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Preface

Graphics processing is a significant area of application for INMOS devices. The INMOS Graphics Data-
book has been published to provide comprehensive information regarding the current range of INMOS
graphics devices.

The databook comprises an INMOS overview, engineering data and applications information for the IN-
MOS IMS G171, G176 and G178 Colour Look-Up Tables (CLUTs), the INMOS IMS G300, G332 and G364
Colour Video Controllers (CVC) and the INMOS G180 high performance CLUT.

Device
IMS G180
8, 16, 32 bit/pixel multimedia CLUT,
mixed true-colour and pseudo-colour
IMS G364
1, 2, 4, 8, 15, 16, 24 bit/pixel CVC
64 bit pixel input and on-chip
cursor store
IMS G332
1,2, 4, 8, 15, 16 bit/pixel CVC
32 bit pixel input and on-chip
cursor store
IMS G300
1,2,4,8,24
bit/pixel GVC
32 bit pixel input
IMS G178
6/8 bit CLUT
IMS G176
6 bit CLUT
IMS
G171
6 bit
CLUT
———t—t——H — : —t—t '. —
35 40 50 60 66 80 100 120 140 150 160 180 200
MHz
VGA graphics workstation graphics

Applications of the INMOS graphics family
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The INMOS family of colour look-up tables provide the analogue output stages for colour graphic systems.
The device consists of a high-speed random access store or look-up table, three DACs, a pixel word mask
and a microprocessor interface.

The INMOS family of colour video controllers provide all necessary functions for controlling real time opera-
tion of a raster scan video system, using dual ported DRAMs. The devices integrate all video timing and
control circuitry, bit map to screen refresh management, colour expansion and gamma correction (via a
look-up table) and digital to analogue conversion into a single device. An on-chip phase-locked loop and
pixel multiplexer means that all pixel and clock inputs to the CVC are at low frequency TTL levels.

The INMOS IMS G180 CLUT provides the output stages for very high resolution mixed true-colour and
pseudo-colour graphics systems. The device combines a versatile pixel multiplexer together with three
independent colour channels, each comprising two look-up tables, an overlay table and a high perform-
ance video DAC. The device also performs intemal clock acceleration so that a TTL clock (at the same
rate as pixel data) can be supplied. It can be configured to various pixel formats including a mode to easily
mix 24 bit true-colour and 8 bit pseudo-colour images on the same screen (picture in picture).

In addition to graphics devices, the INMOS product range also includes transputer products, digital signal
processing devices and fast SRAMs. For further information concerning INMOS products please contact
your local SGS-THOMSON sales outlet.
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11 Introduction

The SGS-THOMSON Microelectronics Group is a major supplier of a wide range of semi-conductor de-
vices and commands leading market positions in many product areas. The recent acquisition of INMOS
has strengthened SGS-THOMSON's portfolio. INMOS, based in the UK, manufactures microprocessors
called transputers, colour graphics devices, digital signal processing devices and very fast SRAMs. Oper-
ating in the same way as all divisions of the SGS-THOMSON Microelectronics Group, INMOS services its
customers through the corporate SGS-THOMSON sales network.

INMOS is arecognised leader in the design and development of high-performance integrated circuits and

. is a pioneer in the field of parallel processing. Components are designed and manufactured to satisfy the
most demanding of current processing applications and also provide an upgrade path for future applica-
tions. Current designs and development will meet the requirements of systems in the next decade. Comput-
ing requirements essentially include high-performance, flexibility and simplicity of use. These characteris-
tics are central to the design of all products.

INMOS has a consistent record of innovation over a wide product range and, together with its parent com-
pany SGS-THOMSON Microelectronics, supplies components to system manufacturing companies inthe
United States, Europe, Japan and the Far East. As developers of the transputer, a unique microprocessor
concept with a revolutionary architecture and the 0Occam parallel processing language, the standard has
been established for the future exploitation of the power of parallel processing.

This databook concentrates on the INMOS graphics product lines, those of VGA compatible Colour Look-
Up Tables, Colour Video Controllers and very high performance Colour Look-Up Tables all of which are
aimed at colour graphics systems.

In 1985 INMOS launched the first Colour Look-Up Table (CLUT) and soon established a wide customer
base. Minimal enhancements resulted in the introduction of the IMS G171 in 1986. This device rapidly
became the industry standard and was adopted by IBM for incorporation into the IBM PS/2 range of PCs.
The IMS G171 is curmrently available in a 28 pin DIP package and at speeds up to 50MHz. A high speed
version of the IMS G171, designated the IMS G176, was thenreleased in 1987. This device is available in28
pin DIP and both 32 and 44 pin PLCC at speeds currently up to 66MHz, (but up to 80MHz in Q1 1991). A
version of the IMS G171 with higher colour resolution is also available, designated the IMS G178, it has
selectable 6- or 8-bit DACs, providing a total colour choice of over 16 million colours. It is available at
speeds up to 80MHz and in both 32 and 44 pin PLCC packages.

In 1989 INMOS launched the first Colour Video Controller (CVC), the IMS G300. This device found immedi-
ate success and has been designed into many different systems. The IMS G332 and IMS G364, launchedin
1990, build on the success of the IMS G300 architecture and were designed in response to customer re-
quests following much consultation. The CVC integrate all video timing and control circuitry, bit map to
screen refresh management, a colour expansion and gamma correction look-up table and digital to ana-
logue conversion into a single chip.

In addition to extending the CLUT and CVC ranges INMOS has also diversified into very high performance
CLUTs with the IMS G180. The IMS G180 is a combined true-colour and pseudo colour look-up table in-
tended for high resolution true-colour systems. Integrating all three colour channels, multilplexed pixel
ports and a phase-locked loop, the device requires no high frequency inputs.

The SGS-THOMSON Microelectronics Group is constantly upgrading, improving and developing its prod-
uct range and is committed to maintaining a global position of innovation and leadership.
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1.2 Production

INMOS products are currently manufactured at Newport (UK) with additional facilities available at Carroll-
ton (USA).

Advanced manufacturing equipment is used in these facilities to produce high performance devices, some
consisting of up to one million transistors. Wafer steppers, plasma etchers and ion implanters form the ba-
sis of fabrication.

1.3 Quality and reliability

A description of the SGS-THOMSON Microelectronics approach to Quality and Reliability is included later
inthis databook. The subject is comprehensively detailed inthe SGS-THOMSON Microelectronics Quality
and Reliability publication SURE 5. This program is applied totally to INMOS products.

1.4 Future developments

1.4.1 Research and development

The SGS-THOMSON Miroelectronics Group has achieved technical success based on a position of lead-
ership in products and process technology in conjunction with substantial R&D investment, which in 1989
represented 19% of sales, well above the estimated worldwide average of 15% for the top ten semi-con-
ductor manufacturers.

1.4.2 Process developments

New process technologies are continuing to be developed for next generation products. Work is nowtaking
place to scale down current technologies while new sub-micron CMOS technologies are being brought
into production.






®
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2.1 The advancing graphics market

Recent years have seen graphics systems playing an increasingly important role in computer technology.
The potential for future growth is expanding as the power of computer graphics hardware increases. Busi-
ness systems, Graphics Design, Animation, Desktop publishing, CAD/CAM Workstations and Medical
Imaging are just some of the application areas. The benefits offered to so many systems are likely to ensure
continued and increasing demand for graphics and graphical interfaces for many years to come. Better
communication of information, better user productivity and the introduction of computer systems to a wider
non-technical audience are just some of the reasons behind the increasing importance of computer graph-
ics. The growing volumes for graphics-based systems and the advances in silicon technology have both
contributed to reducing costs of such systems and thus fuelling further increases in performance.

The trend towards higher resolutions, more colours and faster screen updates has spawned improved tech-
nology in computer graphics hardware. The need for high data rates in graphics systems was a major push
in the development of fast DRAMs for example. Fast access modes such as page and nibble mode were
the first steps in the quest to increase bandwidth, and now dual port video DRAM’s with their on-chip serial
shift registers are the most popular component for building high speed frame buffers.

One other significant component which has helped to enhance the performance of todays graphics sys-
tems is the colour palette or Colour Look-Up Table (CLUT). This is the device which converts the high-
speed digital pixel data into the analogue signals required to drive an analogue colour monitor.

2.2 CLUTs and colour representation

With the developments in the performance of graphics systems has come the requirement to display many
more colours on the screen. Increased resolutions demand a wider total range of colours, thus giving the
subtle degrees of shading that the resolution makes possible. The bit-mapped method of storing a raster-
scan image means that the more information about any pixel that has to be stored (e.g. its colour and inten-
sity) the more memory itrequires in the frame buffer. In a true~colour system, a single bit per pixel obviously
gives ablack and white display - each pixel is either on or off. Three bits per pixel (one for each colour gun)
gives only eight crude colours, totally inadequate for serious graphics work. Increase this to say 8 bits per
gun (24 bits per pixel) and you have a total colour range of over 16 million, which is more appropriate forthe
fine shading required by the solids modelling and CAD/CAE applications of today.

However, there is a price to pay. If a reasonable range of colours is provided, the overall memory require-
ment soon becomes prohibitively large, as does the processing power required to manipulate this data. For
example, if each pixel ina 1Kx 1K display used 8 bits to describe the intensity of each colour gun the overall
memory requirement would be 3Mbytes. The main problem with this would be the cost, but it would also be
difficult for a drawing processor to manipulate this amount of data quickly enough to avoid annoying delays
whilst the screen is being updated.

The colour look-up table, or pseudo-colour approach is to store a much smaller amount of data for each
pixel, and to use this data to reference a location in a colour table. The table which contains the colour
definitions then provides a larger amount of data to describe the particular colour required. The colour defi-
nitions stored in the table can be changed by the host processor according to the particular application.
Typical CLUTs can accomadate up to 256 colours in a table or ‘palette’ at any one time, with each entry in
the table being perhaps 18 or 24 bits wide. An 18 bit wide colour value (6 bits for each for red, green and
blue) provides a choice from a total range of 264,144 colours, whilst a 24 bit colour value increases the
choice to over 16 million shades.

The key factor in the colour look-up table solution is the availability of an enormous range of possible co-
lours, but the acceptance that for a particular application, only a smaller sub-set of those colours will ever
need to be displayed on the screen at any given time. Someone developing a flight simulator program may
desire a large number of earth tones, predominantly greens and browns, with which to render his land-
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scape; a solid modelling application may require various shades of one colour to give objects the illusion of
depth, shape or illumination; a portrait library forming part of a security database may require only skin
tones to portray human faces. The aesthetics and ergonomics of colour selection are also well catered for
by the Colour Look-Up Table solution. Choosing a range of colours which are both pleasing and safe to
look at for long periods can be important for, say, PCB layout where the designer may spend many hours
looking at hundreds of fine lines packed closely together.

2.21 Where does a CLUT fit Into a graphics system ?

Modem bit-mapped graphic displays work by building up a complete image from a two-dimensional array
of picture elements or pixels. Each picture element defines the colour of its respective point on the screen.
The number of pixels across one line and down one column of the image defines the screen resolution
of the system.

Generally the image is stored pixel-by-pixel in a frame store built from RAM. For every pixel a code is stored
to represent the colour of that pixel (in the case of a monochrome system this will be just a representation
of the intensity). If a colour graphics system allocates n bits of data for each pixel then clearly each pixel
can be displayed as one of 2" colours. 8-bit pixels, for example, allow 256 possible colours, 24-bit pixels
allow approximately 16 million colours.

In a VGA system the task of turning digital pixels into analogue red, green and blue signals to feed to a
colour monitor is the function performed by a Colour Look-Up Table or CLUT.

CLUTs use the digital pixel as an address into a table of colour values. For an eight bit pixel there will be
256 entries in this table, one for each colour. Each entry in the colour table Is divided into three components,
one each for the red, green and blue intensity components of that colour. In the case of the IMS G171 and
G176 each intensity value is a 6 bit number and so the total colour value contains 18 bits.

Whilst the number of locations in the colour table determines the number of available colours on the screen
at any one time, it is the size of each entry in the colour table which determines the total number of colours
from which the choice can be made. If there are 18 bits in each colour value, then the colour value may
be chosen from 218 or 256K possible colours. However since there are only 256 locations inthe colourtable
only 256 of these are available for display at any given time. The choice is therefore 256 from 256K colours.

Once a colour value has been fetched from the location addressed by the pixel address it is split into its
three components and fed to three DACs to convert the red, green and blue values to analogue form. The
analogue signals generated by the DACs are then driven out of the CLUT to the monitor. It Is the resolution
of the DAC which determines the colour resolution of the system. The 6-bit DACs in the G171 for example
allow 26 or 64 different intensity levels for each of the red, green and blue components of a pixel. 4-bit DACs
would allow 16 levels and 8-bit DACs would allow 256 levels.

2.3 The INMOS CLUT history

By drawing on its previous experience with high-speed memory devices, INMOS introduced its first CLUT
in 1985. The first example, the IMS G170, provided a palette of 256 colours, from a total range of over 256K
colours. Additional features such as the implementation of composite sync on the outputs, a pixel mask
register and compatibility with industry video signal standards made it an instant success, offering a cheap-
er yet better performance option to many of the existing hybrid solutions. The current INMOS family of
CLUTs provides a range of speed, functionality and cost. Further members of the family are under develop-
ment.

The success of these parts can be judged by their rapid uptake by many of the industry’s biggest colour
graphics users, the greatest testament being their use by IBM in the range of PS/2 machines for their VGA
graphics systems.



2.3.1 The INMOS VGA compatible CLUT range

The INMOS family of VGA compatible CLUT products currently extends to 4 members with further products
under development. Those available now offer a range of different functionality, packaging and maximum
pixel rates as summarised below:

Part Number Pixel Rates DAC Resolution Package
IMS G171 35, 50 6 bits 28 pin DIP
IMS G176 40, 50, 66, 80 6 bits 28 pin DIR, 32 pin PLCC, 44 pin PLCC
IMS G176L 50 6 bits 28 pin DIP, 32 pin PLCC, 44 pin PLCC
IMS G178 40, 50, 66, 80 6/8 bits 32 pin PLCC, 44 pin PLCC

The IMS G171 is the device used by IBM in all PS/2 machines, so is fully VGA compatible.

The IMS G176 is upwardly compatible with the IMS G171 and is therefore ideal for use in PS/2 VGA compat-
ible systems.

The IMS G176L is a power-down version of the IMS G176 and has been designed to have a guaranteed
standby power supply current of less than 10mA. |t is ideal for battery powered machines such as lap-top
and note-book Computers.

The IMS G178 is upwardly compatible with the IMS G176, and adds the option of 8 bitvideo DACs as well as
the ability to generate composite video signals. It is ideal for advanced VGA graphics systems.

2.3.2 Choosing your device — functionality

For most medium-high resolution colour displays it is accepted that 6-bit DAC resolution is sufficient. This
gives a total colour choice of 262,144 colours which can be programmed into the CLUT. For very high reso-
lution applications such as CAD/CAE workstations where 3-D solid modelling requires ultra-smooth shad-
ing, INMOS provides the IMS G178. This has 8-bit DAC resolution, giving a total colour choice of over 16
million colours, but can also be switched back to offer compatibility with 6-bit DAC application software.
The range of colour video controllers and the IMS G180 all have an 8-bit DAC resolution.

The provision of horizontal and vertical synchronization signals to a monitor are required to indicate the
end of a line or frame of display information. These sync signals can be provided on a separate wire to
the monitor or superimposed onto the analogue video signals to give Compaosite Video (see Glossary of
Terms.) The choice of method is largely dependent on the type of monitor used. Some are switchable to
operate on either scheme. This superimposition of video and sync signals can be performed internally on
the IMS G170 or G178 devices.

On parts with read-back the contents of the colour table may be read as well as written, i.e. the micropro-
cessor interface is bi-directional. This is used mainly for self-testing purposes, and also avoids any need
to keep a shadow copy of the colour table when one application is ‘switched out’ to make way for another
application requiring a different colour selection. The IMS G171, G176 and G178 all provide this facility.

2.3.3 Choosing your CLUT~ speed selection
A first-pass calculation for the pixel data rate required can be obtained
by multiplying:
Horizontal Resolution X Vertical Resolution X Frame Refresh Rate
Hres X VRes X Frsh
eg. 480 x 320 x 60Hz = 18.5MHz

However, as the desired resolution increases the amount of time which the monitor spends in horizontal
and vertical blanking (while the electron beamretraces to the start of the line or frame) becomes significant.
Since this reduces the actual time available for pixel refreshing, the pixel data rate must increase according-
ly. These blanking parameters are a function of the particular monitor used. To display higher resolution
images a better quality monitor is required which has shorter retrace times.
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If Horizontal Blanking Time = Hg
Vertical Blanking Time = Vg g
Time taken per second in blanking:
Tewk = (VRes X FasH X Hpk) + (FrsH X VLK)
So time remaining for pixel refreshing:
Tarn = 1 - Talk
Pixels to be refreshed per second:
Prr = VRes X Hpes X FasH
Therefore the pixel data rate required:

_ Prry - Viaes X Haes X Hasn
Tern 1= Fasul(Vaes X Haw) + Ve

In this way the actual maximum pixel data rate required for the particular application and monitor used can
be calculated, and the appropriate device selected.

2.3.4 Colour Video Controllers

Historically, high-performance graphics systems were often implemented using graphics specific proces-
sors as the drawing engines which provide CRT control signals, perform bit-map operations and take some
of the more computationally intensive tasks away from the host processor by the implementation of a set of
hard-wired primatives. However, there is a danger with casting drawing algorithms in silicon. With graph-
ics algorithms continually changing, any drawing primative that is hard-wired into the silicon becomes ex-
pensive and time-consuming to replace. As the host processor is isolated from the graphics bus, there is
also the danger that the host processor may become restricted by the often inferior capacity of the drawing
engine to connect to the bit-map. The trend now therefore is for drawing algorithms to remain in software,
running on a general-purpose processor, or if performance dictates - several processors.

The new Colour Video Controller (CVC) range from INMOS supports this system architecture by providing
all of the necessary functions for controlling real time operations of a graphics system. The facilities pro-
vided are designed to isolate the host processor from the constraints of the real time system without in any
way interfering with the ability of the processor to specify and manipulate screen data and leads the way
into flexible and truly upgradable graphics systems.

The Colour Video Controller can interface to any standard processor and to any monitor. The device inte-
grates an 8-bit CLUT, a fully programmable video timing generator (VTG), a phase-locked loop (PLL) and
an intelligent memory interface to support video DRAMS, all on a single device. 1t offers a solution to the
real-time problems of bit-mapped graphics systems and interfaces to the host processor, frame store and
monitor with the minimum of extemal circuitry.

The support of dual-ported Video DRAMs is essential for high performance systems to allow the maximum
drawing band width between processor and bitmap. The CVC handles all the bitmap to screen operations,
including screenrefresh, address generation (interlaced or non-interlaced) video synchronisation and co-
lour conversion. Whilst many video controllers have claimed to support Video DRAMSs effectively, the IN-
MOS Colour Video Controller is the first to allow seamless mid-line updates of the screen, thus allowing the
bit-map to be configured to any shape of display. Screen sizes are no longer restricted to multiples of the
serial shift register length, so wastage of the bit-map is eliminated.

Multisync monitors available now address the problem of interfacing to a variety of systems with different
CRT timing signal outputs, yet this could be seen as addressing the problem from the wrong direction.
Expensive multisync monitors are partly a solution to the limitations of the graphics controller device which
provides only fixed or limited programmability of their timing signals. The Colour Video Controller on the
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other hand, approaches the problem from the other direction by providing a fully programmable video tim-
ing generator, allowing the analogue outputs to be configured to support any monitor or a selection of stu-
dio television standards - all within software. Thus by simply reprogramming the VTG registers in the CVC,
a graphics board can be designed which has the ability to drive a range of colour displays.

Itis important, when considering a video data conversion system, to chose a monolithic approach. Having
all three DACs and the video timing generator on the same chip greatly reduces the problems usually en-
countered with separate chip solutions such as those associated with matching DAC linearity and pixel
timing on the screen.

The CVC performs pixel data multiplexing and on-chip clock multiplication by the use of a phase-locked
loop, so that there are no video rate digital signals or clocks extemal to the chip. This minimises the need for
high-speed digital design, all external components can be low-cost CMOS or TTL; radiated emissions are
kept low, giving easy compliance with Federal Communications Commisions regulations, ‘and design
times and production costs are held to a minimum.

The other advanced features supported by each member of the CVC range is summarised below.

e The IMS G300 CVC supports 1, 2, 4 and 8 bit pseudo colour pixels as well as providing a gamma
corrected 24-bit per pixel full-colour mode.

« The IMS G332 CVC supports 1, 2, 4 and 8 bit pseudo colour pixels as well as providing gamma
corrected 15- and 16-bit true-colour pixels. It also provides an on-chip cursor store and is able
to support interleaved banks of Video DRAMs.

* The IMS G364 CVC supports 1, 2, 4 and 8 bit pseudo colour pixels as well as providing gamma
corrected 15- and 16-bit true—colour pixels and gamma comected 24-bit full-colour pixels. ltalso
provides an on-chip cursor store and is able to support interleaved Video DRAMs. This device
has a 64-bit pixel bus and is particularly suitable for Intel i860 based systems.

The Colour Video Controller family is a further example of INMOS’ successful and innovative approach to
chip design and demonstrates INMOS’ commitment to remain the dominant force in the growing graphics
market place.

2.3.5 High-Performance CLUTs

ltis clear from the developments at the leading edge of graphics systems research that the graphics market
will continue to demand higher pixel and colour resolutions, more functional integration, and faster speeds,
and yet all at suitably competitive prices.

The IMS G180 Combined True Colour and Pseudo Colour Look-Up Table is designed to meet these require-
ments and to provide the high-end system designer with a large amount of integrated functionality, whilst
leaving enormous flexibility for the designer to tailor the system for his particular application. The IMS G180
provides a single chip solution for any high resolution true-colour application such as true-colour worksta-
tions, multimedia graphics systems, interactive real-time video and graphics and digital video editing and
manipulation.

The device integrates all three colour channels as well as a programmable pixel multiplexer and a phase-
locked loop. Each of the three colour channels is independent and contains a pseudo-colour look-up
table for colour expansion, a gamma coirecting table, an overlay look-up table and a high-speed video
DAC. The provision of pixel multipiexing and matching clock multiplication provides a solution where all
inputs to the CLUT are at low-frequency TTL levels.

The device can be configured to work with a range of pixel sizes: 8-bit pseudo colour, 16-bit true colour or
32-bit mixed pixel (24-bits full-colour and 8-bits pseudo colour). True colour and pseudo colour images
can easily be switched between independent ports on a pixel by pixel basis, where various compositing
modes are supported to select the desired pixel.
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All these features make the IMS G180 an ideal component for the next generation of high performance co-
lour graphics systems, and shows INMOS’ ongoing commitment to this sector. With this and other devices
under development INMOS intends to maintain its reputation as an innovative and quality supplier of VLSI
devices. ‘
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IMS G171

High performance CMOS
colour look-up table

Designed to be compatible with
IBM PS/2, VGA graphics systems

Timing vCC
PCLK ———
generator [~—— VSS
—p Memory array
Po-P7 Pgﬂ]gﬁh address 256 deep
18 bits wide
WA — - Micro- [\I8bitdaw
b processor 18
— 7 interface
+ — RED
RSo, RS 3x6 bit
0. RS ) Latch Do GREEN
f f v
BLANK IREF
FEATURES DESCRIPTION

e Compatible with the RS170 video standard
® 256K possible colours.

e Single monolithic, high performance CMOS.

e Up to 8 bits per pixel.

® Pixel word mask.

e RGB analogue output, 6 bit DAC per gun,
composite blank.

e Low DAC glitch energy.

e Video signal output into 37.5Q.

e TTL compatible inputs.

e Microprocessor compatible interface.

e Single +5V+10% power supply.

e Low power dissipation, 880mW max.
at maximum pixel rate.

e Standard 600 mil 28 pin DIL package.

42 1088 02

The IMS G171 integrates the functions of a co-
lour look-up table (or colour palette), digital to
analogue converters (designed to drive into a
doubly terminated 75¢ line) and bi-directional
microprocessor interface into a single 28 pin
package.

Capable of displaying 256 colours from a total of
262,144 colours, the IMS G171 replaces TTL/
ECL systems, giving reduced component cost,
board area and power consumption.

The pixel word mask allows displayed colours to
be changed in a single write cycle rather than by
modifying the look-up table.

June 1990





