose
outputs are not tied to any 1/0 pin but feedback into
the array to create buried state-functions. The feed-
back path may be either the registered or combina-
tional result of the PLA output. The use of the buried
state macrocells provides maximum equivalent logic
density without demanding higher pin-count pack-
ages that consume valuable board space.

MACROCELL 1/0 ARCHITECTURE
The Input/Output architecture of the 5C121 macro-

“ cell (see Figure 1) can be programmed using both

static and dynamic controls. The static controls re-
main fixed after the device is programmed whereas
the dynamic controls may change state as a result
of the signals applied to the device.

The static controls set the inversion logic (i), register
by-pass (ii) and input feedback multiplexers (iii). In
the latter two cases these controls operate on four
macrocells as a bank.

The buried-state registers have simpler controls
which determine if the feedback is to be registered
or combinational.

The inversion control logic, marked (i) in Figure 1, is
achieved by programming the EPROM control bit
connected to the same XOR gate as the output from
the PLA structure. Programming or erasure of this
EPROM element toggles the OR gate output of the
PLA between active-high and active-low. The inver-
sion control operates on an individual macrocell ba-
sis.

The register by-pass control, marked (i) in Figure 1
allows the PLA output to either flow through the D
flip flop as a registered output or by-pass the flip flop
and be a combinational output.

The dynamic controls consist of a programmable in-
put latch-enable as well as reset and output enable
product terms. The latch-enable function is common
throughout the 5C121 and once chosen this function
will latch all the inputs. This function is programmed
by the clock control block but may also be driven by
input signals applied to pin 1 (see clock modes—Ta-
ble 1). :

The reset and output-enable controls are logically
controlled by single product terms (the logic AND of
programmed variables in the array). These terms
have control over banks of four macrocells.

The output-enable control may be used to generate
architecture types that include bi-directional, 3-state,
open drain or input only structures.
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Figure 1. 5C121 Macrocell I/0 Architecture

INTERNAL BUS STRUCTURE

The two identical halves of the 5C121 communicate
via a series of busses. The local bus structure that is
used for communication within each half of the chip

contains 16 conductors that carry the TRUE and’

COMPLEMENT of 8 local macrocells. In the block
diagram (Figure 2) of the 5C121 the local macrocells
are B-1 and B-2 on one half and A-1 and A-2 on the
other half.

The global busses (Input bus & Global feedback
from A-3 & B-3 macrocells & buried registers) are
made up of 48 conductors that span the entire chip.
These 48 conductors carry the TRUE and COMPLE-
MENT of the twelve primary inputs (pins 2 through 7
and 33 through 38), signals from 4 Buried Registers
as well as the global outputs of 8 macrocells in
groups A-3 and B-3.
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Figure 2. 5C121 Block Diagram
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SHARED PRODUCT TERMS

Macrocelis 9 & 10, 11 & 12, 17 & 18 and 19 & 20 (in
groups A-3 and B-3—the macrocells with global
feedback) have the facility to share a total of 16 ad-
ditional product terms. This sharing takes place be-
tween pairs of adjacent macrocells. This capability
enables, for example, macrocells 9 and 10 to ex-
pand to 16 and 8 effective product terms respective-
ly, and for macrocells 11 and 12 both to expand to
12 effective product terms. Figure 3 shows this shar-
ing technique in detail. This facility is primarily of use
in state machine and counter applications where
common product terms are frequently required
among output functions. '

MACROCELL-BUS INTERFACE

As discussed earlier, the macrocells within the
5C121 are interconnected to other macrocells and
inputs to the device via three internal data busses.

The product terms span the entire bus structure (lo-
cal feedback, global feedback and input buses) that

is adjacent to their macrocell (see Figure 4) so that
they may produce a logical AND of any of the vari-

. ables (or their complements) that are present on the

busses.

All macrocells have the ability to return data to the
local or the global bus. Feedback data may originate

. from the output of the macrocell or from the 1/0 pin.

Feedback to the global bus communicates through-
out the part. Macrocells that feedback to the local
bus communicate only to their half of the 5C121.
Connections to and from the signal busses are
made with EPROM switches that provide the repro-
grammable logic capability of the circuit.

Macrocells in groups A-3 and B-3 and the buried
registers all have global bus connections while mac-
rocells in groups A-1, A-2 and B-1, B-2 have only
local bus connections (see Block Diagram, Figure 2).
Advanced features of the Intel Programmable Logic
Development System will, if desired, automatically
select an appropriate macrocell to meet both the
logic requirements and the connection to an appro-
priate signal bus to achieve the interconnection to
other macrocells.

At each intersecting point in the logic array there exists an EPROM
EPROM-type programmable connection. Initially, all connections CELL
are complete. This means that both the true and complement of all CONNECTION
inputs are connected to each product-term. Connections are
opened during the programming process. Therefore any product 64 INPUT AND GATE
term can be connected to the true or complement of any input. —T |
When both the true and complement connections of any input are -{ }
left intact, a logical false results on the output of the AND gate. If
both the true and complement connections of any input are pro-
grammed open, then a logical ““don’t care” results for that input. If ,_< =
all inputs for a product term are programmed open, then a logical
true results on the output of the AND gate. ,_G
r
“+
Q D =+ @ ! G
CK y
——a
R )
|
4 |§ B X B
EPROM CELL LOCAL | GLOBAL INPUT
ARCHITECTURE  --D9ACK | BUS | BUS BUS
SWITCH SIGNA [ .
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-Figure 4. Macrocell-Bus Interface
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CLOCK MODE CONTROL

The 5C121 contains two internal clock data paths
that drive the input latches (transparent 7475 type)
and the output registers. These clocks may be pro-
grammed into one of 8 operating modes (see clock
mode Table 1). Figure 1 shows a typical macrocell
which is driven by the master clock signal CLK and
the input latch-enable signal ILE.

The master clock signal is input via pin 1. If pro-
grammed modes 4, 5, 6 & 7 are chosen, a second
clock signal is required which is input via pin 38 (see
Figure 5). Table 1 shows the operation of each clock
programming mode.

If modes 0, 1, 4, 5, 6 or 7 are chosen (i.e. latching of
the inputs is required), all inputs, both dedicated and
1/0, are latched with the same ILE signal. Data ap-
plied to the inputs when CLK1 is low (high) is latched
when CLK1 goes high'(low) and will stay latched as
long as CLK1 stays high (low). Levels shown in pa-
renthesis are for modes 1, 5 & 7 and levels shown
outside parenthesis are for modes 0, 4 & 6.

Care is required when using any of the clock modes
4, 5, 6 or 7, that require two input clock signals to
ensure that timing hazards are not created.

ERASURE CHARACTERISTICS

The erasure characteristics of the 5C121 are such
that erasure begins to occur upon exposure to light
with wavelengths shorter than approximately 4000A.
It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000-
4000A. Data shows that constant exposure to room
level fluorescent lighting could erase the typical
5C121 in approximately three years, while it would
take approximately one week to cause erasure when
exposed to direct sunlight. If the 5C121 is to be ex-
posed to these types of lighting conditions for ex-
tended periods of time, conductive opaque labels
should be placed over the window to prevent unin-
tentional erasure.

The recommended erasure procedure for the 5C121
is exposure to shortwave ultraviolet light which has
the wavelength 6f 2537A. The integrated dose (i.e.,
UV intensity X exposure time) for erasure should be

a minimum of fifteen (15) Wsec/cm2. The erasure
time with this dosage is approximately 15 to 20 min-
utes using an ultraviolet lamp with a 12,000 pW/cm2
power rating. The 5C121 should be placed within
one inch of the lamp tubes during erasure. The maxi-
mum integrated dose the 5C121 can be exposed to
without damage is 7258 Wsec/cm2 (1 week @
12,000 pW/cm2). Exposure to high intensity UV light
for longer periods may cause permanent damage.

FUNCTIONAL TESTING

Since the logical operation of the 5C121 is con-
trolled by EPROM elements, the device is complete-
ly factory tested. Each programmable EPROM bit
controlling the internal logic including the buried
state registers are tested using application-indepen-
dent test program patterns and erased before ship-
ment to customers.

To enable functional evaluation of counter and
state-machine applications, the 5C121 contains reg-
ister pre-load circuitry. This can be activated by in-
terrupting the normal clocked sequence and apply-
ing Vpp on pin 2 to engage the pre-load state. Under
these conditions the flip flops in the 5C121 can be
set to any logical condition and then return to normal
operation. This process simplifies the input se-
quences necessary to evaluate the counter and
state machine operations.

DESIGN RECOMMENDATIONS

For proper operation it is recommended that input
and output pins be constrained to the range GND <
(Vin or Vout) < Vge. Unused inputs should be tied
to an appropriate logic level (e.g. either Vg or GND)
to minimize device power consumption.

When utilizing a macrocell with an I/0O pin connec-
tion as a buried macrocell (i.e. just using the macro-
cell for feedback purposes to other macrocells), its
1/0 pin is a ‘reserved pin’. (The Intel Programmable
Logic Development System will label the pin ‘RE-
SERVED’ in the utilization report that it generates.)
Such an 1/0 pin will actually be an output pin and
should not be grounded. It should be left unconnect-
ed such that it can go high or low depending on the
state of the macrocell’s output.

Iin normal operation Vco/Vpp (pin 40) should be
connected directly to Vgg (pin 39).
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Table 1. Clock Programming (Key: L = Latched; T = Transparent)

Programmed . Input Signals ' Output Registers Clock
Mode . Are Latched When: Change State When: Configuration
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‘ eny /" L | eny o
? Inputs Not La’tchefi %rlﬂ ) _\_ 1 Clock
3 Inputs Not Latched :;I;rlﬂ ) _/_ , 1 Clock
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Figure 5. Programmable Clock Control System
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Abso-
Symbol P . i " Unit lute Maximum Ratings” may cause permanent dam-
ymbo arameter n ax_|"mS|  age to the device. This is a stress rating only and
Vo Supply Voltage(1) —-20| 70 v functional operation of the device at these or any
Vep Programming —20| 135 v other conditions above those indicated in the opera-
Supply Voltage(1) tional sections of this specification is not implied. Ex-
VoltageM@ | —0. 105 v posure to abgo/ute maximum ra(/ng cqnq’/f/ons for
Vi DC Input Voltage 0.5]Vec+05 extended periods may affect device reliability.
lcc DC V¢ Current(4) 100 mA
Tstg Storage Temperature —-65| +150 °C
Tamb | Ambient Temperature@®) | —10| +85 °C
NOTES:

1. Voltages with respect to ground.

2. Minimum DC input is —0.3V. During transitions, the in-
puts may undershoot to —0.2V for periods less than 20 ns
under no load conditions.

3. Under bias.

4, With outputs tristated.

D.C. CHARACTERISTICS T4 = 0° to 70°C, Vo = 5.0V +5%

Symbol Parameter Conditions Min | Typ Max Unit

VIH HIGH Level 2.0 Vec+0.3 \
Input Voltage )

ViL LOW Level -0.3 0.8 \
Input Voltage

VoH HIGH Level lo= —4.0mADC 2.4 \
Output Voltage

VoL LOW Level lo = 4.0 mA DC 0.45 v
Output Voltage

Iy Input Leakage Current V| = Vgg or GND +10.0 pA

loz 3-State Output Vo = Vgc or GND +10.0 pA
Off-State Current .

lcc1 -~ .| Ve Supply Current (Standby) | V| = Vggor GND | CMOS Inputs 3 mA
(Note 6) lo=0 TTL Inputs 30

lcce Ve Supply Current (Active) No Load CMOS Inputs 50 mA

f=10MHz TTL Inputs 100
los Output Short Circuit Current (Note 5) 130 mA
NOTE: ’

5. Output shorted for no more than 1 sec. and no more than one output shorted at a time. lpg is sampled but not 100%
tested.
6. Chip automatically goes into standby mode if logic transitions do not occur. (Approximately 50 ns after last transition.)

A.C. TESTING LOAD CIRCUIT A.C. TESTING INPUT, OUTPUT WAVEFORM

AA——
o
<

DEVICE
OUTPUT

70 TEST 2.4 - X
SYSTEM 045 W 2o =>TesT PoiNTs <z 25 ¥

34103 €, (INCLUDES JIG

1 | CAPACITANCE) 290098-9
DEVICE INPUT ;

RISE AND FALL =
TIMES < 6nS 290098-8 A.C. Testing: Inputs are Driven at 2.4V for a Logic ““1" and 0.45V
= for a Logic “0”. Timing Measurements are made at 2.0V for a
Cp = 30 pF a Logi surem
Cy Includes Jig Capacitance Logic 1" and 0.8V for a Logic “0".

¥
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A.C. CHARACTERISTICS T4 = 0° to 70°C, Vo = 5.0V +5%

toL & tcy measured at 0.3V & 2.7V.
All other timing at 1.3V.

Symbol Parameter Device 5C121-50 5C121-65 5C121-90 Unit
Conditions | Min | Max | Min | Max | Min | Max
tpD Non-Registered Input or I/0 50 65 90 ns
Input to Non-Registered Output
tpzx Non-Registered Input or 1/0 CL = 30pF 50 65 90 ns
Input to Output Enable
tpxz Non-Registered Input or I/0 50 65 90 ns
Input to Output Disable
tsu Non-Registered Input or I/0 37 47 62 ns
Input to Output Register Setup
tH Non-Registered Input or I/0 0 0 0 ns
: Input to Output Register Hold
tcH Clock High Time 20 25 30 ns
toL Clock Low Time C_=380pF | 20 25 30 ns
tco1 Clock to Output Delay 28 33 38 ns
tpq Minimum Clock Period (Register Output Feed- 50 55 75 ns
back to Register Input—Internal Path)
f4 Maximum Frequency (1/tp1) 20.0 18.2 13.3 MHz
tp2 Minimum Clock Period (tsy + tco1) 65 80 100 ns
fa Maximum Frequency (1/tp2) 15.0 12.5 10.0 MHz
tRsT Asynchronous Reset Time 50 65 90 ns
| -RST
tcoz Registered Feedback Through PLA 70 75 100 | ns
to output. Relative to External Clock.
tiLs Set Up Time for Latching Inputs 0 0 0 ns
tiLH Hold Time for Latching Inputs 15 20 25 ns
tcic2 Minimum Clock 1 to Clock 2 Delay 40 50 65 ns
tiLDFS Input Latch to D-FF Setup Time Mode 0, 1 40 50 65 ns
toFILS D-FF to Input Latch Setup Time 25 30 35 ns
tp3 Minimum Period for a 65 85 100 [ ns
2-Clock System (Tcic2 + tco1)
f3 Maximum Frequency (1/tp3) 15.0 12.0 10.0 MHz
SWITCHING WAVEFORMS
'—r»r ‘ “l"‘l“ ’
CLK / \ y \ / \
[+tsu~ th
INPUT MAY CHANGE ,‘ yaLe INPUT MAY CHANGE INPUT OR 1/0 INPUT )(
F-tco1 % Durees
FROM REGISTER
To'Ueor — VALID OUTPUT e &
P —— [—1
'$8M035%’I§A '30)'&:.’55?369“ 1‘“""’ ouTPUT COMB_INmL 0 —.i HIGH IMPEDANCE
= st b . YR D o — 5
As;rédscgngd%ﬁ_n le— tpzyx —
HIGH IMPEDANCE VAl oLt
290098-10 S=STATE {__VALID OUTPUT
tNROJ st; 6 ns 290098-11

NOTE:

Above waveforms shown for clock modes 2 or 3 (tgy & ty are as in modes 2 & 3; no ILE signal is used).
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5C121
CLOCK MODES
SWITCHING WAVEFORMS )
2-CLOCK SYSTEMS: MODES 4 THROUGH 7
1-CLOCK SYSTEM: MODES 0 AND 1 CLK1 PIN 1 CONTROLS THE INPUT LATCH CLOCK
CLK2 PIN 38 CONTROLS THE D-FF CLOCK.
toriLs
e———tLOFS ——= |+—+]
—_— 4 4
e Pm) X /——\ X CLK1 (PIN1) —'_'-1"_“ \__’
N -t s I~
o 16 WPUTS
6 NPUTS X X
-~ tco1
REGISTERED { [~ tetez —
OUTPUT CLK2 (PIN 38)
[—— tpo teor
[COMBINATIONAL REGISTERED ‘{V
— (1 Fe——1tpzx le—— tpp
COMBINATIONAL
OR REGISTERED H COMBINATIONAL

: 290098-12
INVERT CLK1 FOR MODE 0

1-CLOCK SYSTEM: MODES 2 AND 3

ten
toief |
CLK1 (PIN1) _\‘—_ _.1/ \

ty =
tgy —
INPUTS OR
1/0 INPUTS
—| tco1
REGISTERED
OUTPUT
I+-tco2
FEEDBACK
OUTPUT
INPUTS OR
1/0 INPUTS X_ X
— o
COMBINATIONAL
OUTPUT

COMBINATIONAL
OR REGISTERED
OUTPUT

-~ tpxz p -‘szq

290098-13
INVERT CLK1 FOR MODE 2

e—tpxz —tpzx
COMBINATIONAL
OR REGISTERED
OUTPUT

290098-14
INVERT CLK1 FOR MODES 5 & 7
INVERT CLK2 FOR MODES 4 & 5
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Intel Programmable Logic
Development System (iPLDS)

The iPLDS provides all the tools needed to design
with Intel H-Series EPLDs or compatible devices. It
contains comprehensive third generation software
that supports four different design entry methods,
minimizes logic, does automatic pin assignments
and produces the best design fit for the EPLD se-
lected. It is user friendly with guided menus, on-line
- Help messages and soft key inputs.

In addition, the iPLDS contains programmer hard-
ware in the form of an expansion card for the PC
with programming software to enable the user to
program EPLDs, read and verify programmed de-
vices and also to graphically edit programming files.
The software generates industry standard JEDEC
object code output files which can be downloaded to
other programmers as well. The iPLDS includes
5C121 H-series EPLD samples.

8-13

The iPLDS has interfaces to popular schematic cap-
ture packages (Dash series from Futurenet and PC
CAPS from PCAD) to enable designs to be entered
using schematics. However, hand-drawn schematics
can be entered just as easily using the Logic Builder,
interactive netlist entry program included in iPLDS.
The other design entry formats supported are Boole-
an equation entry and State Machine design entry.

The iPLDS is compatible with IBM PC, PC XT or PC
AT and other equivalent machines with the following
configuration:

(1) Dual floppy disk drive or hard disk drive

(2) MS-DOS Operating System Version 2.0 or later
release

() 384K Memory

(4) Intel device prdgramming card and unit (supplied
with iPLDS).

Detailed information on the Intel Programmable Log-
ic Development System is contained in a separate
Intel data sheet on this product.
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5C060
600 GATE CHMOS
H-SERIES ERASABLE PROGRAMMABLE LOGIC DEVICE

m High Performance LS| Semicustom m Programmable Clock System with Two
Logic Replacement for TTL and 74HC Synchronous Clocks as well as
SSI and MSI Logic Asynchronous Clocking Option on All

m CHMOS EPROM Technology Based. Reqnsters .
UV Erasable ‘ m Programmable Registers. Can be

m 16 Macrocells with Programmable 1/0 Configured as D, T, SR or JK Types
Architecture; up to 20 Inputs (4 m Programmable ‘Security Bit’ Allows
Dedicated, 16 1/0) or 16 Outputs Total Protection of Proprietary Designs

m High Speed tp4 (max) 35 ns. m Register Pre-Load and Erasable Array
Operating Frequency (max) 33.3 MHz for 100% Generic Testability

m Low Power; 10 uW Typical Standby m Small Footprint 24-Pin 0.3"” Cerdip
Dissipation Package

(See Packaging Spec., Order #231369)
m High Performance Upgrade for

Commonly Used 24 Pin PLDs

The Intel 5C060 H-EPLD (H-Series Erasable Programmable Logic Device) is an LS| logic circuit that is user
customizable through programming. The 5C060 is ideally suited for replacing TTL and 74HC type SSI and MSI
logic devices as well as conventional 20 and 24 pin programmable logic devices. This device is socket
compatible with most 24 pin programmable logic devices and has the additional benefits of low power and
increased flexibility. The logic capacity of the 5C060 is typically equal to 600 two-input NAND gates.

The 5C060 H-ELPD uses CHMOS EPROM (floating gate) cells as logic control elements instead of fuses. Use
of Intel’'s advanced CHMOS II-E EPROM process technology enables greater logic densities to be achieved
with superior speed and power performance. The EPROM technology also enables these devices to be 100%
factory tested by the programming and the erasure of all the EPROM logic control elements in the device.

The architecture of the 5C060 is based on the ‘Sum of Products’ PLA (Programmable Logic Array) structure
with a programmable AND array feeding into a fixed OR array. The 5C060 has unique architectural features
that allow programming of all 16 registers to D, T, SR or JK configurations without sacrificing product terms.
These registers can be either clocked asynchronously or in banks with two synchronous clocks.

\/

cLk1 1 24P Ve

INPUT ] 2 23 J INPUT
yoqs 221/0
/o 4 211/0
1/os 201/0
/0] 6 19Q1/0
o7 181/0
i/o]s 171/0
iyo9 161/0
i/o] 10 15sQ1/0

INPUT ] 11 143 INPUT
GND [} 12 130 cLk2

290104-1
Pin Configuration

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent .
licenses are implied. Information contained herein supersedes prevuously published specifications on these devices from Intel. November 1985
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