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Introduction

Integrated Circuit Systems, Inc. designs, develops and markets standard and application
specific integrated circuits utilizing mixed analog/digital technology. Founded in 1976 to
provide custom IC designs and product sourcing services to OEMs, ICS created its own
sophisticated design tools, analog and digital cell libraries and quality assurance testing
methods. In 1988, these unique tools and mixed signal design capabilities enabled ICS to
create the first commercially viable video timing generator using advanced frequency synthesis
technology. The ICS1394 pioneered the transition from multiple crystal oscillators to a single
IC and emerged as the industry standard for producing the high frequency video dot timing
function in IBM-compatible personal computers.

Integrated Circuit Systems merged with Avasem Corporation in November, 1992. Avasem
was founded in 1980 to provide custom MOS integrated circuits and became a market leader
in Phase Locked Loop (PLL) as well as mixed analog/digital integrated circuits. As individual
companies, ICS and Avasem competed for market share in frequency timing generators.
Today, as one company, ICS dominates the frequency synthesis market for CPU motherboards,
workstations and PC graphics.

ICS has extended its knowledge of frequency timing into new products for PC multimedia
sound and video. These include products that synchronize PC video images with live or
recorded television video, and products that create real, digitized sound. To expand the
capabilities of its PC sound/video design expertise, ICS formed the Multimedia Components
Division in July, 1993 and merged with Turtle Beach Systems, Inc., a provider of PC-based
hardware and software products for professional-quality sound generation and editing in
multimedia applications.

Additionally, ICS is meeting the increasing demand for controlled, rapid NiCd or NiMH
battery recharging for laptop and notebook computers with a family of power management
integrated circuits.

ICS controls every phase of manufacturing and quality assurance at both locations. Our
unique partnerships with international experts in wafer fabrication and assembly provide our
customers with the highest quality and performance in each integrated circuit chip. We
routinely produce both application specific integrated circuits (ASICs) and customized
versions of our standard masks.

We are confident that ICS can provide you with the optimum IC solutions, outstanding
customer service and dedication to quality to suit your needs.

Integrated Circuit Systems . . . Where the Digital World Meets the Real World.



ICS: Committed to Quality and Reliability

At Integrated Circuit Systems, our goal is to produce and deliver products of exceptional quality and reliability.
To achieve that goal, we dedicate our efforts to meeting your technical expectations, your delivery deadlines and
your competitive pricing needs. We set our standards high. We take our commitment to you very seriously. At
ICS we consistently strive:

e to maintain our world-class quality performance in the integrated circuit industry for both products and
services;

e to establish a culture that focuses on continuous improvement and accepts the challenge for instituting
ever higher levels of quality and reliability,

e tocontinue an effective total quality process that provides customers with products and services that meet
or exceed:

- specification requirements
- performance requirements
- quality expectations
- support needs before and after delivery;
e todelegate the responsibility for quality to all ICS employees, with the emphasis on preventive actions.

In addition, we expect the same kind of quality and reliability from the wafer foundries and assembly sources we
select. We constantly monitor their performance to ensure continued conformance to our standards.

ICS’ ongoing commitment to quality and reliability is a company-wide policy that originates with management. It
starts with your first phone call to ICS and is pursued through the design, production and delivery of your product.

Founder and Chairman, Edward Arnold,
in front of ICS Production Facility.
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ICS Product Selection Guide

Multimedia Products

PRODUCT ICS PACKAGE
APPLICATION DEVICE TYPE FEATURES TYPES PAGE
GSP500 VGA/NTSC Genlock. 68 Pin PLCC 9
GSP500 Application Notes 99
Video GSP600 VGA/PAL Genlock. 68 Pin PLCC 23
Graphics
GSP600 Application Notes 131
ICS1522 See High-Performance section. 541
Sound/Video 1CS2008 SMPTE-MIDI Peripheral 44 Pin PLCC 61
Synchronization 1CS2008A Improved SMPTE-MIDI Peripheral 79
1CS2001 Sound Output Circuit, Parallel Port. 16 Pin DIP, SOIC 37
1CS2002 Business Audio Codec 44Pin PLCC 43
ICS2101 5 Channel Digitally 28 Pin DIP, SOIC 81
Controlled Audio Mixer.
Sound 1CS2102 Sound Blaster™ Compatible Mixer. 28 Pin SOIC 89
ICs2115 ‘WaveFront Synthesizer 84 Pin PLCC 93
1CS2116 WaveFront Interface 100 Pin QFP 94
ICS2122 2-Megabyte Gen-Midi Sound ROM 44 Pin SSOP 95
1CS2124-001, 4-Megabyte General Midi 44 Pin SSOP 95
1CS2124-002 Sound ROM Set
Sound Blaster is a trademark of Creative Technologies, Inc.
Video Timing Generator Products
PRODUCT ICS MAX CLOCK | PACKAGE
APPLICATION DEVICE TYPE FEATURES FREQUENCY OUTPUTS TYPES |PAGE
ICS1394 External Loop Filter. 85 MHz 1TTL 20 Pin 153
For New Designs Use ICS1494. DIP, SOIC
ICS1494 Buffered Xtal Out, Lock Detect Output. 135 MHz ITTL 20Pin 155
DIP, SOIC
1CS2494/ Dual Video Memory Clock Generator 135MHz 2TTL 20 Pin
ICS2494A with 16 Preprogrammed Video and DIP, SOIC 161
4 Preprogrammed Memory Frequencies.
1CS2495 Small Footprint, Narrow Body 135MHz 2TTL 16 Pin 167
SO Package. DIP, SOIC
P.C. Clock 1CS2496 Low Voltage, 3/5 Volt Operation for 85/135 MHz 2TTL 16 Pin
G(.en‘e rat Laptop/Notebook Applications. DIP, SOIC 173
ors Power-down Mode.
ICS2595 Programmable Dual 135 MHz 2TTL 20 Pin 179
1CS2494 Pin Compatible. DIP, SOIC
1CS82C404 Dual Programmable Graphics Clock 120MHz 2TTL 16 Pin 189
Generator. ICD82C404 Compatible. DIP, SOIC
ICS9161 Dual Programmable Graphics 135 MHz 3TTL 16 Pin 223
Clock Generator. ICD2061 Compatible. DIP,SOIC
AV9194 Dual Video Memory Clock Generator 135 MHz 2TTL 20 Pin
with 16 Preprogrammed Video and DIP,SOIC | 237
4 Preprogr: d Memory Freq i
ICS90C61A Drop-in upgrade for the WD90C61. 80 MHz 2TTL 20 Pin
Integral Loop Filters. DIP,SOIC 193
. PLCC
C?f;g’g},ﬂ‘%‘,‘ﬁk ICS90C64A | WDS0C31 VG A Controller Compatible. 135 MHz 2TTL 20 Pin
Generators Enhanced Version. Integral Loop Filter. DIP,SOIC | 203
(Replaces ICS90C63, ICS90C64.) PLCC
1CS90C65 Low Voltage, 3/5 Volt. Powerdown Mode. 135 MHz 2TTL 20 Pin
‘WD90C26 VG A Controller Compatible. DIP,SOIC | 213
PLCC




GENDAC™ Products

PRODUCT ICS PACKAGE
APPLICATION DEVICE TYPE FEATURES TYPES PAGE
1CS5300 Integrated Dual Clock. 8-bit Generic. 44 Pin PLCC 275
e o ICS5301 | Integrated Dual Clock. 8-bit Tseng Compatible. | 44 Pin PLCC 303
Stati&l;a Ct:}lpmr ICS5340 Integrated Dual Clock. 16-bit Generic. 68 Pin PLCC 331
ics
P 1CS5341 Integrated Dual Clock. 16-bit Tseng Compatible. 68 Pin PLCC 363
GENDAC is a trademark of Integrated Circuit Systems, Inc.
Motherboard Timing Generator Products
NUMBER | NUMBER
PRODUCT ICS OF OF PACKAGE
APPLICATION DEVICE TYPE FEATURES OUTPUTS| PLLs TYPES PAGE
1CS2407 IMI407, IMI409 and IMI439 6 2 18 Pin DIP, SOIC
1CS2409 Compatible. 9 2 24 Pin DIP, SSOP 369
1CS2439 9 2 24 Pin DIP, SSOP
1CS2492 Buffered XTAL Out. 3 2 20 Pin 375
Tristate PLL Outputs. DIP,SOIC
1CS2494-244 Buffered XTAL Out. 3 2 20 Pin
ICS2494A-317 | Note: See Video Dot Clock Section DIP, SOIC 161
for Data.
1CS2694 9 Fixed, CPU-CPU/2 Selectable 11 2 24 Pin
Provides CPU, Co-Processor, Hard DIP, SOIC 381
and Floppy Disk, Kbd, Ser. Port, Bus
Clk Function.
AV9107 CPU Clock Generator. 2 1 8 or 14 Pin
DIP, SQIC 387
ICs9108 3 Volt CPU Clock Generator. 2 1 8 or 14 Pin
DIP, SOIC 395
Motherboard AV9128/9 Motherboard Frequency Generator 8/11 4 16 or 20 Pin
o o Outputs KBD Clock, System Clock, DIP, SOIC
1/0 Clock, Comm. Clock and 403
CPU Clock.
ICS9131 32 kHz Input Generates CPU Clocks. 3 2 16 Pin
SOIC, PDIP 417
1Cs9132 32 kHz Input Generates all 6 4 20 Pin
Motherboard Clocks. DIP, SOIC 425
1CS9133 32 kHz Input Generates CPU Clock 6 3 20 Pin
and SOIC, PDIP 435
System Clock and Two Fixed Clocks.
AV9140 R4000 Processor Series Master 1 1 8 Pin 441
Clock Generator. DIP, SOIC
AV9154 Low Cost 16 Pin Clock Generator. 7 2 16 Pin
Generates CPU Clock, DIP, SOIC 445
Keyboard Clock,
System Clock and I/0 Clock.
AV9155 Motherboard Clock Generator. 8 2 20 Pin
Produces CPU Clock, DIP,SOIC 461
Keyboard Clock,
System Clock and I/0 Clock.
ICs9158 Clock Generator with Integrated 11 2 24 Pin 473
Buffers. SOIC
1CS2496-456 3V Operation, Buffered XTAL Out. 3 2 20 Pin
Note: See Video Dot Clock Section DIP, SOIC 173
Laptop/Notebook for Data.
AV9154-06/60 Clock Generator Designed 4 2 16 Pin
Specifically for Use with DIP, SOIC 455
(o) Chipset.




Special Purpose ICs (Disk Drive, Low Skew (Pentium™)

NUMBER | NUMBER
PRODUCT ICS OF OF PACKAGE
APPLICATION | DEVICE TYPE FEATURES OUTPUTS PLL s TYPES PAGE
ICS1694A Single Crystal Generates Three Low-Jitter Clocks. 3 1 8 Pin 481
DIP,SOIC
AV9110 User-Programmable "On-the-Fly"; Low-Jitter makes it 1 1 14 Pin 485
Ideal for Disk Drive or Video Applications. DIP,SOIC
1Cs9123 High Resolution Clock Generator; One Channel has 6 3 16 or 20
Accuracy to within 50 PPM making it Ideal for Pin 495
Modem, Ethernet and AD1848 Applications. DIP, SOIC
Motherboard AV9170 Clock Synchronizer and Multiplier. 2 1 8 Pin 497
DIP,SOIC
AVIIT2 Low Skew Output Buffer. Low Skew and Jitter make 6 1 16 Pin 511
it Ideal for Pentium Applications. DIP, SOIC
AV9173 Lost Cost Video Genlock PLL. 2 1 8 Pin 19
DIP,sOIC | 3
1Cs9175 Low Skew Output Buffer Crystal Generates Six 6 1 16 Pin 23
Low Skew, Low-Jitter Clocks. DIP,SOIC | 3
1CS9176 Input Clock Generates IO Low Skew, Low-Jitter 11 1 28 Pin 529
Outputs. Ideal for Pentium or PLI Applications. PLCC
Pentium is a trademark of Intel Corporation.
High-Performance Video Timing Generator Products
PRODUCT ICS MAX CLOCK | PACKAGE
APPLICATION DEVICE TYPE FEATURES FREQUENCY OUTPUTS TYPES |PAGE
1Cs1522 User-Programmable Frequencies; 230MHz Diff ECL 24 Pin 541
’Line Lock’ Capability. SOIC
ICS1561 +2,4,8 TTL Out. Integral Loop Filter. 180 MHz Diff ECL 20 Pin
NOTRECOMMENDED FOR NEW DESIGN DIP, SOIC 349
ICS1561A + 2,48 TTL Out. Integral Loop Filter. 180 MHz Diff ECL 20 Pin 551
Workstation Replaces ICS1561. DIP, SOIC
Genclorglt‘ors ICS1562 User-Programmable Frequencies. 230MHz Diff ECL 16 Pin
RAMDAC™Reset Logic (Brooktree [320+MHz] Narrow 557
Compatible). [Special Pin] SOIC
ICs1567 32 Frequency ROM-based RAMDAC 180 MHz Diff ECL 20 Pin 575
Reset Logic (Brooktree Compatible). DIP, SOIC
ICS1572 User-Programmable Frequencies. 180 MHz Diff ECL 20 Pin
RAMDAC Reset Logic (Brooktree SOIC 585
Compatible).
I1CS2572 User-Programmable Dual PLL 185 MHz Diff ECL 20 Pin 603
16V + 4M Locations. DIP, SOIC
Notes:

1. All products have internal loop filters except as noted.
2. All products operate at 5 volts typ. except as noted.

RAMDAC is a trademark of Brooktree Corporation.




Power Management Products

MINIMUM
PRODUCT ICS CHARGE PACKAGE
APPLICATIONS DEVICE TYPE FEATURES RATE TYPES PAGE
ICS1700 4C 16 Pin DIP 615
. RECO OR NEW DES 20 Pin SOIC
NiCd Battery Charge Processor QuickSaver™ Controller for Fast 4« 16 Pin DIP
ICS1700A Charge and Conditioning of NiCd 20 Pin SOIC 617
Batteries.
NiCd Battery Charge Processor QuickSaverlI Controller for Fast 4C 16 Pin DIP
NiMH Battery Charge Processor I1CS1702 Charge and Conditioning of NiCd IC 20 Pin SOIC 633
and NiMH Batteries.
SmartBat™ In-the-Pack Data N/A 8 Pin
Battery Charging and ICS1705 Acquisition and Storage IC for SOIC 653
Capacity Measurement IC Charge Control and Capacity
Measurement.
AV9304/9504 Quad High-Side Switches N/A 16 Pin SOIC
QRpsOn 655
Notebook PCs and PDAs Slow Turn-on for Glitch-Free 16 Pin DIP
Power Switching Operation.
AV9312/9512 Dual High-Side Switches N/A 14 Pin SOIC
QRpsOn 659
Slow Turn-on for Glitch-Free 14 Pin DIP
Operation.
Note: C= Ampere/hour capacity of battery.
QuickSaver is a trademark of Integrated Circuit Systems, Inc.
SmartBat is a trademark of Integrated Circuit Systems, Inc.
Communications Products
PRODUCT ICS PACKAGE
APPLICATION DEVICE TYPE COMMENTS TYPES PAGE
Caller 1D. 1CS1660 FSK Signal Interface Device. 18 Pin DIP 687
20 Pin SOIC




ICS
Multimedia

Products

At ICS, the digital world meets the real world with multimedia products for adding audio and motion
video to computer and consumer electronics products. We combine our experience in phase-locked-
loop, digital signal processing, and mixed-signal design to product multimedia ICs for OEMs around
the world. Our solutions in audio and video are matched to OEM requirements for cost-effective products.

In video, ICS offers the GSP and 2008 product lines. The GSP family offers Genlocking to enable
full-motion, computer-generated text and graphics to be overlayed on any standard video signal, such
as TV, camcorder, VCR, or video disc. It also supports easy recording of the enhanced video image
onto videotape. The 2008 production line implements VITC and LTC read and write of the standard
SMPTE Time Code data, synchronized with MTC (midi time code) output.

In audio, ICS offers Wavedec™ and WaveFront.™ Wavedec, our digital audio codec for computer
and consumer electronics products, records and plays 16 bit compatible files for applications running
in MS DOS or MS Windows platforms. WaveFront, our wavetable synthesizer, creates the audio
subsystem required for producing the full General MIDI patch set on next-generation, 16 bit sound
cards and consumer electronics products.

Most importantly, we understand the systems-integration challenges of adding multimedia capabili-
ties to your products. Our applications engineering team includes engineers responsible for the
Multisound product from our Turtle Beach Systems division and for the Sensation™ multimedia
computer from Tandy. ICS views our multimedia IC business as a systems business and we can assist
you with your systems-integrations needs. We look forward to partnering with you and making you
and your new products succeed in the marketplace.

Wavedec and WaveFront are trademarks of Integrated Circuit Systems, Inc




ICS Multimedia Product Selection Guide

Product ICS
Applications Device Type Features Package Types Page
GSP500 NTSC Genlock. 68 Pin PLCC 9
Video Graphics GSP600 PAL Genlock. 68 Pin PLCC 23
1CS2008 SMPTE-MIDI Peripheral. 44 Pin PLCC 61
Sysn"c‘l',';ﬂﬁ‘;fﬁm ICS2008A Improved SMPTE-MIDI 79
Peripheral.
1CS2001 Sound Output Circuit, 16 Pin 37
Parallel Port. DIP, SOIC
1CS2002 Business Audio Codec. 44 Pin PLCC 43
ICS2101 5 Channel Digitally 28 Pin 81
Controlled Audio Mixer. DIP, SOIC
Sound 1CS2102 Sound Blaster Compatible 28 Pin 89
Mixer. SOIC
ICS2115 Wavetable Synthesis. 84 Pin PLCC 93
1CS2116 Wavetable Interface. 100 Pin QFP 94
1CS2122 2-Megabyte Gen-Midi 44 Pin SSOP 95
Sound ROM.
1CS2124-001, 4-Megabyte General Midi 44 Pin SSOP 95
1CS2124-002 Sound ROM Set.

ADVANCE INFORMATION documents contain information on new products in the sampling or preproduction phase of development Characteristic
data and other specifications are subject to change without notice.

PRODUCT PREVIEW documents contaimn information on products in the formative or design phase of development Characteristic data and other
specifications are design goals. ICS reserves the right to change or discontinue these products without notice.
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GSP500

VGA/NTSC Video Genlock Processor with Overlay

Overview

The GSP500 allows the text and graphic images of VGA and
Super VGA controllers to be displayed on standard NTSC
televisions or recorded on a VCR. Additionally, the
GSP500 accepts external video input from a camcorder or a
VCR and will synchronize (genlock) the VGA or Super
VGA controller to the external video. The GSP500 also
allows VGA and video images to be overlaid on the same
television screen. The GSPS00 meets or exceeds allRS-170A
broadcast standards for timing accuracy and allows the
VGA controller to maintain true NTSC compatibility at all
times. The GSP500 is compatible with virtually all VGA
controllers. Tseng Labs, Oak Technology, Trident Micro-
systems, S3, and NCR already have full BIOS support avail-
able for the GSP500.

Features
e Direct input of NTSC or S-Video (S-VHS and Hi-8
video).

e On board NTSC/S-Video sync and black burst genera-
tion for local video operation. Video chroma burst sepa-
rate with 3.579545 MHz and 14.31818 MHz phase
locked outputs.

e Meets or exceeds alltiming specifications for studio and
broadcast television.

e High efficiency NTSC/S-Video conversion that main-
tains VGA performance.

e Dynamic overscan and underscan adjustment of
NTSC/S-Video modes under BIOS and/or software
control.

e Software selection between all VGA and NTSC/S-

° i Bl
40 000000000D0000000_, ., Video modes.
§ =] e NTSC/S-Video conversion support for all VGA and
=l 1= Extended VGA modes with 480 or fewer lines.
E‘ GSP500 E e Built-in dot clock circuitry to eliminate crystal oscilla-
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= |=
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2 = = e Low power consumption, ideal for laptop computers.
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GSP500

Internal Block Diagram

VIDEO INPUT 1
VIDEO INPUT 2 __y

VIDEO

RS-170A
SYNC AND

‘GENERATOR

Theory of Operation

The GSP500 can be thought of as an extremely sophisticated
dot clock generator. In its simplest form, the GSP500 will
generate all of the dot clock frequencies necessary to drive
VGA and Super VGA controllers. The different frequen-
cies are selected with the MODE SELECT LOGIC from the
VGA chip. Selection is similar to selecting frequencies on
any of the ICS dot clock generators (i.e., ICS1394, ICS1494,
ICS1561, 1CS2494, etc.). Additionally, there are four re-
served frequency addresses. These are labeled GL (gen-
lock), OV (overlay), VO (video only), and GO (graphics
only). Choosing any of these addresses will switch the
GSP500 from VGA mode to NTSC mode. Under NTSC
mode, the GSP500 accepts vertical and horizontal VGA
SYNC from the VGA controller and uses the sync to gener-
ate and adjust the VGA DOT CLOCK. The GSP500 will
automatically vary the frequency of the dot clock in order to
synchronize the VGA sync signals with an NTSC reference
signal. This reference signal can be derived from a video
device (such as a camcorder) connected to VIDEQ INPUT
1 or VIDEO INPUT 2. The GSPS500 provides an RGB-to-
NTSC encoder with the VIDEO OUTPUT signal which is
either VIDEO INPUT 1, VIDEO INPUT 2, or an internally
generated black burst signal. All of the necessary EN-
CODER LOGIC signals to properly drive the encoder are
provided by the GSP500. During NTSC modes the GSP500
also creates the D-15 SYNC OUTPUT for the monitor con-

nection to allow for TV projection output of the VGA
images. The PIXEL SWITCH information derived from
external CKEY INPUT tells the encoder whether to display
the VGA image or external video for each pixel. Assuming
the images are genlocked, this creates the overlay effect.

Block definition

Video Input Switch

The Video Input Switch selects whether the GSP500 uses
VIDEO INPUT 1 or VIDEO INPUT 2 as the external video
source. It is controlled by an external pin of the GSP500.

NTSC Sync Separator

The GSP500 contains a high quality sync separator to allow
direct input of NTSC, S-VHS, or HI-8 video signals from
camcorders, VCRs, and other video products. The GSP500
utilizes a differential video input circuitry for maximum
noise immunity. It also employs digital noise filtering and
enhanced digital signal tracking technology to ensure maxi-
mum compatibility with consumer, industrial, and broadcast
video signals. Although low cost video sync separator prod-
ucts are commonly available, they are primarily designed for
television and video monitor use. The simple diode clamping
circuit used in these devices does not have the accuracy or
noise immunity required for genlocking.

10



RS-170A Sync and Black Burst Generator
RS170A Sync Generator

The studio quality built-in video sync generator allows the
GSP500 to operate without an external video input and still
maintain broadcast video timing. This assures NTSC com-
patibility at all times. When external video is present, the
sync generator works in conjunction with the sync separator
to isolate sync from noisy video signals.

Black Burst Generation

Most RGB-to-NTSC encoders synchronize a crystal oscilla-
tor to the chroma burst signal of the external video signal.
This provides the color reference portion of the video signal.
If an external video signal is not available, the crystal oscil-
lator will free run, creating screen artifacts such as 45 degree
moving lines in constant color portions of the screen. To
eliminate this problem, the GSP500 generates a black burst
video signal. Black burst video is an analog signal containing
both sync and a correctly phased chroma burst signal. This
ensures proper color reference generation at all times. The
GSP500 provides black burst output to the encoder when
external video is either missing or not selected (non-genlock
mode).

INT/EXT Video Switch

The Internal/External Video Switch determines whether the
encoder uses external video or the black burst signal. If
external video is chosen, the GSP500 will simply pass the
external video signal through to the encoder, unaffected.
Black burst is used when external video is not present. The
switch is controlled by the Video Signal Processing and Sync
Correction circuitry.

Video Signal Processing and Correction
Video Signal Processing

The Video Signal Processing circuitry of the GSP500 meas-
ures the incoming video signal for basic timing accuracy and
signal noise. It contains intelligent circuitry to remove ex-
traneous portions of the video signal that would normally be
incorrectly categorized as sync. This is extremely important
when using a VCR as a video input. If there is an interrup-
tion of the external video signal, this circuit will automat-
ically switch inputs from the external video signal to the
internal sync generator. When the external video signal
resumes, the circuit will automatically switch back to the
external video. The Video Signal Processing accepts the
MODE SELECT LOGIC from the VGA chip. This logic
chooses either VGA or NTSC operation and selects
whether genlock to external video is to be enabled.

GSP500
A

Sync Correction

The Sync Correction circuitry looks for missing sync pulses,
block sync, single field video, and phase shift errors caused
by the head switching zone of a VCR. It assures proper
genlock during all of these problems common in consumer
video products.

Genlock Timing Control and Clock Regulation

The GSPS500 looks at the input sync from the VG A control-
ler and determines how to alter the dot clock to create
RS-170A timing. Both the frequency and the method can
change with different VGA modes. The GSP500 cnables
virtuallyany VGA controller capable of interlacing to create
RS-170A timing. The GSP500’s unique architecture pro-
vides ultra-high efficiency and flexibility and allows the fre-
quency of the dot clock to be controlled totally under BIOS
or software control. Screen attributes such as horizontal
width and position can be individually programmed for each
mode while maintaining genlock integrity. This circuit will
modify the timing of virtually any mode, with 480 or fewer
lines, to meet RS-170A NTSC specifications. The GSP500
genlock timing control and clock regulation design is await-
ing patent approval.

Precision Dot Clock Generator

The GSP500 uses the same state-of-the-art dot clock tech-
nology that has made ICS the premier supplier of VGA dot
clock generators. ICS offers the highest accuracyand lowest
jitter products available.

CKEY

The ckey (or color-key) circuitrycreates the pixel switch for
the encoder. This signal determines whether the VGA im-
age or external video is displayed for each pixel. Ckey is
modified bythe GSP500 to ensure that the pixel switch signal
1s delayed (to make up for delaysin the RAMDAC) and that
it has proper levels during sync and blanking. If the VGA
and external signals are genlocked, this pixel switch will
create an overlay effect.

11



GSP500

PIN
NUMBER

10

11

20

21

22

23

NAME

VLE
ODD/EVEN
BP

DATAIN
CB

CS

CKEY

TEST
VSYNCOUT
DATAFRAME

OVENABLE

I/ES

LOC/REM

BRSTACT
FRTSTOUT
HS

HRSTOUT
HSYNCOUT
VSS

VDD
VDD
VSS

FS5

E PTION

VERTICAL LOCK ENABLE. HIGH for VGA controllers.

LOW disables vertical lock feature, may be useful for Non-VGA Operation.
ODD/EVEN FIELD IDENTIFICATION. HIGH indicates odd numbered
field, LOW indicates even numbered field.

BACK PORCH PULSE. Negative polarity TTL level signal used by some
RGB-to-NTSC encoders.

Data input for inserting SMPTE time code in video signal.

COMPOSITE BLANKING OUTPUT. Indicates non-screen data portions
of NTSC signal.

COMPOSITE SYNC. NTSC Composite sync output for RGB-to-NTSC
encoders. Gated off during VGA modes.

COLOR KEY. Resultant input from the 8-bit compare of digital RGB
(P0O-P7) and a software selectable byte. This color key determines which pixels
display VG A and which display external video in overlay mode. See Hardware
Interface Manual for more details.

For ICS use only.

VERTICAL SYNC OUTPUT. Vsync output for DB-15 connector.

TTL level framing signal active during lines 10-20. For use in time code
applications.

OVERLAY ENABLE. Fast pixel rate switch. HIGH displays NTSC output,
LOW display RGB output. Used for overlay encoders. See Application
Notes for wiring details.

INT/EXT. SYNC. Determines sync selection in OVENABLE signal.

Tie LOW normally.

LOCAL/REMOTE. A LOW output state signifies REMOTE status indicating
that external video is present and a genlock mode has been selected. If external
video goes away or a non-genlock mode is selected, LOCAL/REMOTE will
go HIGH.

For ICS use only.

For ICS use only, wire to pin 37.

HORIZONTAL SYNC. For some RGB-to-NTSC encoders.

Gated off during VGA modes.

For ICS use only.

HORIZONTAL SYNC OUTPUT. Hsync output for DB-15 connector.
Digital ground. We strongly recommend the use of a multilayer board and a
ground plane.

5 Volt digital power. We strongly recommend the use of a multilayer board
and a power plane.

5 Volt digital power. We strongly recommend the use of a multilayer board
and a power plane.

Digital ground. We strongly recommend the use of a multilayer board and a
ground plane.

Frequency Select 5. Selects between multiple VGA Dot Clock frequencies,
Genlock modes and NTSC frequencies. See Dot Clock Generation and
NTSC Mode Selection sections for a more detailed description.

Also see Application Notes for wiring diagrams and BIOS Interface Manual
for details.




26

27

28

29
30
31

32

33

34
35
36

37
38

39
40

41
42

43

45

46
47

48

49

FS4
FS3
FS2
FS1
FSO

EXTSYNC
VCRI1
CLAMPLEV

Y2
Y1

C2
C1
3.58SC

FRSTIN
AVDD

GFF
VCOLF

SYNCTHRS
VGAO/E

CcouT
RST

YOUT

HALIGNOUT

SYSLF

XTALI

XTALO

GSP500
A

DESCRIPTION

Frequency Select 4. Selects between VGA Dot Clock frequencies and
NTSC modes.

Frequency Select 3. Selects between VGA Dot Clock frequencies and
NTSC modes.

Frequency Select 2. Selection between VGA Dot Clock frequencies and
NTSC modes.

Frequency Select 1. Selects betweenVGA Dot Clock frequencies and
NTSC modes.

Frequency Select 0. Selects between VGA Dot Clock frequencies and
NTSC modes.

For ICS use only.

HIGH permits using VCRs as an input.

Clamping level adjustment for video mput. See Application Notes for
more details.

NTSC video input number 2. Note: This is also the Y (luminance) input for
S-Video systems.

NTSC video input number 1. Note: This is also the Y (luminance) input for
S-Video systems.

C (Chrominance) input number 2 for S-Video systems.

C (Chrominance) input number 1 for S-Video systems.

3.579545 MHz SUBCARRIER OUTPUT. Phase-locked to the chroma burst
signal to allow encoders to maintain proper SCH phasing.

For ICS use only, wire to pin 15.

5 Volt analog power. We strongly recommend the use of a multilayer board
and a power plane.

Inverts field 1 and field 2 of VGA sync. Normally tied HIGH.

VCO LOOP FILTER CIRCUIT. External RC circuit used in VCO circuitry.
See Application Notes for component values.

Sync threshold adjustment for video input. See Application Notes.

VGA ODD/EVEN FIELD IDENTIFICATION. HIGH indicates odd
numbered field, LOW indicates even numbered field.

C (Chrominance) OUTPUT. C output for S-Video systems.

Chip reset pulse. This to be tied high through a resistor.

Do not tie to the computer reset line.

Y (Luminance) OUTPUT. NTSC video output when the NTSC/SVID
input is in the HIGH state. Y output for S-Video systems when the
NTSC/SVID input is in the LOW state.

For ICS use only, wire to pin 62.

SYSTEM CLOCK LOOP FILTER CIRCUIT. External RC circuit used in
the chroma burst phase locking circuit. See Application Notes for
component values.

14.31818 MHz crystal circuit. See Application Notes for parts specifications
and wiring diagrams.

14.31818 MHz crystal circuit. See Application Notes for parts specifications
and wiring diagrams.
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PIN
NUMBER NAME DESCRIPTI

50 AVSS Analog ground. We strongly recommend the use of a multilayer board and a
ground plane.

51 VID1/2 Input selector. High for Y1/C1, Low for Y2/C2.

52 VCOOUT For ICS use only, do not wire.

53 FILTSEL For ICS use only, wire to pin 57.

54 DOTCLOCK  Clock signal input for VGA chip.

55 VFF Inverts field 1 and field 2 of NTSC sync. Normally tied HIGH.

56 VCR2 LOW modifies sync characteristics to permit operation with VCR input.

57 VGA/NTSC Mode identification output signal. HIGH indicates a VGA mode, LOW
indicates an NTSC mode.

58 BG BURST GATE PULSE. Negative polarity TTL level signal used by
RGB-to-NTSC encoders.

59 LOC/REM IN  For ICS use only, wire to pin 13.

60 VGAHSYNC  VGA HORIZONTAL SYNC. HSYNC signal from VGA chip.
See BIOS Interface Manual for programming details.

61 VGAVSYNC VGA VERTICAL SYNC. VSYNC signal from VGA chip.
See BIOS Interface Manual for programming details.

62 HALIGNIN For ICS use only, wire to pin 46.

63 NTSC/SVID NTSC/S-VIDEO. Selects between NTSC and S-Video output. HIGH= NTSC;
Low= S-Video.

64 \'A VERTICAL SYNC. NTSC Vsync output for RGB-to-NTSC encoders.
Gated off during VGA modes.

65 4XSC 4 TIMES SUBCARRIER OUTPUT. 14.31818 MHz signal phase-locked to
the chroma burst signal.

66 PCLK PCLK from VGA chip.

67 DATAOUT TTL level output. This reads data during lines 10-20 and outputs it as a
digital signal. For use in time code applications.

68 SCH SCH PULSE. Positive polarity TTL level signal to distinguish between

fields 1 and 3 or 2 and 4. Not necessary for most encoders.

14
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BIOS Programming Example

BIOS support is currently available from Tseng Labs, Oak Technology, Trident Microsystems, S3, and NCR. Other VGA
manufacturers have support programs underway. If you use one of these VGA controllers that have completed BIOS
support, you can ignore this section. The following information may be helpful to VGA manufacturers and software
developers. These tables represent register settings one particular VGA controller. Others are listed in the BIOS Interface
Manual. This particular controller does not interlace text modes and uses an 8 x 8 font for modes 0, 1,2, 3, and 7. The

horizontal registers are adjusted to produce underscan for text modes and overscan for graphics modes.

Horizontal CRTC Registers

CRTC CRTC Modes: Modes: Modes:
INDEX REGISTER 00, 01, 04, 05, OD 02, 03, 06, 07, OE, OF, 10 11,12, 13
00 HT 35 6B 66
01 HDE 27 4F 4F
02 SHB 2A 53 52
03 EHB 96 8B 87
04 SHR 30 5B 58
05 EHR 92 83 80
Vertical CRTC Registers
CRTC CRTC 200 Line Modes: 350 Line Modes: 480 Line Modes:
INDEX REGISTER (Non-Interlaced) (Interlaced) (Interlaced)
00, 01, 02, 03, 07, 04, OF, 10 12,13
05, 06, 0D, OE, 13
06 VT 4L 05 05 05
07 OVERFLOW l 11 11 11
10 VRS ' EO D3 F4
11 VRE 84 87 88
12 VDE Cc7 AE EF
15 SVB DC CF FO
16 EVB F2 E5 06

Note: The MSB of the MSL register INDEX 09) must be turned OFF in 200 line NTSC modes. When using an 8 x 8 font

for text (modes 00, 01, 02, 03, 07) the 4 LSB of this register will change from F to 7.

Miscellaneous Output Register

Color Modes:
NTSC mode 00, 01, 02, 03, 04, 05, 06, Monochrome Modes:
0D, OE, 10, 11, 12, 13 07, OF
Genlock (GL) 23 22
Overlay (OV) 27 26
Video Only (VO) 2B 2A
Graphics Only (GO) 2F 2E

Extended Registers
Turn OFF all DOTCLOCK/2 bits.
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NTSC vs. VGA Horizontal Timing

Safe Action Area
f—————— Safe Title Area ————

i
4.7uS
10.9uS
63.556u$
— Horizontal Display End —— Sync
Blanking
Horizontal Total

NTSC vs. VGA Vertical Timing (200 line mode)
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Electrical Specifications

Operating temperature range 0 °Cto70°C

Electrical Characteristics

SYMBOL PARAMETER MIN TYP MAX UNITS
AvDD Analog Supply 4.5 5.0 5.5 Volts
DvbDD Digital Supply 4.5 5.0 5.5 Volts

Ipp (VGA) Operating Current - VGA Mode 35 mA
i Ipp (NTSC) Operating Current - NTSC Mode 50 mA

Input Signals

SIGNAL TITLE PIN # TYPICAL VALUE OPERATING CONDITIONS
Y1 33 1 Vpp 75 Ohm load
Cl 35 IVp.p 75 Ohm load
Y2 32 1Vp.p 75 Ohm load
Cc2 34 1Vp.p 75 Ohm load
VID1/2 51 TTL/CMOS High= YI,Cl;Low= Y2,C2
NTSC/SVID 63 TTL/CMOS High= NTSC;Low= S-Video
VGAVSYNC 61 TTL/CMOS Positive polarity
VGAHSYNC 60 [ TTL/CMOS Positive polarity
FS0-5 28-23 L TTL/CMOS Address/mode select
CKEY 7 ‘l TTL/CMOS High= RGB;Low= NTSC
PCLK 66 TTL/CMOS Pixel (DAC) Clock from VGA
I/ES 12 TTL/CMOS High = Internal sync
Low = External sync
DATAIN 4 TTL/CMOS Active during DATAFRAME
CLAMPLEV 31 1-1.5V
SYNCTHRS 41 CLAMPLEV + 0.1V
VLE | L TTL/CMOS Tie to Vpp through resistor
RST/ 44 —‘ TTL/CMOS | Tie to Vpp through resistor
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Output Signals

SIGNAL TITLE PIN# TYPICAL VALUE OPERATING CONDITIONS
VSYNCOUT 9 TTL Positive polarity during NTSC modes
HSYNCOUT 18 TTL Composite sync during NTSC modes

WA 64 1Vp.p Positive polarity
HS 16 1Vpp Positive polarity
CS 6 1Vp.p Positive polarity
DOTCLOCK 54 TTL
YOUT 45 1Vp.p 75 Ohm load
CouT 43 1Vpp 75 Ohm load
3.58SC 36 TTL 3.579545 MHz
4XSC 65 TTL 14.31818 MHz
LOC/REM 13 TTL High = local; Low = remote
OVENABLE 11 TTL High = NTSC;Low= RGB
VGA/NTSC 57 TTL High= VGA;Low= NTSC
CB 25 TTL Positive polarity
ODD/EVEN 2 TTL High = odd field; Low = even field
VGAO/E 42 TTL High = VGA odd field
Low=_ VGA even field
BG/ 58 TTL Negative polarity
FP/ 3 TTL Negative polarity
SCH 68 TTL Positive polarity
DATAFRAME 10 TTL Lines 10-20
DATAOUT 67 TTL Active during DATAFRAME
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Dot Clock Selection

GSP500
E

The following charts represent two of the many dot clock frequency selection tables supported by GSP500. See the BIOS
manual or contact ICS applications engineering for additional information.

FREQUENCY (MHz) FS5 FS4,FS3,FS2 FS1 FSO
50.350 0 1 0 0
56.644 0 1 0 1
65.028 0 1 1 0
72.000 0 1 1 1
75.000 1 0 0 0
80.000 1 0 0 1
89.800 1 0 1 0
110.000 1 0 1 1

GenLock 1 1 0 0
OVerlay 1 1 0 1
Video Only 1 1 1 0
Graphics Only 1 1 1 1

FREQUENCY (MHz) FS5,FS3 FS4, FS2 FS1 FSO
25.175 0 1 0 0
28.322 0 1 0 1
40.000 0 1 1 0
44.900 0 1 1 1

GenLock 1 1 0 0
OVerlay 1 1 0 1
Video Only 1 1 1 0
Graphics Only 1 1 1 1
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GSP500 Frequently Asked Technical Questions.

1. What will the GSP500 do for me?

The GSP500 adjusts the timing of a VGA controller to conform to RS-170A NTSC (television) specifications. The
GSP500 accepts direct video Input from video cameras, videodisc players or other video sources and will synchronize
(genlock) a VGA controller to either the external video input or an internal NTSC sync generator. The GSP500 also
contains a dot clock generator to eliminate the need for crystal oscillators or other dot clock generators.

2. How does the GSP500 differ from other genlock devices?

Other genlock devices, such as the Motorola MC1378, are very effective at genlocking two NTSC signals together
and are generally used in consumer electronics products such as video window-in-a-window devices. The GSP500
is specifically designed to genlock a computer graphics controller to NTSC video and overcomes all of the
incompatibilities between VGA and NTSC. Additionally, the GSP500 contains an NTSC sync generator and maintains
chrominance phase lock in local modes. This allows the GSP500 to maintain RS-170A NTSC timing without an external
video input. Furthermore, the sync separator circuit of the GSP500 is designed to satisfy the low jitter tolerances
demanded by discriminating VGA customers.

3. Isn’t genlock simply a phased-lock loop?

Phase locking two similar signals is fairly straightforward as long as phase jitter is not critical. As an example, ICS is
one of the few companies able to successfully build phase-locked loop dot clock generators with low enough phase
jitter for computer graphics display. Additionally, the differences between VGA and NTSC signals further complicate
the genlock procedure. The GSP500 has patents applied for for the most advanced computer video genlock methods
in the industry. These methods assure you of the highest possible quality product.

4. Most Genlock and Overlay products have a lot of discrete components with trimmer
capacitors and potentiometers. All these adjustments can become very expensive in
a mass production environment. How much external circuitry does the GSP500
require?

Although the GSP500 can be run with no trimmer capacitors or potentiometers, one trimmer capacitor should be used
to meet the NTSC frequency tolerance of the chroma burst. This is a free running frequency and is very simple (and
fast) to adjust. Additionally, the GSP500 uses high speed digital circuitry to eliminate virtually all discrete components.
Only a few external components are needed for full operation.

5. Dol need an RGB-to-NTSC encoder with the GSP500?

Yes, an external RGB-to-NTSC encoder is needed. The encoder must be matched to the target audience. The GSP500
can be used under broadcast television scrutiny and most broadcast video equipment perform the encoding entirely
with discrete components. As this may prove too costly and/or may use too much board space, the GSP500 contains
all of the necessary signals to drive virtually any encoder. The GSP500’s generous supply of timing signals will also
drive external circuitry to turn off the encoder for laptop applications.

6. Why do | need the GSP500. Can’t | program a VGA controller for NTSC sync and just
drive an RGB-to-NTSC encoder?

NTSC sync contains equalizing pulses, blanking signals and pulse widths that are impossible to create under normal
VGA control. Although marginal display quality is achievable on a television without adhering to the RS-170A standard,
compatibility with other NTSC equipment is compromised. As an example, depending on which edge of horizontal
sync the monitor triggers on will determine how far an incorrect width horizontal sync pulse will skew the screen.
Additionally, it becomes virtually impossible to assure proper chroma burst (SCH) phasing. The GSP500 sync
generator meets or exceeds all NTSC RS-170A broadcast standards for timing accuracy assuring you of maximum
compatibility and ultimate quality.
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7. National sells a sync separator for less than $2 while the Brooktree part costs over
$50. What is the difference and how does the sync separator in the GSP500 compare?

The sync separation circuitry in the National part is a simple diode clamp. Although this may be adequate for driving
apicture tube, the lack of noise and jitter immunity make it unsuitable for genlock applications. Additionally, the analog
vertical sync detection circuit of these type of devices will not accurately track a VCR signal. The Brooktree device
represents a mixed-mode approach to sync separation. By utilizing a fast analog circuitry coupled with high speed
digital logic, noise and jitter immunity can be optimized. The GSP500 also uses a mixed mode approach specifically
optimized for genlock operation yet the incorporation of a sync generator allows signal analysis not possible with
other devices.

8. Is the GSP500 compatible with any VGA controller?

VGA controllers need to have two features to work with the GSP500. First, they need to be able to interlace - if your
controller can display 1024 x 768 resolution, then it can probably interlace (the additional 256K memory is not
necessary). Second, the controller must have at least three clock select lines for external dot clock generator support.
Virtually all current VGA controllers have this feature. Check with your VGA controller manufacturer or ICS if you are
unsure.

9. How do | turn the NTSC on and off and control it?

The GSP500 uses the three clock select lines to support 4 VGA clocks and 4 NTSC modes. The VGA clocks are
available in 7 different patterns (i.e. 25.175, 28.322, 40.000, 65.000 is one pattern). The 4 NTSC modes are Genlock,
Overlay, Graphics Only, and Video Only. The selection between any NTSC mode or between NTSC and VGA is done
entirely under BIOS or software control.

10. Why did you incorporate a dot clock generator in the GSP500?

The GSP500 works by modifying the dot clock input for the VGA controller. It essentially is a dot clock generator
designed for NTSC genlock. The dot clock generator is not so much of an extra feature as it is a subset of the genlock
design. Consequently, this unity design assures you of a reliable glitch-free solution.

11. When the GSP500 displays an Overlay, how do | determine which part of the screen
displays graphics and which is VGA?

The GSP500 uses a technique called Color-Key to determine where to display the external video. This Color-Key color
is based on the VGA color number. Therefore, no colors are actually lost. As an example, the background color is
always Color 0. When Color-Keying on Color 0, the screen will appear to have a background of the external video.
The actual color that the VGA assigns to Color 0 does not matter. Any of the 256 color numbers can be assigned to
be a Color-Key. Although the GSP500 modifies the Color-Key input, the Color-Key selection is done by an external 8
bit digital compare.

12. Why is the Color-Key selection external to the GSP500?

Color-Key selection is done with an 8 bit compare of the digital RGB signals with a preassigned byte. The digital RGB
data comes from the VGA controller and the preassigned byte normally comes from the IBM bus via a port selection.
The output of this comparison is fed into the CKEY (Color-Key) input of the GSP500. Although this Color-Key method
will satisfy 95% of all customers, the external design allows other schemes with multiple or different comparison
options. Additionally, since all of these signals are already available inside the VGA controller, many manufacturers
have announced plans to incorporate the Color-Key function inside the VGA controller.

13. What about PAL and/or SECAM compatibility?

ICS is presently working on a PAL version of the GSP500. In its current implementation, it will be pin compatible with
the GSP500 but require different values for the discrete components and will also need a different crystal oscillator.
Although a SECAM version is technically possible, due to the uncertain market potential product development is not
currently underway.

14. Can | look forward to a combination PAL and NTSC product?

Unfortunately, the amount of circuitry common to both a PAL and an NTSC version is minimal. Separate versions are
currently the lowest cost solution. Although the crystal frequency, some discrete components and the Bios would
have to change, the same board layout could support both standards by simply changing the parts list.
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15. Does the GSP500 accept multiple video inputs? What about an S-Video input?

The GSP500 has two independent video inputs. Either input can be used or they can both be disabled. Either input
can be wired to accept either S-Video or NTSC. Selection between the two inputs is performed under hardware control.

16. Why doesn’t the GSP500 incorporate audio?

The NTSC and S-Video baseband signals do not have a provision for audio. This means that the video and audio
signals are completely separate signals at all times. ICS offers audio products for the multimedia market that can be
incorporated into the design but allows the designer maximum flexibility by keeping them separate products.

17. Can | use the GSP500 with an RF modulator?

Yes, but the quality of the image may suffer. When NTSC is modulated up to RF frequencies, audio is modulated onto
a 4.5 MHz carrier and the video is limited to a maximum frequency of 4.2 MHz. Although 4.2 MHz may be sufficient
for moving images it can be limiting for high resolution computer graphics. This problem is magnified because the
majority of RF modulators are very low quality devices. Additionally, even if a high quality RF modulation is obtained,
the signal may still be degraded by the RF demodulator inside the television set. ICS does recognize the these
limitations may be outweighed by the user-friendliness and compatibility of the RF standard. High quality RF
modulators are available and the GSP500 does have the necessary signals for support but these issues should be
carefully weighed before implementation.

18. Can the GSP500 display NTSC video on my VGA screen?

No, in order to display NTSC video at 31.5 KHz, it is necessary to convert NTSC into component form, digitize it in
real time, and store at least one frame of video. Although technology exists to accomplish this, the price-to-perform-
ance ratio of these products is too high for mass market acceptance at this time.

19. Is there any question that | forgot to ask?

Yes, when | use a graphics program, | find the borders very distracting yet | need the borders in text modes to
insure that | can read the DOS prompt. Can the GSP500 help me with this problem? The GSP500 has the ability
to adjust the width of the screen totally under Bios control. This means that you can have limited overscan in
mode 13, minor underscan in mode 3 and generous overscan in mode 12. Software drivers can even be written
to dynamically change the screen width with the cursor keys.

20. Does this mean | can change the height of the screen also?

NTSC has a fixed number of lines. In order to change the vertical size, the screen data must be compressed or
expanded into fewer or greater lines. This can be accomplished in a text mode by changing the font size or in a
graphics mode with linear interpolation. The GSP500 always maintains an exact one-to- one correlation between the
NTSC and VGA line position and therefore does not support vertical sizing.

21. Where do | get a development kit for the GSP5007?

Call ICS at (800) 220-3366 for more information. We will put you in touch with a local rep. who will be more than happy
to supply you with a full GSP500 development kit. The ICS full service support organization is always ready to help
you with the latest in Multimedia solutions.
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Integrated
Circuit
Systems, Inc.

GSP600

VGA/PAL Video Genlock Processor with Overlay

Overview

The GSP600 allows the text and graphic images of VGA and
Super VGA controllers to be displayed on standard PAL
televisions or recorded on a VCR. Additionally, the
GSP600 accepts external video input from a camcorder or a
VCR and will synchronize (genlock) the VGA or Super
VGA controller to the external video. The GSP600 also
allows VGA and video images to be overlaid on the same
television screen. The GSP600 meets or exceeds all PAL
broadcast standards for timing accuracy and allows the
VGA controller to maintain true PAL compatibility at all
times. The GSP600 is compatible with virtually all VGA
controllers. Tseng Labs, Oak Technology, Trident Micro-
systems, S3, and NCR have BIOS support available for the
G SP family of products.

9 1 61
00000000000000000

Features
e Direct input of PAL or S-Video (S-VHS and Hi-8
video).

e Onboard PAL/S-Video sync and black burst generation
for local video operation. Video chroma burst separate
with 4.433618 MHz and 17.734475 MHz phase locked
outputs.

e Meets or exceeds all timing specifications for studio and
broadcast television.

e HighefficiencyPAL/S-Video conversion that maintains
VGA performance.

e Dynamic overscan and underscan adjustment of PAL/S-
Video modes under BIOS and/or software control.

e Software selection between all VGA and PAL/S-Video
modes.

10 = ' 60 e PAL/S-Video conversion support for all VGA and Ex-
E E tended VGA modes with 600 or fewer lines.
S = e Built-in dot clock circuitry to eliminate crystal oscilla-
g GSP600 = tors for VGA, plus extended VGA operation up to
g g 135 Mhz.
'é' E e Low power consumption, ideal for laptop computers.
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Internal Block Diagram
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Theory of Operation

The GSP600 can be thought of as an extremely sophisticated
dot clock generator. In its simplest form, the GSP600 will
generate all of the dot clock frequencies necessary to drive
VGA and Super VGA controllers. The different frequen-
cies are selected with the MODE SELECT LOGIC from the
VGA chip. Selection is similar to selecting frequencies on
any of the ICS dot clock generators (i.e., ICS1394, ICS1494,
ICS1561, ICS2494, etc.). Additionally, there are four re-
served frequency addresses. These are labeled GL (gen-
lock), OV (overlay), VO (video only), and GO (graphics
only). Choosing any of these addresses will switch the
GSP600 from VGA mode to PAL mode. Under PAL mode,
the GSP600 accepts vertical and horizontal VGA SYNC
from the VG A controller and uses the sync to generate and
adjust the VGA DOT CLOCK. The GSP600 will automat-
ically vary the frequency of the dot clock in order to synchro-
nize the VGA sync signals with a PAL reference signal. This
reference signal can be derived from a video device (such as
a camcorder) connected to VIDEO INPUT 1 or VIDEO
INPUT 2. The GSP600 provides an RGB-to-PAL encoder
with the VIDEO OUTPUT signal which is either VIDEO
INPUT 1, VIDEO INPUT 2, or an internally generated black
burst signal. All of the necessary ENCODER LOGIC sig-
nals to properly drive the encoder are provided by the
GSP600. During PAL modes the GSP600 also creates the

D-15 SYNC OUTPUT for the monitor connection to allow
for TV projection output of the VGA images. The PIXEL
SWITCH information derived from external CKEY INPUT
tells the encoder whether to display the VGA image or
external video for each pixel. Assuming the images are
genlocked, this creates the overlay effect.

Block definition

Video Input Switch

The Video Input Switch selects whether the GSP600 uses
VIDEO INPUT 1 or VIDEO INPUT 2 as the external video
source. It is controlled by an external pin of the GSP600.

PAL Sync Separator

The GSP600 contains a high quality sync separator to allow
direct input of PAL, S-VHS, or HI-8 video signals from
camcorders, VCRs, and other video products. The GSP600
utilizes a differential video input circuitry for maximum
noise immunity. It also employs digital noise filtering and
enhanced digital signal tracking technology to ensure maxi-
mum compatibility with consumer, industrial, and broadcast
video signals. Although low cost video sync separator prod-
ucts are commonly available, theyare primarily designed for
television and video monitor use. The simple diode clamping
circuit used in these devices does not have the accuracy or
noise immunity required for genlocking.
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PAL Sync and Black Burst Generator
PAL Sync Generator

The studio quality built-in video sync generator allows the
GSP600 to operate without an external video input and still
maintain broadcast video timing. This assures PAL com-
patibility at all times. When external video is present, the
sync generator works in conjunction with the sync separator
to isolate sync from noisy video signals.

Black Burst Generation

Most RGB-to-PAL encoders synchronize a crystal oscilla-
tor to the chroma burst signal of the external video signal.
This provides the color reference portion of the video signal.
If an external video signal is not available, the crystal oscil-
lator will free run, creating screen artifacts such as 45 degree
moving lines in constant color portions of the screen. To
eliminate this problem, the GSP600 generates a black burst
video signal. Black burst video is an analog signal containing
both sync and a correctly phased chroma burst signal. This
ensures proper color reference generation at all times. The
GSP600 provides black burst output to the encoder when
external video is either missing or not selected (non-genlock
mode).

INT/EXT Video Switch

The Internal/External Video Switch determines whether the
encoder uses external video or the black burst signal. If
external video is chosen, the GSP600 will simply pass the
external video signal through to the encoder, unaffected.
Black burst is used when external video is not present. The
switch is controlled by the Video Signal Processing and Sync
Correction circuitry.

Video Signal Processing and Correction

Video Signal Processing

The Video Signal Processing circuitry of the GSP600 meas-
ures the incoming video signal for basic timing accuracy and
signal noise. It contains intelligent circuitry to remove ex-
traneous portions of the video signal that would normally be
incorrectly categorized as sync. This is extremely important
when using a VCR as a video input. If there is an interrup-
tion of the external video signal, this circuit will automat-
ically switch inputs from the external video signal to the
internal sync generator. When the external video signal
resumes, the circuit will automatically switch back to the
external video. The Video Signal Processing accepts the
MODE SELECT LOGIC from the VGA chip. This logic
chooses either VGA or PAL operation and selects whether
genlock to external video is to be enabled.

Sync Correction

The Sync Correction circuitry looks for missing sync pulses,
block sync, single field video, and phase shift errors caused
by the head switching zone of a VCR. It assures proper
genlock during all of these problems common in consumer
video products.

Genlock Timing Control and Clock Regulation

The GSP600 looks at the input sync from the VGA control-
ler and determines how to alter the dot clock to create PAL
timing. Both the frequencyand the method can change with
different VGA modes. The GSP600 enables virtually any
VGA controller capable of interlacing to create PAL timing.
The GSP600’s unique architecture provides ultra-high effi-
ciency and flexibility and allows the frequency of the dot
clock to be controlled totally under BIOS or software con-
trol. Screen attributes such as horizontal width and position
can be individually programmed for each mode while main-
taining genlock integrity. This circuit will modify the timing
of virtually any mode, with 600 or fewer lines, to meet PAL
specifications. The GSP600 genlock timing control and
clock regulation design is awaiting patent approval.

Precision Dot Clock Generator

The GSP600 uses the same state-of-the-art dot clock tech-
nology that has made ICS the premier supplier of VGA dot
clock generators. ICS offers the highest accuracyand lowest
jitter products available.

CKEY

The ckey (or color-key) circuitry creates the pixel switch for
the encoder. This signal determines whether the VGA im-
age or external video is displayed for each pixel. Ckey is
modified bythe GSP600 to ensure that the pixel switch signal
is delayed (to make up for delays inthe RAMDAC) and that
it has proper levels during sync and blanking. If the VGA
and external signals are genlocked, this pixel switch will
create an overlay effect.
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PIN
NUMBER

1

10

11

12

13

14
15
16

17
18
19

20

21

22

23

NAME

VLE
ODD/EVEN
BP

DATAIN
CB

CS

CKEY

TEST
VSYNCOUT
DATAFRAME

OVENABLE

I/ES

LOC/REM

BRSTACT
FRTSTOUT
HS

HRSTOUT
HSYNCOUT
VSS

VDD
VDD
VSS

FS5

DESCRIPTION

VERTICAL LOCK ENABLE. HIGH for VGA controllers.

LOW disables vertical lock feature, may be useful for Non-VGA Operation.
ODD/EVEN FIELD IDENTIFICATION. HIGH indicates odd numbered
field, LOW indicates even numbered field.

BACK PORCH PULSE. Negative polarity TTL level signal used by some
RGB-to-PAL encoders.

Data input for inserting SMPTE time code in video signal.

COMPOSITE BLANKING OUTPUT. Indicates non-screen data portions
of PAL signal.

COMPOSITE SYNC. PAL composite sync output for RGB-to-PAL
encoders. Gated off during VGA modes.

COLOR KEY. Resultant input from the 8-bit compare of digital RGB
(P0O-P7) and a software selectable byte. This color key determines which pixels
display VG A and which display external video in overlay mode. See Hardware
Interface Manual for more details.

For ICS use only.

VERTICAL SYNC OUTPUT. Vsync output for DB-15 connector.

TTL level framing signal active during lines 10-20. For use in time code
applications.

OVERLAY ENABLE. Fast pixel rate switch. HIGH displays PAL output,
LOW display RGB output. Used for overlay encoders. See Application
Notes for wiring details.

INT/EXT. SYNC. Determines sync selection in OVENABLE signal.

Tie LOW normally.

LOCAL/REMOTE. A LOW output state signifies REMOTE status indicating
that external video is present and a genlock mode has been selected. If external
video goes away or a non-genlock mode is selected, LOCAL/REMOTE will
go HIGH.

For ICS use only.

For ICS use only.

HORIZONTAL SYNC. For some RGB-to-PAL encoders.

Gated off during VGA modes.

For ICS use only.

HORIZONTAL SYNC OUTPUT. Hsync output for DB-15 connector.
Digital ground. We strongly recommend the use of a multilayer board and a
ground plane.

5 Volt digital power. We strongly recommend the use of a multilayer board
and a power plane.

5 Volt digital power. We strongly recommend the use of a multilayer board
and a power plane.

Digital ground. We strongly recommend the use of a multilayer board and a
ground plane.

Frequency Select 5. Selects between multiple VGA Dot Clock frequencies,
Genlock modes and PAL frequencies. See Dot Clock Generation and

PAL Mode Selection sections for a more detailed description.

Also see Application Notes for wiring diagrams and BIOS Interface Manual
for details.
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PIN
NUMBER

24
25
26
27
28

29
30
31

32

33

34
35
36

37
38

39
40

41
42

43
44

45

46
47

48

49

NAME
FS4
FS3
FS2
FS1
FSO

EXTSYNC
VCRI1
CLAMPLEV

Y2
Y1

C2
Cl1
4.43SC

FRSTIN
AVDD

GFF
VCOLF

SYNCTHRS
VGAO/E

COouT
RST

YOUT

HALIGNOUT

SYSLF

XTALI

XTALO

GSP600
A

DESCRIPTION

Frequency Select 4. Selects between VGA Dot Clock frequencies and
PAL modes.

Frequency Select 3. Selects between VGA Dot Clock frequencies and
PAL modes.

Frequency Select 2. Selection between VGA Dot Clock frequencies and
PAL modes.

Frequency Select 1. Selects betweenVGA Dot Clock frequencies and
PAL modes.

Frequency Select 0. Selects between VGA Dot Clock frequencies and
PAL modes.

For ICS use only.
HIGH permits using VCRs as an input.

Clamping level adjustment for video input. See Application Notes for
more details.

PAL video input number 2. Note: This is also the Y (luminance) input for
S-Video systems.

PAL video input number 1. Note: This is also the Y (luminance) input for
S-Video systems.

C (Chrominance) input number 2 for S-Video systems.

C (Chrominance) input number 1 for S-Video systems.

4.433618 MHz SUBCARRIER OUTPUT. Phase-locked to the chroma burst
signal to allow encoders to maintain proper SCH phasing.

For ICS use only.

5 Volt analog power. We strongly recommend the use of a multilayer board
and a power plane.

Inverts field 1 and field 2 of VGA sync. Normally tied HIGH.

VCO LOOP FILTER CIRCUIT. External RC circuit used in VCO circuitry.
See Application Notes for component values.

Sync threshold adjustment for video input. See Application Notes.

VGA ODD/EVEN FIELD IDENTIFICATION. HIGH indicates odd
numbered field, LOW indicates even numbered field.

C (Chrominance) OUTPUT. C output for S-Video systems.

Chip reset pulse. This to be tied high through a resistor.

Do not tie to the computer reset line.

Y (Luminance) OUTPUT. PAL video output when the PAL/SVID

input is in the HIGH state. Y output for S-Video systems when the
PAL/SVID input is in the LOW state.

For ICS use only, wire to pin 62.

SYSTEM CLOCK LOOP FILTER CIRCUIT. External RC circuit used in
the chroma burst phase locking circuit. See Application Notes for
component values.

17.734475 MHz crystal circuit. See Application Notes for parts specifications
and wiring diagrams.

17.734475 MHz crystal circuit. See Application Notes for parts specifications
and wiring diagrams.
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PIN
NUMBER

50

51
52
53
54
55
56
57

58

59
60

61

62
63

64

65

66
67

68

NAME

AVSS

VID1/2
VCOOUT
FILTSEL
DOTCLOCK
VFF

VCR2
VGA/PAL

BG

LOC/REM IN
VGAHSYNC

VGAVSYNC

HALIGNIN
PAL/SVID

VS
4XSC

PCLK
DATAOUT

SCH

DESCRIPTION

Analog ground. We strongly recommend the use of a multilayer board and a
ground plane.

Input selector. High for Y1/C1, Low for Y2/C2.

For ICS use only, do not wire.

For ICS use only, wire to pin 57.

Clock signal input for VGA chip.

Inverts field 1 and field 2 of PAL sync. Normally tied HIGH.

LOW modifies sync characteristics to permit operation with VCR input.
Mode identification output signal. HIGH indicates a VGA mode, LOW
indicates a PAL mode.

BURST GATE PULSE. Negative polarity TTL level signal used by
RGB-to-PAL encoders.

For ICS use only, wire to pin 13.

VGA HORIZONTAL SYNC. HSYNC signal from VGA chip.

See BIOS Interface Manual for programming details.

VGA VERTICAL SYNC. VSYNC signal from VGA chip.

See BIOS Interface Manual for programming details.

For ICS use only, wire to pin 46.

PAL/S-VIDEO. Selects between PAL and S-Video output. HIGH= PAL;
Low= S-Video.

VERTICAL SYNC. PAL Vsync output for RGB-to-PAL encoders.
Gated off during VG A modes.

4 TIMES SUBCARRIER OUTPUT. 17.734475 MHz signal phase-locked to
the chroma burst signal.

PCLK from VGA chip.

TTL level output. This reads data during lines 10-20 and outputs it as a
digital signal. For use in time code applications.

SCH PULSE. Positive polarity TTL level signal to distinguish between
fields 1 and 3 or 2 and 4. Not necessary for most encoders.
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BIOS Programming Example

BIOS support is currently available from Tseng Labs, Oak Technology, Trident Microsystems, S3, and NCR. Other VGA
manufacturers have support programs underway. If you use one of these VGA controllers that have completed BIOS
support, you can ignore this section. The following information may be helpful to VGA manufacturers and software
developers. These tables represent register settings one particular VG A controller. Others are listed in the BIOS Interface
Manual. This particular controller does not interlace text modes and uses an 8 x 8 font for modes 0, 1,2, 3, and 7. The

horizontal registers are adjusted to produce underscan for text modes and overscan for graphics modes.

Horizontal CRTC Registers

CRTC CRTC Modes: Modes: Modes:
INDEX REGISTER 00, 01, 04, 05, 0D 02, 03, 06, 07, OE, OF, 10 11,12, 13
00 HT 35 6B 66
01 HDE 27 4F 4F
02 SHB 2A 53 52
03 EHB 96 8B 87
04 SHR 30 5B 58
05 EHR 92 83 80
Vertical CRTC Registers
CRTC CRTC 200 Line Modes: 350 Line Modes: 480 Line Modes:
INDEX REGISTER (Non-Interlaced) (Interlaced) (Interlaced)
00, 01, 02, 03, 07, 04, OF, 10 12,13
05, 06, 0D, OE, 13
06 VT 05 05 05
07 OVERFLOW 11 11 11
10 VRS EO D3 F4
11 VRE 84 87 88
12 VDE Cc7 AE EF
15 SVB DC CF FO
16 EVB F2 E5 06

Note: The MSB of the MSL register INDEX 09) must be turned OFF in 200 line NTSC modes. When using an 8 x 8 font
for text (modes 00, 01, 02, 03, 07) the 4 LSB of this register will change from F to 7.

Miscellaneous Output Register

Color Modes:
NTSC mode 00, 01, 02, 03, 04, 05, 06, Monochrome Modes:
0D, OE, 10, 11, 12, 13 07, OF

Genlock (GL) 23 22

Overlay (OV) 27 26

Video Only (VO) 2B 2A

Graphics Only (GO) 2F 2E

Extended Registers

Turn OFF all DOTCLOCK/2 bits.
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PAL vs. VGA Horizontal Timing

Safe Action Area
k__—'— Safe Title Area —*

4 7us
1208
64us
Sync
Hor1zontal Display End —_y
Blanking
Hor1zontal Total

PAL vs. VGA vertical timing (200 line mode)

219 220 221 222 223 224 225 226 227 228 229
PAL sync WM
197 198 199 200 201 202 203 204 205 206 207 208
VEA Heyne [ | |l e — — — {1
VGA Vsync
624 625 1 2 3 4 5 6 7 8 9 10 11 12 13

PALsyne _JL L L L U U U U UL LN n N N N — o

221 228 229 230 231 232 233 234 235 236 237 238

VeA Hsyne TL 1 11 o o n o onononn
VGA Vsync

PAL sync

VGA Hsync

VGA Vsync
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Electrical Specifications

Operating temperature range 0 °C to 70 °C

Electrical Characteristics

GSP600
A

SYMBOL PARAMETER MIN TYP MAX UNITS
AvVDD Analog Supply 4.5 5.0 5.5 Volts
DvDD Digital Supply 4.5 5.0 5.5 Volts

Ipp (VGA) Operating Current - VGA Mode 35 mA

Ipp (PAL) Operating Current - PAL Mode 50 mA

Input Signals
SIGNAL TITLE PIN # TYPICAL VALUE OPERATING CONDITIONS
Y1 33 1 Vpp 75 Ohm load
Ci 35 1Vp.p 75 Ohm load
Y2 32 1Vp.p 75 Ohm load
C2 34 1Vp.p 75 Ohm load
VID1/2 51 TTL/CMOS High= Y1,Cl;Low= Y2,C2
PAL/SVID 63 TTL/CMOS High= PAL;Low= S-Video
VGAVSYNC 61 TTL/CMOS Positive polarity
VGAHSYNC 60 TTL/CMOS Positive polarity
FS0-5 28-23 TTL/CMOS Address/mode select
CKEY 7 TTL/CMOS High= RGB;Low= PAL
PCLK 66 TTL/CMOS Pixel (DAC) Clock from VGA
I/ES 12 TTL/CMOS High = Internal sync
Low = External sync
DATAIN 4 TTL/CMOS Active during DATAFRAME
CLAMPLEV 31 1-15V
SYNCTHRS 41 CLAMPLEV + 0.1V
VLE 1 TTL/CMOS Tie to Vpp through resistor
RST/ 44 TTL/CMOS Tie to Vpp through resistor
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Output Signals

SIGNAL TITLE PIN# TYPICAL VALUE OPERATING CONDITIONS
VSYNCOUT 9 TTL Positive polarity during PAL modes
HSYNCOUT 18 TTL Composite sync during PAL modes

VS 64 1Vp.p Positive polarity
HS 16 1Vp.p Positive polarity
CS 6 1Vp.p Positive polarity
DOTCLOCK 54 TTL
YOUT 45 1Vp.p 75 Ohm load
CouT 43 1Vp-p 75 Ohm load
4.43SC 36 TTL 4433618 MHz
4XSC 65 TTL 17.734475 MHz
LOC/REM 13 TTL High = local; Low = remote
OVENABLE 11 TTL High= PAL;Low= RGB
VGA/PAL 57 TTL High= VGA;Low= PAL
CB 25 TTL Positive polarity
ODD/EVEN 2 TTL High = odd field; Low = even field
VGAO/E 42 TTL High = VGA odd field
Low= VGA even field
BG/ 58 TTL Negative polarity
FP/ 3 TTL Negative polarity
SCH 68 TTL Positive polarity
DATAFRAME 10 TTL Lines 10-20
DATAOUT 67 TTL Active during DATAFRAME
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Dot Clock Selection

The following charts represent two of the many dot clock frequency selection tables supported by GSP600. See the BIOS
manual or contact ICS applications engineering for additional information.

FREQUENCY (MHz) FS5 FS4,FS3,FS2 FS1 FSO
50.350 0 1 0 0
56.644 0 1 0 1
65.028 0 1 1 0
72.000 0 1 1 1
75.000 1 0 0 0
80.000 1 0 0 1
89.800 1 0 1 0
110.000 1 0 1 1

GenLock 1 1 0 0
OVerlay 1 1 0 1
Video Only 1 1 1 0
Graphics Only 1 1 1 1

FREQUENCY (MHz) FS5,FS3 FS4, FS2 FS1 FSO
25.175 0 1 0 0
28.322 0 1 0 1
40.000 0 1 1 0
44.900 0 1 1 1
GenLock 1 1 0 0
OVerlay 1 1 0 1
Video Only 1 1 1 0
Graphics Only 1 1 1 1
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GSP600 Frequently Asked Technical Questions.

1. What will the GSP600 do for me?

The GSP600 adjusts the timing of a VGA controller to conform to PAL (television) specifications. The GSP600 accepts
direct video input from video cameras, videodisc players or other video sources and will synchronize (genlock) a VGA
controller to either the external video input or an internal PAL sync generator. The GSP600 also contains a dot clock
generator to eliminate the need for crystal oscillators or other dot clock generators.

2. How does the GSP600 differ from other genlock devices?

Other genlock devices, such as the Motorola MC1378, are very effective at genlocking two PAL signals together and
are generally used in consumer electronics products such as video window-in-a-window devices. The GSP600 is
specifically designed to genlock acomputer graphics controller to PAL video and overcomes all of the incompatibilities
between VGA and PAL. Additionally, the GSP600 contains an PAL sync generator and maintains chrominance phase
lock in local modes. This allows the GSP600 to maintain PAL timing without an external video input. Furthermore, the
sync separator circuit of the GSP600 is designed to satisfy the low jitter tolerances demanded by discriminating VGA
customers.

3. Isn’t genlock simply a phased-lock loop?

Phase locking two similar signals is fairly straightforward as long as phase jitter is not critical. As an example, ICS is
one of the few companies able to successfully build phase-locked loop dot clock generators with low enough phase
jitter for computer graphics display. Additionally, the differences between VGA and PAL signals further complicate the
genlock procedure. The GSP600 has patents applied for for the most advanced computer video genlock methods in
the industry. These methods assure you of the highest possible quality product.

4. Most Genlock and Overlay products have a lot of discrete components with trimmer
capacitors and potentiometers. All these adjustments can become very expensive in
a mass production environment. How much external circuitry does the GSP600
require?

Although the GSP600 can be run with no trimmer capacitors or potentiometers, one trimmer capacitor should bz used
to meet the PAL frequency tolerance of the chroma burst. This is a free running frequency and is very simple (and
fast) to adjust. Additionally, the GSP600 uses high speed digital circuitry to eliminate virtually all discrete components.
Only a few external components are needed for full operation.

5. Dol need an RGB-to-PAL encoder with the GSP600?

Yes, an external RGB-to-PAL encoder is needed. The encoder must be matched to the target audience. The GSP600
can be used under broadcast television scrutiny and most broadcast video equipment perform the encoding entirely
with discrete components. As this may prove too costly and/or may use too much board space, the GSP600 contains
all of the necessary signals to drive virtually any encoder. The GSP600’s generous supply of timing signals will also
drive external circuitry to turn off the encoder for laptop applications.

6. Why do | need the GSP600. Can’t | program a VGA controller for PAL sync and just
drive an RGB-to-PAL encoder?

PAL sync contains equalizing pulses, blanking signals and pulse widths that are impossible to create under normal
VGA control. Although marginal display quality is achievable on a television without adhering to the PAL standard,
compatibility with other PAL equipment is compromised. As an example, depending on which edge of horizontal sync
the monitor triggers on will determine how far an incorrect width horizontal sync pulse will skew the screen. Additionally,
it becomes virtually impossible to assure proper chroma burst (SCH) phasing. The GSP600 sync generator meets or
exceeds all PAL broadcast standards for timing accuracy assuring you of maximum compatibility and ultimate quality.




7. National sells a sync separator for less than $2 while the Brooktree part costs over
$50. What is the difference and how does the sync separator in the GSP600 compare?

The sync separation circuitry in the National part is a simple diode clamp. Although this may be adequate for driving
apicture tube, the lack of noise and jitter immunity make it unsuitable for genlock applications. Additionally, the analog
vertical sync detection circuit of these type of devices will not accurately track a VCR signal. The Brooktree device
represents a mixed-mode approach to sync separation. By utilizing a fast analog circuitry coupled with high speed
digital logic, noise and jitter immunity can be optimized. The GSP600 also uses a mixed mode approach specifically
optimized for genlock operation yet the incorporation of a sync generator allows signal analysis not possible with
other devices.

8. Is the GSP600 compatible with any VGA controller?

VGA controllers need to have two features to work with the GSP600. First, they need to be able to interlace - if your
controller can display 1024 x 768 resolution, then it can probably interlace (the additional 256K memory is not
necessary). Second, the controller must have at least three clock select lines for external dot clock generator support.
Virtually all current VGA controllers have this feature. Check with your VGA controller manufacturer or ICS if you are
unsure.

9. How do | turn the PAL on and off and control it?

The GSP600 uses the three clock select lines to support 4 VGA clocks and 4 PAL modes. The VGA clocks are available
in 7 different patterns (i.e. 25.175, 28.322, 40.000, 65.000 is one pattern). The 4 PAL modes are Genlock, Overlay,
Graphics Only, and Video Only. The selection between any PAL mode or between PAL and VGA is done entirely under
BIOS or software control.

10. Why did you incorporate a dot clock generator in the GSP600?

The GSP600 works by modifying the dot clock input for the VGA controller. It essentially is a dot clock generator
designed for PAL genlock. The dot clock generator is not so much of an extra feature as it is a subset of the genlock
design. Consequently, this unity design assures you of a reliable glitch-free solution.

11. When the GSP600 displays an Overlay, how do | determine which part of the screen
displays graphics and which is VGA?

The GSP600 uses a technique called Color-Key to determine where to display the external video. This Color-Key color
is based on the VGA color number. Therefore, no colors are actually lost. As an example, the background color is
always Color 0. When Color-Keying on Color 0, the screen will appear to have a background of the external video.
The actual color that the VGA assigns to Color 0 does not matter. Any of the 256 color numbers can be assigned to
be a Color-Key. Although the GSP600 modifies the Color-Key input, the Color-Key selection is done by an external 8
bit digital compare.

12. Why is the Color-Key selection external to the GSP600?

Color-Key selection is done with an 8 bit compare of the digital RGB signals with a preassigned byte. The digital RGB
data comes from the VGA controller and the preassigned byte normally comes from the IBM bus via a port selection.
The output of this comparison is fed into the CKEY (Color-Key) input of the GSP600. Although this Color-Key method
will satisfy 95% of all customers, the external design allows other schemes with multiple or different comparison
options. Additionally, since all of these signals are already available inside the VGA controller, many manufacturers
have announced plans to incorporate the Color-Key function inside the VGA controller.

13. What about NTSC and/or SECAM compatibility?

ICS has an NTSC version of the GSP600 (the GSP500). In its current implementation, it is pin compatible with the
GSP600 but require different values for the discrete components and will also need a different crystal oscillator.
Although a SECAM version is technically possible, due to the uncertain market potential product development is not
currently underway.

14. Can | look forward to a combination PAL and NTSC product?

Unfortunately, the amount of circuitry common to both a PAL and an NTSC version is minimal. Separate versions are
currently the lowest cost solution. Although the crystal frequency, some discrete components and the Bios would
have to change, the same board layout could support both standards by simply changing the parts list.
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15. Does the GSP600 accept muitiple video inputs? What about an S-Video input?

The GSP600 has two independent video inputs. Either input can be used or they can both be disabled. Either input
can be wired to accept either S-Video or PAL. Selection between the two inputs is performed under hardware control.

16. Why doesn’t the GSP600 incorporate audio?

The PAL and S-Video baseband signals do not have a provision for audio. This means that the video and audio signals
are completely separate signals at all times. ICS offers audio products for the multimedia market that can be
incorporated into the design but allows the designer maximum flexibility by keeping them separate products.

17. Can | use the GSP600 with an RF modulator?

Yes, but the quality of the image may suffer. When PAL is modulated up to RF frequencies, audio is modulated onto
a 4.5 MHz carrier and the video is limited to a maximum frequency of 4.2 MHz. Although 4.2 MHz may be sufficient
for moving images it can be limiting for high resolution computer graphics. This problem is magnified because the
majority of RF modulators are very low quality devices. Additionally, even if a high quality RF modulation is obtained,
the signal may still be degraded by the RF demodulator inside the television set. ICS does recognize that these
limitations may be outweighed by the user-friendliness and compatibility of the RF standard. High quality RF
modulators are available and the GSP600 does have the necessary signals for support but these issues should be
carefully weighed before implementation.

18. Can the GSP600 display PAL video on my VGA screen?

No, in order to display PAL video at 31.25 KHz, it is necessary to convert PAL into component form, digitize it in real
time, and store at least one frame of video. Although technology exists to accomplish this, the price-to-performance
ratio of these products is too high for mass market acceptance at this time.

19. lIs there any question that | forgot to ask?

Yes, when | use a graphics program, I find the borders very distracting yet | need the borders in text modes to
insure that | can read the DOS prompt. Can the GSP600 help me with this problem? The GSP600 has the ability
to adjust the width of the screen totally under Bios control. This means that you can have limited overscan in
mode 13, minor underscan in mode 3 and generous overscan in mode 12. Software drivers can even be written
to dynamically change the screen width with the cursor keys.

20. Does this mean | can change the height of the screen also?

PAL has afixed number of lines. In order to change the vertical size, the screen data must be compressed or expanded
into fewer or greater lines. This can be accomplished in a text mode by changing the font size or in a graphics mode
with linear interpolation. The GSP600 always maintains an exact one-to- one correlation between the PAL and VGA
line position and therefore does not support vertical sizing.

21. Where do | get a development kit for the GSP600?

Call ICS at (800) 220-3366 for more information. We will put you in touch with a local rep. who will be more than happy
to supply you with a full GSP600 development kit. The ICS full service support organization is always ready to help
you with the latest in Multimedia solutions.
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m Integrated

Circuit
Systems, Inc.

1ICS2001

Sound Output Circuit

General Description Features
The ICS2001 is a CMOS integrated circuit containing an 8-bit e  8-bit D/A converter
digital to analog converter fed by a 16-byte FIFO memory e  16-byte FIFO
array. This device is intended to form the nucleus of alow-cost ¢ 5y and 9V operation
audio-output subsystem for personal computers, workstations, ) . . .
games, and talking books. The ICS2001 is the core of the ° L LL-ievel inputs with hysteresis
Disney Sound Source.™ * RCclock oscillator
e Software drivers for DOS and Windows

Block Diagram

RC
OSCILLATOR
INIT* . 14KHz
00K5 ) o> > RESET Kz
SELECT T
< 200K
| S 8X16
D7 2> D7 fro
D6 - 5> D6 - DAC
" our

D5 - 2> D5 8 BIT *

D4 ~—+—I5 D4 DAC

D3 —t—15> D3

D2 3> D2

D1 = 5> D1

Do - {3> DO
STROBE 3> >0 SHIFT IN

|k
RESET

B *

usY 100K - DATAREADY LR

*Sound Source Is a trademark of Walt Disney Computer Software Incorporated

Ordering Information

ICS2001M (SO Package)
ICS2001N  (DIP Package)
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Pin Configuration

VoD |1 16 — Vss
STROBE — 2 15 +— DACOUT
DO — 3 14 — RC
DI — 4 13 — INIT*
D2 — 5 12 +— SELECT
D3 — 6 11 — D6
D4 — 7 10 — D7
D5 — 8 9 — BUSY*
Pin Descriptions
PIN NUMBER PIN NAME TYPE DESCRIPTION
1 VDD Power Positive power supply
2 STROBE Input Data strobe
3 DO Input Data input
4 D1 Input Data input
5 D2 Input Data input
6 D3 Input Data input
7 D4 Input Data input
8 D5 Input Data input
9 BUSY* Output Busy (Active Low)
10 D7 Input Data input
11 D6 Input Data input
12 SELECT Input
13 INIT* Input Initialization (Active Low)
14 RC Oscillator One-pin oscillator
15 DACOUT Output Converter output
16 VSS Power Negative power supply/ground
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Absolute Maximum Ratings

Storage temperature ... .............c.c..o.aeoo.. -65 °C to 150 °C
Voltage on any pin with respect to ground. .. ... ... -0.5V to Vpp+0.5V
Maximum VDD . ..o 10.6V

Standard Test Conditions

Operating Temperature Range . . ................ 0°Cto70°C
Power Supply Voltage ........................ 4.5t010.0V

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

DC Characteristics

PARAMETER SYMBOL NOTES MIN TYP MAX UNITS
Logical 1 Input Voltage VI 2.0 VbD \Y%
Logical 0 Input Voltage VIL 0 0.8 v
Input Leakage Current It Any input -1.0 1.0 uA
Input Hysteresis Any input 20 50 mV
Pull down resistors INIT*, SELECT 100 200 300 K ohm
Pull down resistor BUSY* 50 100 200 K ohm
Supply Current Ipp 5.0 mA
DAC output voltage Vpacourt |Data=$00 Vpp/6 \Y%

Data=$FF Vpp/2
DAC Differential Linearity -1 +1 LSB
DAC Output Current Ipacoutr |VpD=4.5 200 500 uA
DAC Output Current Ipacoutr |VDD=9 1 mA
DAC Capacitive Load CL 20 pF
Output Current High Ion Vpp=4.5V 200 400 LA
Vou=2.0V
Output Current Low ToL Vpp=4.5V 200 400 A
VoL=.8V
AC Characteristics

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Oscillator Frequency Fosc R=160K; C=1000pF 12.6 14.0 154 kHz
Data Setup Tps 0 ns
Data Hold Topu 100 ns
STROBE Width Low TsL 50 ns
STROBE Recovery High Tsr 50 ns
BUSY* Delay TBD CL=50pF 750 ns
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Timing Diagram

D7-DO

STROBE *——‘—\—_/——”——\—/

tDS—»

|-—-tSL—-

d—tSR—-l

|4tBD

BUSY*
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Function Description

The overall operational status of the ICS2001 is controlled by
the INIT* and SELECT inputs. Ifeither INIT* or SELECT is low,
the chip is held in the "reset" condition: The BUSY* output is
asserted, the STROBE input is ignored, and DAC OUT is
forced to VDD/6 (minimum value). When INIT* and SELECT
become high, the device enters the "run" condition, and BUSY *
goes high indicating the FIFO is "ready for data."

Binary data 1s fed to the ICS2001 via the DO-D7 pins and
latched into the FIFO buffer by the rising edge of STROBE.
Input data flow is controlled by the BUSY * output. Data in the
FIFO is shifted out to the D/A converter at a rate established by
the RC oscillator, typically 7 kHz. A data value of $00 will
generate nominal output of VDD/6 volts, while a value of $FF
will result in an output of VDD/2 volts.

The following steps represent a typical sound-playback se-
quence: SELECT is asserted causing BUSY* to go high indi-
cating buffer ready for data. Data applied to pins DO-D7 are
latched into the FIFO on the rising edge of STROBE. Addi-
tional bytes of data may be strobed in as long as BUSY*
remains high. Thus, BUSY* is used to control the flow of data
into the FIFO. SELECT is de-asserted after the last data byte
has been written and sufficient time allowed for it to be repro-
duced.

Note that the first data byte strobed in under a "ready," i.e.
BUSY*=1, status will ripple through to the D/A converter and
its analog value appears on DAC OUT asynchronously. Sub-
sequent bytes will be output at the data rate established by the
RC clock as long as there is data in the FIFO. Therefore, it is
recommended that sound samples be padded with a $00 leading
byte to avoid time distortion between the first and second
sample. Similar glitches may occur in the middle of sound
sequences if the FIFO is allowed to empty.

Also note, that if the device is enabled (INIT* and SELECT=1)
while the STROBE input is high, the current value of the data
bus will be shifted into the FIFO. Therefore, during initializa-
tion for operation with STROBE pulsing low (statically high),
valid data (usually $00) should be placed on the data inputs
before the reset condition is removed.

In atypical application, the ICS2001 shares a standard personal
computer (Centronics) printer port with the system printer, and
is powered by the same 9V source that supplies the external
low-pass filter and speaker driver that comprise the balance of
the sound subsystem. In the interest of simplicity and minimal
cost, this power source is usually a battery.

1CS2001
A

In order to minimize unwanted current flow through the inputs
of the ICS2001 when the battery is disconnected or dead, all
chip inputs should be connected to the printer port via series
resistors with a nominal value of 10K ohms, and the power
connection to the VDD pin should include a blocking diode.
The BUSY* output, which normally drives an external NPN
transistor, is provided with an internal 100K pull-down resistor
to keep the transistor turned off when the ICS2001 is not
powered up.

The oscillator frequency is set by an external resistor and
capacitor. The design center values are 160K ohms (from the
RC pin to VDD) and 1000pF (from the RC pin to VSS). This
results in a nominal clock frequency of 14 kHz plus or minus
5 percent. This signal is internally divided by two to yield an
output sampling frequency of 7 kHz.
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Wavedec™ Digital Audio Codec

Features:

Digital audio 8/16 bit record/playback

Fully programmable sample rates including industry
standards:

- 44.1kHz

22.050 kHz

11.025kHz

8.00kHz

5.513kHz

DAC output oversampled to simplify external filtering.
Four data formats:

16 bit linear
- 8bit linear
- 8bitu-law
- 8bit a-law

16 step analog output level control, -1.5dB/step
8 bit log scale digital volume control
Oversampling ADC with input filter.

Programmable IIR filters for input antialiasing and out-
put reconstruction.

ISA bus interface

8/16 bit DMA and 1/0 transfer modes
Input/output FIFO buffer

Power down mode

Description

The ICS2002 is a mixed-signal integrated circuit providing a
low-cost recording and playback solution for multimedia
audio applications. These applications include document
annotation, voice mail, interactive games, multimedia sound
record/playback, and Windows™ sound production. The
ICS2002 supports the record and playback of 16-bit audio
data, and provides a 8/16-bit parallel interface to the industry
standard PC bus.

e 44 pin PLCC package
Block Diagram
€ (F?fs ’ RAC
Audli || (Filters,| ||
udio | /?\ ADC ulow, DAC > Aut
N Alaw)
Buf In
ADCIN
X T T l
NUTO Y N— Select FIFO [ 5 5 Buf
—_— Out
PWRDN T 1
ISA INTERFACE
Z4 M2 4 A A A A | T A T 1T A T &
S LT 1T T vyl vv [ v
? 18 18 B 1% |2 & g |§ e &
s3 "PEREEEECEE

Wavedec 1s a trademark of Integrated Circuit Systems, Inc.
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Pin Descriptions

PIN TYPE DESCRIPTION
SD15 - SDO 1/0 Data bus
SA1-SA0 1 Address
CS* 1 Chip select (active low)
IOW* 1 Write strobe (active low)
IOR* 1 Read strobe (active low)
SBHE* I System High Byte Enable (active low)
I0CS16* oC Indicates that the access register can support 16 bit transfer.
DRQP [6) DMA Request (play channel)
DRQR [6) DMA Request (record channel)
DACKP* 1 DMA Acknowledge (play channel)
DACKR* I DMA Acknowledge (record channel)
TC I DMA terminal count
IRQ (6] Interrupt request (active high, open drain)
RESET 1 Reset (active high)
XTLI I Crystal oscillator
XTLO (6] Crystal oscillator
PWRDN#* I Power down (active low)
AUDIOIN Al Audio buffer input
ADCIN AO Audio buffer output/input to ADC
DACOUT AO DAC audio output
BUFIN Al Uncommitted audio buffer input
BUFOUT AO Uncommited audio buffer output
VDD P Digital + 5V supply
VDDA P Analog + 5V supply
VDDP P Digital + 5V supply
VSS P Digital GND
VSSA P Analog GND
VSSP P Digital GND
Package Pinout éd ggoégéég
44 Pin PLCC §3ekkegel:¢ Ordering Information
nonNnnionAnNnnn
lowe]7 * ° * 2 2 9N bacout 1CS2002V
ek SRS, ICSdeviesin PLCC packages
IRQ Oe 3sh RESET carrya "V"designation.
prarg  1CS2002  %psoy
SD15 13 330 SD6
SD14 O4 32 SDS
SD13 s 310 SD4
SD12 O1e 3o SD3
SD11 g7 200 SD2
18 19 20 21 22 23 24 25 26 27 28
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Absolute Maximum Ratings

Supply Voltage ...................... -0.5V to 7.0V
LogicInputs.................. -0.5Vto Vpp + 0.5V
Ambient Operating Temperature. . . . ... (lo Cto70 C
Storage Temperature ............... -65 Cto 150 C

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

affect product reliability.

Electrical Characteristics

Vpp = 5.0V 10%;GND = 0V;Ta= 0°Cto+70°C

DC/STATIC
PARAMETER SYMBOL MIN TYP MAX UNITS

Digital Inputs

Input Low Voltage VIL -0.3 0.8 \%

Input High Voltage ViH 2.0 Vpp + 0.3 \

Input Leakage Current IL1 1 UA

Input Capacitance CIN 7 pF
Digital Outputs

Output Low Voltage (IoL = 4.0mA) VoL 04 \

Output High Voltage (Iog = 0.4mA) Vou 24 v

Tri-State Current Ioz 10 UA

Output Capacitance 10 pF

Bi-directional Capacitance 10 pF
Analog Inputs

Audio Input Voltage 0.7 Vrms

Audio Input Impedance 500K ohm

Buffer Input Impedance 500K ohm
Audio Outputs

Audio Output Voltage 0.7 Vrms

DACOUT, BUFOUT Output Impedance ) 1K ohm
Digital Supply Current Icci 1 mA
Analog Supply Current Ipp2 35 mA

Power Down Mode 1 mA

| Play Only Mode 15 mA
Record Mode 30 mA
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Electrical Characteristics
Vpp = 5.0V 10%;GND = 0V; Ta= 0°C to+ 70°C

AC/DYNAMIC
PARAMETER SYMBOL MIN TYP MAX UNITS
Address setup to command tAS 10 ns
Address hold from command tAH 10 ns
Command cycle time tccy 100 ns
Address valid to /IOCS16 delay tAID 50 ns
IOCSI16 hold from address invalid tIH 0 ns
Data valid to /IOW tDS 50 ns
/IOR active to valid data tDAC 60 ns
Data hold after /IOR tDHR 0 ns
Data hold after /IOW tDHW 10 ns
/DACK setup to /IOR tDAR 30 ns
/DACK setup to /IOW tDAW 50 ns
/DACK hold from command tDAH 50 ns
/CS setup to command tcs 10 ns
/CS hold from command tCH 10 ns
TC setup to command inactive tTS 25 ns
TC hold from command tTH 0 ns
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Timing Diagrams

DRQ
/DACK

/I0R

/J10W

/CS

SD<0,15> (READ)
SD<0,15> (WRITE)

TC

}_ toAR —|

tDAW

tnAnj

tcey

— _—\1

fF—— tOoHR

wmj<
VALID

VA

LI

;tﬂs
VALID

VALI

J:ﬂs—

DMA Cycle Timing

0O
(2]
N
(=
o
N




1CS2002

Digital Audio Playback:

To play digital audio files, the chip is programmed for the
desired sample rate, data type, DMA channel width, and
output volume.

For DMA mode playback, DRQ generation is programma-
ble for servicing the FIFO at several levels. This allows
optimal performance with a variety of hosts. When TC is
received, the chip will optionally generate an interrupt to
the host to indicate the need to service the DMA controller.

For I/0 Mode playback, data is written to the FIFO until it
is full. This is determined by polling the "DIR" bit of the
status register. Once the FIFO is full, an interrupt will be
generated optionallyat one of several selectable points: 1/4,
172, or 3/4 full. The host can then burst a predetermined
amount of data to the FIFO and wait for the next interrupt.

Digital Audio Recording:

Audio recording operates in a DMA or I/0O mode similarly
to audio playback with the audio input programmable as a
line or microphone level input. Simultaneous record and
playback is supported and permits the recorded file to be
synchronized to an existing file. The new and existing file
can then be mixed digitally for high quality results.

Data Processing:

To simplify the external circuitry associated with the analog
input and output signals of the chip, input and output sample
rates are oversampled. This allows simple RC filters to be
used.

For playback, the output data is oversampled, interpolated,
filtered and scaled. Since the DSP is fully programmable,
various sample rates and filter shapes can be implemented.
The processed data is then output to the DAC. The DAC
output passes through an analog volume control (4 bits,
1.5dB steps) before being passed to the analog filter stage.

For recording, the input data is first filtered, removing most
of the frequency content above the Nyquist frequency. The
resulting data stream is then undersampled to the desired
sample rate and fed into the FIFO for transfer to the host.

Power Management:

The POWERDN* input can be programmed to act as an
immediate hardware power control, or as an interrupt
source for a software driven power management routine.
The software driven option allows the driver to cleanly shut
down to chip, thus preventing unwanted noise. When active,
the power down function disables all analog components
including the oscillator, and causes the chip to enter a low
power mode.

Miscellaneous Functions:

The chip has a full complement of status and control func-
tions. All significant functions are capable of generating
interrupts and/or being polled.

The DMA can be run in single or demand mode (for bursts
of data in programmed sizes).

The FIFO has programmable interrupt and DMA request
capacities, and also indicates when overflow or underflow
conditions occur.

The processor interface is designed for simple connection to
the ISA bus. For best noise performance, isolating the data
lines from the ISA bus is recommended. In general, feed
through of digital noise is reduced by minimizing the load
which the digital outputs are driving.
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Direct Register Descriptions

The base address is determined externally by an address
decoder which selects the chip via the CS* input.

Status (Base + 0 read)
76543210

LIl
L: Clear Play IRQ
Clear Record IRQ
reserved
Power Down Mode IRQ
FIFO Overflow/Underflow IRQ
Sample Rate IRQ
FIFO Ready
IRQ (same as pin)

=

IRQ Reset (Base + 0 write)
76543210

HEEEN

[ —

— Clear PLAY IRQ
Clear REC IRQ
reserved

Clear PDM IRQ
Clear FOU IRQ
Clear SRIRQ
reserved
reserved

E

This register provides the driver software easy access to the
interrupt source when read. Note that bit 7 indicates the
state of the IRQ pin, and hence will be zero when the MIE
bit is zero (see "Interrupt Enable" register).

A write to the register is performed to clear interrupts.
Writing a one to a given bit will cause the associated interrupt
to be cleared. To release the clear interrupt bit and allow
further interrupts to occur, a zero must be written back to
the bit of interest (some bits have alternate methods of
clearing described later). This feature ensures that if the
interrupt condition still exists, an edge will be generated on
the IRQ pin, thus ensuring recognition on platforms that are
edge sensitive. This also allows for a return from interrupt
instruction to be executed on the platform while the IRQ line
is inactive.

Bit 6 is a special case. There is no IRQ associated with this
bit. It is located here for use in Sound Source Emulation
Mode, and represents the BUSY status of a Sound Source.
When the STATUS is read and tested with 40h, a zero result
indicates that the play FIFO is full.

Note that this register can only be read in STAND ALONE
mode. Hence, indirect access to this register has been pro-
vided at RA= 83h for use in COMPANION mode.

Register Address (RA) (Base + 1)
76543210

LTI TT]

This register is the indirect pointer to direct data transfers
to and from the data registers. It is a read/write register.
Note that this register can only be read if the chip is in
STAND ALONE mode.

Data Low Byte/Word (DLW)
76543210

LLILTTTTT]

Data High Byte (DH) (Base + 3)
76543210

LITTTTTT])

These two addresses are used to accomplish all internal
register reading and writing. Most internal registers are
8-bit or less. These are accessed by first writing the appro-
priate value to the DW, then writing (reading) the data byte
to (from) DLW.

I/0 Mode FIFO data (RA= 0Bh), Algorithm RAM, and
Coefficient RAM are always treated as 16-bit entities, and
can be transferred in two ways:

- asingle operation to/from DLW with SBHE* = 0

- two successive operations, low byte to/from DLW
with SBHE* = 1, then high byte to/from DH.
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Indirect Register Map

1CS2002 n

Indirect Indirect
Address Register Address Register

4E Companion Select Register (write only) 9C Record FIFO Enable/Status
9D Record FIFO IRQ Mode

80 Chip Control 9E reserved

81 Interrupt Enables 9F reserved

82 reserved

83 Interrupt status A0 Digital Master Volume
Al DAC Deglitcher Control

84 Sample Rate Low 8 bits A2 reserved

85 Sample Rate High 4 bits A3 reserved

86 Sample Rate Control/Status

87 reserved A4 ADC Control
AS Analog Volume/Mute

88 Play DMA Control A6 ADC Timing Control

89 Play DMA Burst Count A7 reserved

8A Play DMA Mode

8B DMA IO Mode Data Port

8C FIFO Enable/Status

8D FIFO IRQ Mode

8E reserved

8F reserved

90 Power Enable/Status

91 Power Mode

92 reserved

93 reserved

94 DSP Control/Status

95 DSP RAM Address Latch

96 Code RAM Data Port (8/16 bit)

97 Data RAM Data Port (8/16 bit)

98 Record DMA Control

99 Record DMA Burst Count

9A Record DMA Mode

9B reserved
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Bit 1 - Chip STAND ALONE Mode

This bit sets the chip to operate in STAND ALONE
mode. In STAND ALONE mode, the STATUS and
RA registers are accessible at BASE+ 0 and
BASE+ 1. This mode should be used to speed reg-
ister access when the 1C2002 is being used by itself,
without other ICS chips sharing resources (such as
address decodes, interrupts, DMA channels, bus
buffers, etc.).

When bit 1 is zero, the IC2002 will operate in COM-
PANION mode. In this mode, the STATUS register
is mapped only to indirect address 83h. This is done
to avoid conflict with other ICS chips that willprovide
STATUS and RA read back at the first two base
addresses.

Indirect Register Definitions

All writable bits/registers are also readable. In addition,
there are some read only bits/registers, which are noted
where appropriate.

Reserved bits should be written to zero, and read back
zeroes. Reserved registers should not be written or read.

Except where noted, registers should be accessed as 8 bit
registers via address BASE+ 2.
General Purpose Registers

IR4E Register Access Mode Select
This register must be written to Olh for any other

indirect (or direct) accesses to occur, except for RA
writes, which always occur based on chip select. This
indirect address allows multiple companion chips to
share resources in a system (such as bus buffers,
address decodes, interrupts, and DMA channels).

This register is cleared only by hardware reset, and
in unaffected by MCR (see below).

In addition, STAND ALONE mode configures the
DRQP, DRQR, and IRQ pins to operate as outputs,
with both one and zero levels being actively driven.
When in COMPANION mode, these pins have a
strong source for the high state and a weak sink for
the low state to allow wire-and connections to other
ICS chips.

This bit is reset by hardware reset only, not by MCR.

IR80 Chip Control
Bits 7:3 - reserved

Bit 2 - Sound Source Emulation Mode (SSMODE)
This bit sets the chip to operate in Sound Source
Emulation mode. In Sound Source Emulation
Mode, the two address pins (SA1, SA0) are mapped
to match the PC parallel port as used by the Sound
Source as follows:

Bit 0 - Master Chip Reset (MCR)
0 - Hold chip in reset
1 - Remove reset
This bit is cleared to zero by a hardware reset. Thus,
any functions reset by MCR are also reset by the
RESET pin.

Chip Address Sound Source 1C2002
0 Data DH
1 Status Status
2 Control DL
3 unused RA

To use this mode, the chip must be configured before
the Sound Source compatible application is run (I/O
Mode DMA, DSP loaded and running, SR running,
etc.) Then, the IC2002 is put in SSMODE and RA
(now at address 3) is written to 8Bh. In the PC, the
BIOS pointer to the parallel port is changed to the
base address of the IC2002 chip, and the application
can then be started.

This bit is reset by MCR. Hence, it must be set after
MCR is set, on a second write to this register.
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IR81 Interrupt Enables

Bit 7 - Master Interrupt Enable (MIE)

In the zero state, this bit prevents the IRQ pin from
going active (high) regardless of the state of any of
the individual interrupt sources. It is cleared to zero
by MCR. A zero in this bit does not prevent an
individual interrupt source from being active in the
STATUS register. This allows interrupts to be
masked while allowing their status to be polled.

Bit 6 - reserved
Bit 5 - Sample Rate Interrupt Enable (SRIE)

Bit 4 - FIFO Overflow/Underflow Interrupt
Enable (FOUIE)

Bit 3 - Power-down Mode Change Interrupt
Enable (PMCIE)

Bit 2 - reserved
Bit 1 - Record FIFO Interrupt Enable (RFIE)

Bit 0 - Play FIFO Interrupt Enable (PFIE)

Each of these bits individually enables, one, or dis-
ables, zero, their respective interrupt sources from
being active in the STATUS register. In addition,
there will be no IRQ generated if MIE is one when
an individual enable bit is zero. The state of this bit
does not affect the source of these interrupts in any
way, and they may be polled for activity in the appro-
priate register for each interrupt type. These bits are
all cleared to zero by MCR.

IR83 Status

This register is the same as the direct access status register,
except that it can be read in COMPANION mode.

Sample Rate Generator Registers

IR84 Sample Rate Low 8 bits (SRL)
Bits 7:0 - Sample Rate Bits 7:0

IR85 Sample Rate High 4 bits (SRH)

Bits 3:0 - Sample Rate Bits 11:8
Together, these two registers define the record and
playback sample rate. Based on the crystal fre-
quency FXtal, and a 12 bit value SR (the concatena-
tion of the two registers), the sample rate will be:

Sample Rate = FXtal * SR /524288

These registers are not initialized by any of the reset
mechanisms. Note that the Sample Rate Counter
should always be stopped via SRCS bit 0 when these
two registers are changed.

IR86 Sample Rate Control/Status (SRCS)
Bits 7:2 - reserved

Bit 1 - Sample Rate Interrupt (SRIRQ) - Read Only
This is set by the hardware whenever the sample rate
counter overflows, indicating that a new sample is
being input or generated. This bit is cleared by any
of the following actions:

- Master Chip Reset

- Sample Rate Run = 0 (SRR bit 0)
- a write to STATUS with bit 5= 1
- any write to SRCS

Bit O - Sample Rate Run (SRR)

This bit resets the Sample Rate Counter, the SRIRQ
bit, and shuts down the sampling and playback proc-
esses when written to a zero. When written to a one,
the sample rate generator runs at the programmed
rate. SRR is internally synchronized to the master
clock to provide clean starts and stops of the counter.
MCR clears this bit.
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Play DMA Control and Status Registers

IR88 Play DMA Control (DMACTL)
Bits 7 - reserved

Bit 6 - TC Reset Mask
When set to 1, this bit masks the ' DMA Run’bit reset
upon receipt of TC, terminal count, signal from the
ISA bus. When reset to 0, the 'DMA Run’ bit will be
reset upon receipt of TC.

Bits 5:1 - reserved

Bit 0 - DMA Run
This bit enables the DMA hardware to begin trans-
ferring data when set to one. It is cleared by either
MCR or receipt of a TC when "TC Reset Mask’ is a
zero (see the DMAMODE register for details).

IR89 Play DMA Burst Count (DMABC)
Bits 7:6 - reserved

Bits 5:0 - DMA Burst Count

This value determines the number of DMA transfers
that take place for each DMA request issued to the
host. The actual number of transfers will be
DMABC+ 1. Thus, for single transfer mode, pro-
gram this register to zero. The burst counter is auto-
matically preset to the burst count whenever the
DACKP* input is high. Thus, there is no need to
reprogram the count value after TC, since the next
transfer will use the full programmed count value.
This register has no affect on I/O Mode data trans-
fers, since its only influence is over the DRQP output.
Thisregister is not initialized by any means other than
a direct write, and hence must be written to before
DMA is enabled.

IR8A Play DMA Mode (DMAMODE)
All bits in this register are cleared by MCR.

Bits 7:6 - reserved

Bit 5 - Terminal Count Interrupt (TCIRQ) - (read only)
This bit indicates that a Terminal Count has been
received on the last DM A operation. If the PFIE and
PLAYIRQ bits have been programmed to a one, an
interrupt will be generated at the end of the last
DMA operation. This bit is cleared by MCR or a
write to STATUS with bit 0= one. The reset state is
then removed by either writing the STATUS bit O to
Zero.

Bit 4 - I/0O Mode Transfer (IOXFER)

When this bit is a one, the DM A hardware (DRQP and
TCIRQ) is disabled. Data transfers take place via
IR8Bh, and are required to be treated as 16 bit trans-
fers. Thus, data should be written to DLW (with
SBHE* = low, 16 bit data) or to DLW (with SBHE*
= high, 8 bit data low byte) followed by DH (8 bit data,
high byte). It is also the programmers responsibility to
ensure that DMAMODE bit 2 (DMA16) is set to a one
for all I/O mode transfers.

Bit 3 - Unsigned Data (USIGN)

When set to a one, this bit expects to receive (and will
generate) unsigned data. The native data format is
Signed Binary Twos Complement. This bit will invert
the most significant bit of each data byte (or word,
depending on the state of DATATYPE). Note that
this bit should be zero when the DATATYPE indi-
cates u-law or A- law data formats.

Bit 2 - 16 Bit Data (DMA16)
When set to a one, this bit causes the hardware to
expect data to be sent in 16 bit words. When low, the
hardware expects 8 bit bytes. This bit must be set to
one when performing I/0 mode transfers, as all I/O
transfers are treated as 16 bit values.

Bit 1:0 - Data Type (DATATYPE)
These bits direct the hardware how to interpret the
outgoing data. This is independent of the DMA or
I/0 data width. It effects how data is signed and how
data is packed to and unpacked from the Play FIFO.
The DATATYPE field selects the format of data for

playback.
Value Data Type
00 8 bit linear
01 16 bit linear
10 8 bit U256 Law
11 8 bit A-Law

IR8B DMA I/O Mode Data Port (DMADATA) (8/16 bit)

This register address is used to trap I/0O mode data
to and from the FIFOs. It is only used in I/O mode.
See the description of the IOXFER bits for more
details.

When DMA6 is one, this register MUST be ac-
cessed as a sixteen bit value. Note that this can be
done from either an eight or sixteen bit ISA slot, since
the chip used SBHE* to determine the proper byte
swapping.
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FIFO Control/Status Registers

IR8C FIFO Enable/Status (FES)

Bit 0 - FIFO Enable (FE)
This bit holds the FIFO in a reset state when low, and
enables the FIFO to operate when high. This bit is
reset by MCR. This bit, when low, also resets all
FIFO related conditions (see the following bits) and
prevents DMA start requests from being issued. It
does not reset the FIFO IRQ Mode register.

Bit 1 - FIFO Overflow (read only)
This bit is set when a FIFO shift in command is
generated (byeither DMA, I/O, or the DSP) with the
FIFO full, and indicates an error condition. This bit
will cause the FOUIRQ bit to go active, generating
an IRQ if enabled. This bit is reset by writing to
STATUS with bit4 = 1, and re-enabled by writing to
STATUS with bit 4 = 0. FE low also resets this bit.

Bit 2 - FIFO Underflow (read only)
This bit is set when a FIFO shift out command is
generated (byeither DMA, 1/0O, or the DSP) with the
FIFO empty, and indicates an error condition. This
bit will cause the FOUIRQ bit to go active, generat-
ing an IRQ if enabled. This bit is reset by writing to
STATUS with bit4 = 1, and re-enabled by writing to
STATUS with bit 4 = 0. FE low also resets this bit.

Bit 3 - FIFO 25% Full (read only)
This bit goes high after 4 words (or 8 bytes) have been
loaded into the FIFO, and low again when 13 words
(or 26 bytes) may be loaded into the FIFO. There is
no interrupt associated with this bit directly.

Bit 4 - FIFO 50% Full (read only)
This bit goes high after 8 words (or 16 bytes) have
been loaded into the FIFO, and low again when 9
words (or 18 bytes) may be loaded into the FIFO.
There is no interrupt associated with this bit directly.

Bit 5 - FIFO 75% Full (read only)
This bit goes high after 12 words (or 24 bytes) have
been loaded into the FIFO, and low again when 5
words (or 10 bytes) may be loaded into the FIFO.
There is no interrupt associated with this bit directly.

Bit 6 - FIFO DIR (read only)
This bit goes high when a single word (or two bytes)
may be written to the FIFO. There is no interrupt
associated with this bit directly. Note that this bit
resets to a one because when the FIFO is reset it is
forced to be empty, and hence isreadyto accept data.

Bit 7 - FIFO DOR (read only)
This bit goes high when a single word (or two bytes)
may be read from the FIFO. There is no interrupt
associated with this bit directly.

IR8D FIFO IRQ Mode

This register must never be written to when the FIFO is
enabled. Invalid interrupts and DMA requests could be
generated as a result.

Bits 7:4 - reserved

Bit 3 - FIFO IRQ Enable (FIE)
This bit enables the various FIFO capacity thresholds
to generate interrupts (as PLAYIRQ) when one.
When zero, this bit prevents FIFO capacity IRQ
generation when operating in DMA mode, which
only needs TCIRQ.

Bits 2:0 - FIFO Ready IRQ Mode Selection
This field defines FIFO utilization for both DMA and
I/0 mode data transfers. In I/O mode, it is used to
generate interrupts (FRDYIRQ) when the FIFO ca-
pacity reaches a predefined point. For DMA trans-
fers, it signals the DMA logic to request a transfer at
those same predefined points. By programming the
DMA Burst Count appropriately, the FIFO may be
casily kept near the desired capacity.

The following table describes the selections available:

Bits IRQ/DRQ
2:0 Source

000 |DIR
001 |[EMPTY 75%

Notes
Readyto take 1 word from HOST
Ready to take 13 words from

HOST

010 |[EMPTY 50% |Ready to take 9 words from
HOST

011 |EMPTY 25% |Ready to take 5 words from
HOST

100 |DOR

101 |FULL 25%
110 |[FULL 50%
111 |FULL 75%

Ready to provide 1 word to DSP
Readyto provide 4 words to DSP
Readyto provide 8 words to DSP

Ready to provide 12 words to
DSP

Note that for byte transfers (DMA 16= 0), the numbers listed
above should be doubled.

This must be programmed before the FIFO is enabled. It
maybe changed while the FIFO isenabled, if necessary. This
register is cleared by MCR, but not by FE low.
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IRBE reserved

IR8F Play FIFO Output Data Read Back (8/16 bit)

This register is provided for test use only, although it may
find system level use as a diagnostic tool.

Power Control and Status

IR90 Power Enable/Status (PEST)

Bit 7- PWRIRQ (read only)

This bit is a one when either edge has occurred on
the PWRDN* pin, and the edge enable in the Power
Mode register is set. If bit 3 of the MIE is one, this
will also generate an external interrupt. In any case,
this bit is also visible as STATUS register bit 3.
PWRIRAQ is reset by disabling both edge enable bits
or resetting the edge interrupts (see below).

Bits 6:5 - reserved

Bit 4 - ADCPWR Disable
This bit controls the power state of the ADC analog
circuitry. When 0, ADC analog power is controlled
by the SOFTPWR bit the same as the DAC analog
power is. When this bit is set to a 1, the ADC analog
power is turned off independent of the state of
SOFTPWR.

Thisfeature is included for advanced power manage-
ment routines, as chip power dissipation can be re-
duced byalmost half by turning ADC power off when
not in use. Note, however, that several milliseconds
of settling time is required after power is turned on
before the ADC functions properly.

Bit 3 - PWRDN* Pin Value (read only)
This bit indicates the state of the PWRDN* pin.

Bit 2 - FALLIRQ (read only)
This bit is set when the PWRDN* pin makes a tran-
sition from high to low. If PWRMODE bit 2 (FAL-
LIE) is one, this will cause PWRIRQ to go high as
well. This bit is reset by one of the following:

-MCR

- any write to PEST

- a write to STATUS with bit 3 set to one. This will
hold the bit reset until released by a write to
STATUS with bit 3 cleared to zero.

Note that FALLIE does not mask this bit, allowing
polling to be performed.

Bit 1 - RISEIRQ (read only)
This bit is set when the PWRDN* pin makes a tran-
sition from low to high. If PWRMODE bit 1
(RISEIE) is one, this will cause PWRIRQ to go high
as well. This bit is reset by one of the following:

- MCR

- any write to PEST

- a write to STATUS with bit 3 set to one. This will
hold the bit reset until released by a write to
STATUS with bit 3 cleared to zero.

Note that RISEIE does not mask this bit, allowing
polling to be performed.

Bit 0 - Soft Power (SOFTPWR)
The function of this bit depends on the status of the
"SWMODE" bit (bit 0 of PWRMODE). When
SWMODE is zero, writes to this bit have no affect.
Reads will return the state of the PWRDN* pin,
which is also the state of the on chip PWRON control
signal. When SWMODE is a one, a write of one to
this bit turns on power to the chip analog circuitry,
while a zero clears this bit and puts the chip in a low
power mode. Reads will return the last value written.

IR91 Power Mode (PWRMODE)
All bits in this register are cleared by MCR.

Bits 7:3 - reserved

Bit 2 - Fall IRQ Enable (FALLIE)
When set to one, this bit allows a falling edge on
PWRDN* to cause PWRIRQ to go high. It does not
mask PEST bit 2.

Bit 1 - Rise IRQ Enable (RISEIE)
When set to one, this bit allows a rising edge on
PWRDN* to cause PWRIRQ to go high. It does not
mask PEST bit 1.

Bit 0 - Software Mode (SWMODE)

When cleared to zero, this bit causes the chip to
operate in a "hardware driven" mode; that is, the
PWRDN* pin directly controls the chip analog
power (for low power consumption). In this mode, a
low on PWRDN* puts the chip in low power mode,
while a high enables normal operation. When set to
aone, this bit causes the chip to operate in a "software
driven" mode. In this mode, changes on the
PWRDN* pin only generate interrupts. The hard-
ware low power mode is then controlled (via soft-
ware) by SOFTPWR (bit 0 of PEST). This function
allows "clean" software controlled turn on and off of
the analog circuitry power.

56



1CS2002

IR92 reserved
IR93 reserved

IR94 DSP Control/Status (DSPCS)

Bits 7:4 - Index Counter Value (Read Only)
This value indicates the current contents of the DSP
address Index Counter, and is provided as a code
debug aid for use in Step Mode. In normal operation
it should be ignored. Itisreset to zero when the DSP
is not running, and increments by one at the comple-
tion of each "pass” of the DSP engine.

Bit 3 - DSP Sequence Complete (Read only)
This bit is set each time the DSP completes its se-
quence and restarts. It is reset to zero when the
DSPRUN bit is zero or after a read of this register.

Bit 2 - DSP Output Saturation Detect

This bit is set to one whenever the DSP output value
written to any output destination (DATA RAM,
DAC, or Record FIFO) exceeds a sixteen bit signed
range. In these cases, the DSP output saturates to
$7FFF or $8000 (for positive or negative values)
rather than overflowing. It is reset to zero when the
DSPRUN bit is zero or after a read of this register.

Bit 1 - DSP Step Mode
This bit is intended as a DSP code debug aid only.
When set to a one, this bit halts the DSP microcode
sequencer at the end of each "pass” of code. This
enables the host to read the DATA RAM contents to
check the results of the previous calculations. Note
that writes to the Record FIFO and DAC will be
captured bythe DATA RAM "under"themto aid with
debug efforts. For normal operation, this bit MUST
be set to a zero.

Bit 0 - DSP Run
When written to one, this bit starts the DSP engine
running. A zero stops and resets the DSP engine
execution. This bit is reset by MCR.

Before running the DSP, the Code and Data RAMs must be
loaded. To do this, perform the following:

1) write 95h (DSPRA) to the desired address

2) write 96h (Code Ram data) or 97h (Data RAM data) to
the desired 16 bit value.

repeat 1 and 2 for all RAM locations of both RAMs.
when done, write any data to DSPRA to reset the load
logic.

3)
4)

ICS will provide algorithm and constants data supporting
filtering functions for various sample rates.

Note that when the DSP is running, it is forbidden to read or
write either the Code or Data RAMs (except when halted in
STEP mode, see above). Also, after writing to the Code or
Data RAMs to load them, and before starting the DSP, you
must reset the RAM load hardware by writing to the DSPRA
register (the value written is ignored).

IR95 DSP RAM Address Latch (DSPRA) (write only)
Bit 7 - Read
When one, this bit indicates that the next DSP RAM
operationisaread. Zero indicates a write operation.

Bits 5:0 - DSP RAM Address
These bits are the address for the next DSP RAM
data transfer. Note that the Code RAM address can
be $00 through $3f, and the Data RAM address can
be $00 through $1F.

IR96 Code RAM Data Port (8/16 bit)

Bits B:0 - Code RAM Data
This 8/16 bit port is data to be read from/written to
the DSP Code RAM. The data is the low 12 bits of
the word.

IR97 Data RAM Data Port (8/16 bit)

Bits F:0 - Data RAM Data
This 8/16 bit port is the data to be read from/written
to the DSP Data RAM. The data is a full 16 bit word.

Record DMA Control and Status Registers

IR98 Record DMA Control (DMACTL)
Bits 7 - reserved

Bit 6 - TC Reset Mask
When set to 1, this bit masks the 'DMA Run’ bit reset
upon receipt of TC, terminal count, signal from the
ISA bus. When reset to 0, the 'DMA Run’ bit will be
reset upon receipt of TC.

Bits 5:1 - reserved

Bit 0 - DMA Run
This bit enables the DMA hardware to begin trans-
ferring data when set to one. It is cleared by either
MCR or receipt of a TC when 'TC Reset Mask’ is a
zero (see the DMAMODE register for details).
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IR99 Record DMA Burst Count (RDMABC)
Bits 7:6 - reserved

Bits 5:0 - Record DMA Burst Count

This value determines the number of DMA transfers
that take place for each DMA request issued to the
host. The actual number of transfers will be
RDMABC + 1. Thus, for single transfer mode,
program this register to zero. The burst counter is
automatically preset to the burst count whenever the
DACKR#* input is high. Thus, there is no need to
reprogram the count value after TC, since the next
transfer will use the full programmed count value.
This register has no affect on I/O Mode data trans-
fers, since its only influence is over the DRQR out-
put. Thisregister is not initialized by any means other
than a direct write, and hence must be written to
before DMA is enabled.

IRSA Record DMA Mode (RDMAMODE)
All bits in this register are cleared by MCR.

Bits 7:6 - reserved

Bit 5 - Terminal Count Interrupt (RTCIRQ) (read only)
This bit indicates that a Terminal Count has been
received on the last DMA operation. If the RECIE
bit has been programmed to a one, an interrupt will
be generated at the end of the last DMA operation.
This bitis cleared byMCR or a write to STATU S with
bit 1 = 1. The reset state is then removed by either
writing the STATUS bit O to 0, or by the next DMA
operation. Hence, there is no need to "remove" this
reset as there is for other IRQ reset operations.

Bit 4 - Record I/0 Mode Transfer (RIOXFER)
When this bit is a one, the DMA hardware (DRQR
and RTCIRQ) is disabled. Data transfers take place
via RA $8B (NOT $9B), and are required to be
treated as 16 bit transfers. Thus, data should be read
from DLW (with SBHE* = 0, 16 bit data) or from
DLW (with SBHE* = 1, 8bit data lowbyte) followed
by DH (8 bit data, high byte). It is also the program-
mers responsibility to ensure that RDMAMODE bit
1 (RDMA6) is set to a one for all I/O mode transfers.

Bit 3 - Unsigned Data (RUSIGN)
When set to a one, the record FIFO will generate
unsigned data. The native data format is Signed
Binary Twos Complement. This bit will invert the
most significant bit of each data byte (or word, de-
pending on the state of RDATATYPE).

Bit 2 - 16 Bit DMA (RDMA16)
When set to a one, this bit causes the hardware to
expect data to be sent in 16 bit words. When low, the
hardware expects 8 bit bytes. This bit must be set to
one when performing I/0O mode transfers, as all I/O
transfers are treated as 16 bit entities.

Bits 1:0 - Record Data Type (RDATATYPE)
These bits direct the hardware how to interpret the
incoming data. Note that this is independent of the
DMA or I/O data width. It effects how data is
"signed" and how data is packed to/unpacked from
the Record FIFO.

Value / Data Type
00 | 8 bit linear
01 ( 16 bit linear
10 | reserved
11 [ reserved

IR9B reserved

Record FIFO Control/Status Registers

IR9C Record FIFO Enable/Status (RFES)

Bit 0 - Record FIFO Enable (RFE)

This bit holds the record FIFO in a reset state when
low, and enables the FIFO to operate when high.
This bit is reset by MCR. This bit, when low, also
resets all FIFO related conditions (see the following
bits) and prevents DMA start requests from being
issued. It does not reset the Record FIFO IRQ Mode
register.

Bit 1 - FIFO Overflow (read only)
This bit is set when a FIFO shift in command is
generated (byeither DMA,I/O, or the DSP) with the
FIFO full, and indicates an error condition. This bit
will cause the FOUIRQ bit to go active, generating
an IRQ if enabled. This bit is reset by writing to
STATUS with bit4= 1, and re-enabled by writing to
STATUS with bit 4 = 0. FE low also resets this bit.

Bit 2 - FIFO Underflow (read only)
This bit is set when a FIFO shift out command is
generated (byeither DMA, I/O, or the DSP) with the
FIFO empty, and indicates an error condition. This
bit will cause the FOUIRQ bit to go active, generat-
ing an IRQ if enabled. This bit is reset by writing to
STATUS with bit4 = 1, and re-enabled by writing to
STATUS with bit 4= 0. FE low also resets this bit.
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Bit 3 - FIFO 25% Full (read only)
This bit goes high after 4 words (or 8 bytes) have been
loaded into the FIFO, and low again when 5 words
(or 10 bytes) may be loaded into the FIFO. There is
no interrupt associated with this bit directly.

Bit 4 - FIFO 50% Full (read only)
This bit goes high after 8 words (or 16 bytes) have
been loaded into the FIFO, and low again when 9
words (or 18 bytes) may be loaded into the FIFO.
There is no interrupt associated with this bit directly.

Bit 5 - FIFO 75% Full (read only)
This bit goes high after 12 words (or 24 bytes) have
been loaded into the FIFO, and low again when 13
words (or 26 bytes) may be loaded into the FIFO.
There is no interrupt associated with this bit directly.

Bit 6 - FIFO DIR (read only)
This bit goes high when a single word (or two bytes)
may be written to the FIFO. There is no interrupt
associated with this bit directly. Note that this bit
resets to a one because when the FIFO is reset it is
forced to be "empty", and hence is readyto accept data.

Bit 7 - FIFO DOR (read only)
This bit goes high when a single word (or two bytes)
may be read from the FIFO. There is no interrupt
associated with this bit directly.

IR9D Record FIFO IRQ Mode
Bits 7:4 - reserved

Bit 3 - FIFO IRQ Enable (RFIE)
This bit enables the various FIFO capacity thresholds
to generate interrupts (as RECIRQ) when one.
When zero, this bit prevents FIFO capacity IRQ
generation when operating in DMA mode, which
only needs RTCIRQ.

Bits 2:0 - FIFO Ready IRQ Mode Selection

This register defines FIFO utilization for both DMA
and I/O mode data transfers. In I/O mode, it is used
to generate interrupts (RECIRQ) when the FIFO
capacity reaches a predefined point. For DMA
transfers, it signals the DMA logic to request a trans-
fer at those same predefined points. By program-
ming the Record DMA Burst Count appropriately,
the FIFO may be easily kept near the desired capac-
ity.

1CS2002 n

The following table describes the selections available:

Bits

2:0 Source Notes

000 DIR Ready to take 1 word from DSP

001 |EMPTY 75% |Readyto take 13 words from DSP

010 |EMPTY 50% |Ready to take 9 words from DSP

011 |EMPTY 25% |Ready to take 5 words from DSP

100 DOR Readyto provide 1 word to HOST

101 FULL 25% |Ready to provide 4 words to
HOST

110 FULL 50% |Ready to provide 8 words to
HOST

111 | FULL75% |Readyto provide 12 words

Note that for byte transfers (RDMA16= 0), the numbers
listed above should be doubled.

This must be programmed before the FIFO is enabled. It
may be changed while the FIFO isenabled if necessary. This
register is cleared by MCR, but not by RFE low.

IR9E reserved
IR9F reserved

Miscellaneous Registers

IRAO Digital Master Volume

Bits 7:0 - Volume
This value is used to scale all values that are output
from the DSP to the DAC. It may be written while
the DSP is running.

The value written is interpreted as to give a log scale
output response of 0.1875dB per step. The value for
nominal (0dB attenuation) is EOh. A value of FFh
gives 5.8125dB of gain. Note that any value above
EOh mayresult in digital saturation of the internal 16
bit data value.
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IRA1 DAC Deglitcher Control
Bits 7:3 - Volume bits 7:3 (read only)

Bit 2 - DAC Enable Bit (read only, for test)
Bits 1:0 - DAC Deglitch Width

Code Notes
00 Deglitcher disabled
01 Minimum deglitch width
10 Nominal deglitch width
11 Maximum deglitch width

This value is determined by the clock rate at which
the chip isrun. ICS will provide the proper value for
an application. This register is also used for test
purposes.

This register is not initialized in any way and should
be programmed before muting is removed.

IRA2 reserved
IRA3 reserved

ADC and Analog Control Registers

IRA4 ADC Control
Bits 7:3 - reserved

Bit 2 - ADC Test Mode
This bit is for factorytesting use only, and must always
be programmed to zero by an application. It isreset
to zero by a zero in ADCRUN, and hence takes two
writes of $05 to this register to activate for safety.

Bit 1 - reserved

Bit 0- ADC Run

When written to a one, this bit enables the ADC
hardware to run. Note that the ADC Timing Control
register should be programmed appropriately first.
Also note that the DSP must be running (and pro-
grammed properly) for the conversion results to be
retrieved. The Sample Rate Generator determines
the rate at which the conversion data is loaded into
the Record FIFO.

This bit is cleared to zero by MCR.

Note that this bit, when 0, shuts down the successive
approximation logic, the dynamic comparators and
various logic functions. When the ADC is not being
used, disabling it via this bit reduces background
noise in the playback section and power consump-
tion, and thus is recommended.

IRA5 Analog Volume/Mute
Bits 7:5 - reserved

Bits 4:1 - Analog Volume
These bits set the analog output level, in 1.5dB steps.
All bits one gives 0dB attenuation of the DAC output
signal, and all bits zero gives full attenuation. These
bits are unaffected by any reset mechanism.

Bit 0 - Audio Enable
This bit disconnects the audio output of the output
buffer amp and sets the BUFOUT pin to the nominal
bias voltage when cleared to zero. When set to one,
it passes the output of the output buffer amp to the
BUFOUT pin.

The main function of this bit is to prevent sudden DC
offset changes on the BUFOUT pin when entering
and leaving power-down mode. By proper software
procedure, noiseless transitions can be made.

This bit is cleared to zero by MCR.

IRA6 ADC Timing Control

This register is used to control the ADC internal
operation timing.

Bits 7:4 - Comparator Timing Control
These bits control the time of comparator input
switching. Bits 7:5 are the count, and bit 4 is O for half
cycle and 1 full cycle delays.

Bits 3:1 - Cycle Timing Control
These bits control the number of clocks used for each
step of the successive approximation process. For
the full 64 step DSP cycle, the value of these bits
should be 7. For a 40 step cycle, the value should be 4.

Bit O - reserved

IRA7 reserved




Integrated
Circuit
Systems, Inc.

1ICS2008

SMPTE Time Code Receiver/Generator

General Description

The ICS2008, SMPTE Time Code Receiver/Generator
chip, is a VLSI device designed in a low power CMOS
process. This device provides the timing coordination for
Multimedia sight and sound events. Although it is aimed at
a PC Multimedia environment, the ICS2008 is easily inte-
grated into products requiring SMPTE time code genera-
tion and/or reception in LTC (Longitudinal Time Code)
and/or VITC (Vertical Interval Time Code) formats and
MTC (MIDI Time Code) translation.

Taking its input from composite video, S-Video, or an audio
track, the ICS2008 can read SMPTE time code in VITC and
LTC formats. Time code output formats are LTC and
VITC. All are available simultaneously. A UART is pro-
vided for the user to support MTC or tape transport control.

The processor interface is compatible with the IBM PC and

ISA bus compatible computers and is easily interfaced to
other processors.

Block Diagram

— VIDEO IN1
VIDEO [~ VIDEO IN2
RAM | VIDEO OUT
& — vitc out
REGISTERS SMPTE [— LTCIN
— LTC ouT
CLICK SYNC TACH IN
PC | PROCESSOR
BUS INTERFACE MIDI

Features

e Internal and external sync sources

- Genlock to video or house sync inputs
- internally generated timing from oscillator input
- external click input

LTC and VITC Generators

- Real Time SMPTE Rates
e 30 Hz (B&W, some audio)
e 2997 Hz (NTSC)
e 25Hz (PAL)

24 Hz (film)

Time Code Modes
e Drop Frame
e Color Frame

VITC can be inserted on two lines from 10-40
(SMPTE specifies lines 10-20)

Update all data (time code, user data, and flag bits)
on a frame-by-frame basis. This allows for

"Jam Sync," "freewheeling," error bypass/correction,
plus-one-frame, and other intelligent generator
functions.

LTC Receiver

Meets SMPTE and EBU LTC specifications includ-
ing drop frame, color frame, time data, user data
and status bits.

Synchronize bit rates from 1/30"" nominal to 80X
nominal playback speed.

VITC reader
- Reads code from any or all selected scan lines.

- Meets SMPTE VITC specifications including drop
frame, color frame, time data, user data and status
bits

Time Code Burn-in Window selectable to overlay
video with programmable screen position
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Package Pinout

22x¥h
CO5TlEN0Lem
JOouLoeZon0caoo
nonononnononnn
6 5 4 3 2 O 4443424140
LTCOUT O~ 1 390 D2
LFC Os 380 D1
XTAL2 O 9 370 D@
XTAL1 e 36 IOWx
AVDD O11 350 VDD
AVSS 12 340 VSS
COUT O3 330 |IOR*
YOUT O14 320 UARTSC+*
C21s 310 SMPTECS=*
Y2 O4s 30 Al
C1 0O 290 AQ
18 19 20 21 22 23 24 25 26 27 28
DUooOoooooood
TITIIOXOXANXuE
>BBBELrL3E3
reoe xS O
IITT 42:
ho6 S~

Ordering Information:
AILICS devices in PLCC packages carry a "V" designation.

Example: ICS2008V
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Pin Description

PIN TYPE
Y1, Y2 Al
C1,C Al
DTHRESH Al
STHRESH Al
CTHRESH Al
YOUT AO
CouT AO
FRAME Al
CLICK Al
LTCIN+ Al
LTCIN- Al
LTCOUT AO
LRCLK (6]
VITC O
VITCGATE (6]
TxD O
RxD I
CTS* I
RTS* 0]
XTAL1 I
XTAL2 O
LFC Al
A1-A0 1
IOR* I
IoOwW* I
SMPTEC* I
UARTCS* I
RESET I
D7-DO 1/0
INTR (o}
AVDD P
AGND P
VDD P
GND P

A - Analog I-Input
P - Power O - Output

DESCRIPTION

Video inputs from camera or other NTSC source. NOTE: This is also the Y (Luma)
input for S-VHS and HI-8 systems.

C (Chroma) inputs for S-VHS and HI-8 systems. In NTSC systems, this pin should be
tied to its respective Y input.

Data Threshold bypass input.
SYNC Threshold bypass input.
Clamp Threshold bypass input.

NTSC video output. This is also the Y (Luma) output in S-Video mode.
C (Chroma) output for S-VHS and HI-8 systems.

Color Frame A/B input. This input is self biased. (See Applications section.)
LTC SYNC input. This input is self biased. (See Applications section.)
SMPTE LTC input+ . This input is self biased. (See Applications section.)
SMPTE LTC input-. This input is self biased. (See Applications section.)
SMPTE LTC output.

SMPTE LTC receive clock output.

SMPTE VITC output to video mixer circuit.
VITC gate indicates VITC code is being output for video overlay.

UART Transmit Data.
UART Receive Data.
Clear to Send.

Ready to Send.

14.318 MHz crystal input. This pin may be driven directly from a TTL 14.318 MHz source.

14.318 MHz crystal scillator output.
External RC circuit.

Address bus

Read Enable (active low)

Write Enable (active low)

SMPTE port chip select (active low)
UART chip select (active low)
Master reset (active high)
Bi-directional data bus

Interrupt Request (active high)

Analog VDD
Analog Ground
Digital Vpbp
Digital Ground
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Functional Description

The following is a functional description of the hardware
registers in the ICS2008 chip. It also describes how those
registers can be utilized by the software to facilitate specific
application services.

Hardware Environments

The ICS2008 operates as a peripheral to a processor such
as a PC or a single chip microprocessor. Many of the real
time requirements are satisfied by double buffering both
incoming and outgoing time codes.

LTC Input

LTCIN is a differential analog input feeding a comparator
with hysteresis. It requires capacitive coupling to the LTC
source. The output of the comparator goes to the LTC
receiver, which is capable of receiving LTC in a forward or
backward direction at a rate from 1/30" to 80x nominal
frame rates. The incoming LTC data is sampled with a
phase-locked clock and loaded into the receive buffer fol-
lowing the receipt of a valid LTC SYNC pattern. When a
complete frame has beenreceived, an interrupt is generated.

LTC Output
The LTC output can be analog or digital. When set up as an
analog output, it can drive a high impedance load.

The LTC generator outputs a LTC frame at the selected
frame rate, such as 24Hz, 25Hz, 29.97Hz or 30Hz, and starts
the frame based on a start time generated by the selected
LTC SYNC source.

Video Inputs

There are two sets of video inputs. In a composite NTSC or
PAL system, the Y input is the only one used. It is capaci-
tively coupled to the source. In S-Video systems, capaci-
tively couple Y and C to their respective sources. Proper
termination of the source should be observed. One of the
two video sources is selected by the VIDSEL bit in the
SMPTE control registers as the video SYNC source. Inter-
nal timers are synchronized with the incoming video to
extract timing information used to receive and generate
VITC.

The VITC receiver samples the incoming video looking for
avalid VITC code on selected scan lines. When a valid code
isreceived it is written to a VITC receive buffer. More than
one line can contain VITC code, and the codes can be
different. For this reason, VITC codes from selected lines
of a frame are written to separate VITC buffers.

Video Output

The video output combines the selected video input with the
outputs from the VITC generator and the character gener-
ator. It can be a composite or an S-Video output as selected
by the SVID bit in the SMPTE control registers.

VITC code is generated from data in the VITC generator
buffer and output during the selected line time(s). The CRC
and synchronizing bits are automatically generated by the
VITC generator, but all of the data fields are sent directly
from the buffer with no modification.

A character generator is provided to insert the time code in
a burn-in window which overlays the incoming video. The
vertical and horizontal position of the burn-in window is
programmable.

MIDI Port

A UART is provided for a MIDI port. It can function as a
MIDIIN and a MIDI OUT. It can generate an interrupt on
receiver full and/or transmitter empty to the processor via
the INTR pin. CTS and RTS modem controls are provided
so that it can be used as a generic serial control port.

SMPTE SYNC Sources

A time code generator must have a SYNC input from a
stable source in order to position the LTC code properly on
a audio track of video tape or film. Three SYNC sources,
video, click input, and free running, are available. In the
case of a video tape, LTC code must start within plus or
minus one line of the beginning of line 5. This requires
"Genlocking" to the incoming video. The video timing sec-
tion locks to the video’s horizontal and vertical SYNC signal
and generates a SMPTE SYNC. If some external SYNC
source is available it can be input on the CLICK input.
Otherwise, a free running SMPTE SYNC is generated from
the oscillator at the selected frame rate.

Video Timing Generator

The video timing generator is "Genlocked" to the video
input’s SYNC separator. It extracts NTSC or PAL timing
information from the video input and generates line and
pixel rate timing for the VITC receiver, VITC generator,
LTC generator and character generator. If no video input
is present, it generates free running timing.
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Overlay Character Generator

It is sometimes desireable to display the time code on a video
display along with the picture. A character generator is
provided for that purpose. The time code display, or burn-
in window, can be positioned anywhere on the screen.

INTR Output

The INTR output pin is the interrupt source from ICS2008
to the processor. Each interrupt source has its own inter-
rupt enable and interrupt status.

Processor Interface

The ICS2008 supports standard microprocessor interfaces
and busses, such as the PC bus, to allow access of six
control/status and data registers. These six registers are
organized into two groups, one set of four for SMPTE
control and the other set of two for direct UART port
control. Each set of registers is selected with its own chip
select, SMPTECS* and UARTCS*.

SMPTE Registers

The SMPTE register set allows access to 59 available regis-
ters. The first two are direct access registers addressed at
locations 0 and 1. The remaining 64 registers are accessed
by writing an indirect register address into location 2 and
reading from or writing to location 3. If the AUTOINC bit
in SMPTE?2 is set to 1, the indirect register address is
automatically incremented after an access to location 3.
This eases the task of reading or writing sequential indirect
locations.

SMPTECS* | A1 | AO REGISTER

0 0 0 |SMPTEO Interrupt
Control/Status

0 0 1 |[SMPTE1 SMPTE Status

0 1 0 |SMPTE2 Indirect Register
Address

0 1 1 |SMPTES3 Indirect Register
Data

The SMPTEOQ Register contains the SMPTE interrupt con-
trols and status and the VITC read status. The three inter-
rupt bits, LRI, LXI, VLI and TMI reflect the status of the
potential interrupt sources to the processor. When a bit is
set to one and the corresponding enable bit, LRIEN,
LXIEN or VLIEN, is also set, the INTR output will be
activated. Interrupts are cleared by reading SMPTEO. Bits
6 and 7 indicate a VITC read error. Further clarification of
the error can be accomplished by reading the VITC Read
Line registers, IR30 and IR31.

SM PTEO

Interrugt Control/Status
LRI (LTC RCV Interrupt)
LX! (LTC XMT Interrupt)

VLI (Video Line Interrupt)
LRIEN (1-enable, 0-disable)
LXIEN (1-enable, 0-disable)
VLIEN (1-enable, O-disable)
reserved

reserved

LRI - This bit indicates that a LTC receive interrupt has
occurred. In order for an actual processor interrupt to
occur, the LRIEN bit must also be set. An LRI interrupt
occurs upon reception of the last byte of LTC receive data
which was preceded by a valid LTC SYNC pattern. That is
after the 64" LTC receive bit time in the forward direction.
At normal frame rates, if the LTC transmitter is synchro-
nized with the LTC receiver, there is about 3 milliseconds
after this interrupt before the LTC transmit data for the next
output frame is transferred to the output buffer.

LXI - This bit indicates that a LTC transmit interrupt has
occurred. When this bit is set, and the corresponding
LXIEN bit has been set, the INTR output will be activated.
The LTC transmit interrupt is activated after the transfer of
LTC transmit data to the output buffer, This occurs after
LTXEN is set to one and after the 72" LTC transmits bit
time of the current frame, "N." Data loaded after this inter-
rupt will appear in output frame "N+ 2"since the transmitter
is double buffered.

VLI - This is a status bit that indicates that the video line
selected via the Video Interrupt Line Register, VR9, has
passed. When the VLIEN bit is also set, the processor will
be interrupted. This interrupt can be used by the processor
to determine when to sample the VITC time code when time
locked to a video source. It will also be used to facilitate
detection of LTC time code dropout and off speed LTC
code, e.g. shuttling operations.
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The SMPTE Status Register is a read only register which
contains video and LTC status.

SMPTE1

SMPTE Status Register

FRAMEIN (input = 1-high, O-low)
CLICK (input = 1-high, O-low)
LTCLOCK (1-locked, 0-not locked)
CODEDIR (1-bkwd, 0-fwd)
reserved

VLOCK (1-locked, 0-not locked)
FIELD

FRAME (PAL only)

765 4321

Ll LI

L

0
|

FRAMEIN - This bit indicates the state of the FRAME
input pin. It is used as an alternate source for B/A frame
status. This is useful when the quality of the video signal is
not good enough to extract the B/A frame status.

CLICK - This bit indicates the state of the CLICK input pin.
It can be used as a synchronization source for the LTC
transmitter.

LTCLOCK - When a valid forward or backward LTC sync
pattern is detected, this bit is set to one. It is reset to zero
when an expected LTC sync pattern is missed or an invalid
LTC bit is detected.

CODEDIR - The code direction bit works in conjunction
with the LTCLOCK bit. When the LTCLOCK bit is set to
one, the CODEDIR bit is valid. Otherwise, it is not. See the
table below.

LTCLOCK CODEDIR| LTC RECEIVER STATUS

0 X Looking for SYNC pattern
1 0 receiving LTC (FORWARD)
1 1 receiving LTC (BACKWARD)

VLOCK - This is a hardware driven bit which indicates that
genlock has been achieved with the selected video SYNC
source.

FRAME & FIELD - The hardware SYNC separator detects
the field and frame from the selected video input. The
even/odd fields are identified by a 1/0 in bit 6. Bit 7,
FRAME, is valid for PAL video after line 6. Bit 6, FIELD,
is valid after line 5 in NTSC mode or line 2 in PAL mode.

The SMPTE2 register is the register which points to the 57
indirect registers. When reading or writing an indirect reg-
ister, the value in the ADDRESS pointer, SMPTE2 bits 5 to
0, is the address of the register accessed through SMPTE3.
If the AUTOINC bit is set to one, at the end of an access
cycle to SMPTE3, ADDRESS will automatically increment.
Otherwise, ADDRESS holds its value.

76543210 SMPTE2
H | 1 ‘ ‘ [ | | || Indirect Address Register

=

SMPTE3 is the data register through which all of the indirect
registers are accessed. The address for a given register must
first be set in SMPTE?2 before accessing that register.

ADDRESS
reserved
AUTOINC (1-increment, 0-hold)

765 43210 SMPTE3
“ | | ‘ ‘ k | | || Indirect Address Register
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Indirect Registers

The following describes the functions controlled by the
indirect registers. A map of the indirect registers follows
this section.

LTC Read Registers IR0-IR7 (read-only)

These read only registers contain the LTC data as received.
Both forward and backward frames are stored with LTC bit
0in the LSB of IR0 and LTC bit 63 in the MSB of IR7.

LTC Write Registers IR8-IRf

These registers contain the data to be sent by the LTC
transmitter. The LSB of IR8 is sent as LTC bit 0, and the
MSB of IRfis sent as LTC bit 63. The data is transmitted as
it is stored in IR 8-IRf.

VITC Read 1 Registers IR10-IR17 (read-only)

These read onlyregisters contain the VITC data as received
from the video line selected in IR30. The frame is stored
with VITC bit 2 in the LSB of IR10 and VITC bit 80 in the
MSB of IR17. Note that a binary 10 sync pattern precedes
everyeight data bits of the VITC frame. The 10 sync pattern
is not stored. The CRC is checked by the VITC receiver,
and the result is reported in IR 30.

VITC Read 2 Registers IR18-IR1f (read-only)

As with the VITC Read 1 registers, these read onlyregisters
contain the VITC data as received from the video line
selected in IR31. The frame is stored with VITC bit 2 in the
LSB of IR 18 and VITC bit 80 in the MSB of IR 1f. The result
of the CRC check is reported in IR31.

VITC Write Registers IR20-IR27

These registers contain the data to be output by the VITC
generator. The VITC frame is output with the LSB if IR20
in VITC bit 2 and the MSB of IR27 in VITC bit 80. Note
that the binary 10 sync pattern which precedes every eight
data bits of the VITC frame is automatically generated by
the VITC generator. The CRC is also automatically gener-
ated by the VITC generator.

The next two registers control the position of the SMPTE
video display, burn-in, window within the video raster. The
window size is about one third the width of the screen and
32 lines high. IR28 selects the video column in which the
burn-in window starts.

765 43210 IR28
|| ’ l 1 [ ’ JL” Burn-in Window Column

N S— NI

n

IR29 selects the video line which starts the SMPTE video
display window in the video output. When this register is set
to 0, there will be no Burn-In Window displayed in the video
output.

76543210 IR29
II | I l ‘ \ | | “ Burn-in Window Line

[ S— Line (00 - disable)

These registers contain the character codes used for the
SMPTE time code in the burn-in window which overlays the
source in the video output. Aninternal character generator
converts the BCD nibbles to display characters.

7 65 4 32 1 0 IR2a(Frame),
IR2b (Seconds),

" l | l l l | '—l IR2¢ meutes),

t—7p— L—1— IR2d (Hours)

Tens Ones Burn-in Window Registers
CODE | CHARACTER | CODE | CHARACTER
0 0 8 8
1 1 9 9
2 2 A Do Not Use
3 3 B ?
4 4 C o
5 5 D g
6 6 E |
7 7 F Blank

VITC code is normally output on two separate video lines
in each field for redundancy. These two registers allow the
individual line selection and output enables for the two
VITC lines.

765 4321 IR2e
[T [T ][] ]wmowietnes

=

76543210 IRA
TTTTTTT7T ]vmowteLne2

=

Write Line - Selects the video line on which the VITC code
will be output. The video line on which the code is output
will be the number in this register plus 10; e.g. writing a 1 to
this register will cause the code to be output on line 11.

Write Line # 10-40 (N+ 10)
reserved
VITC Wnite Enable (1-enable)

Write Line # 10-40 (N+ 10)
reserved
VITC Write Enable (1-enable)

VITC Write Enable - Enables the output of VITC code on
the specified line.
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765 43210 IR0
" | l l ‘ | \ ‘ H VITC Read Line 1

T Read Line 1040 (N+ 10)
CRCERR (1-error, 0-OK) (r/0)

NOCODE (1-no code, 0-code) (r/o)
VITC Read Enable (1-enable)

765 43210 IR3
LL LTI T[] wrcnreadine2

Read Line 10-40 (N+ 10)
CRCERR (1-error, 0-OK) (r/0)
NOCODE (1-no code, 0-code) (r/o)
VITC Read Enable (1-enable)

I

As with the VITC Write Line Register, these registers allow
control of the individual redundant VITC read lines. The
processor can also reprogram these dynamicallyto allow for
scanning of VITC code when the source lines are unknown.

Read Line - Selects the line from which VITC code is to be
read within each field. It works identically to the Write Line
in that the video line selected is the number in this register
plus 10.

CRCERR - This bit is reset to zero when a valid VITC code
has been received. It is valid from the end of the selected
video line until the end of the selected line in the next field.

NOCODE - This bit is set when a framing error occurs in
the VITC code, i.e. not all the bits of the code were received
bythe time the end of the video line occurred. Both CRCOK
and NOCODE must be zero to qualify a VITC code.

7 65 432 1 0 [R32Video Control Register

LTI T T

L_‘: GENLOCK ENABLE (1-lock, O-freewheel)
VTRES - Video Timing Reset (1-reset)

VSYNCEL - Video SYNC Source Select

VITCSEL - VITC Source Select

VOUTSEL - Video Output Select

VID1_S - Video 1 S-video Select

VID2_S - Video 2 S-Video Select

PAL/NTSC (1-PAL, 0-NTSC)

[

GENLOCK ENABLE - When set, this bit enables the
genlock circuits to sync to the selected video input signal.
When reset to 0, the video sync will "freewheel," generating
video timing from the internal oscillator. The freewheel
mode would be selected when striping LTC to allow syn-
chronization with a MIDI sequencer or other strictly timed
audio source.

VTRES - When set, this bit clears the video timing counters
to dot zero of line 1 of field 1. This is useful when the video
is free running, not genlocked and LTC sync needs to be
synchronized to an event such as the CLICK input.

VSYNCSEL - When set to 1, this bit selects the video input
source from Video 2 (Y2) to be the SYNC source for the
internal video timing. Otherwise, when reset to 0, Video 1
(Y1) is selected.

VITCSEL - When set to 1, this bit selects the video input
source from Video 2 (Y2) to be the VITC time code source
for the VITC receiver. Otherwise, when reset to 0, Video 1
(Y1) is selected.

VOUTSEL - When set to 1, this bit selects the video input
source from Video 2 (Y2, C2) to be output on the video
outputs (YOUT, COUT). Whenreset to 0 Video 1 (Y1,C1)
are selected.

VIDI1_S - When set to 1, this bit causes the Video 1 source
to be treated as S-Video. Otherwise, when cleared to 0, the
Video 1 source is treated as composite video.

VID2_S - When set to 1, this bit causes the video 2 source
to be treated as S-Video. Otherwise, when cleared to 0, the
Video 2 source is treated as composite video.

PAL/NTSC - When set to 1, this bit causes the video to be
synchronized with PAL timing. Otherwise, when cleared to
0, video is synchronized with NTSC timing.

Video Interrupt Line - This register selects the video line
after which the Video Line Interrupt will occur. The actual
video line number is the number in the register plus one.

765 43210 IR33
L1 L LT T 1 1] vdeointerrupt Line Register

I L—:l— Video Interrupt Line (1 to 64)
reserved
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765483210 IR34
|| | ‘ | | | | | ” LTC Control Register 1

| =

reserved (set to zero)
LXCLKSEL - (0-internal clock)
(1-LTC receive clock)
LTXEN - LTC Transmit Enable
LTC SYNC (00-video, 01-CLICK)
(10-LTC RCV, 11-Software)
LTCOUTSEL (1-digital, 0-analog)

LXCLKSEL - This bit controls the source for the LTC
transmit clock divider input. A O selects the internal
14.318MHz clock and a 1 selects the LTC receive clock.
When the LTC receive clock is selected as the source to the
LTC transmit clock divider, the clock rate is first doubled
before being input to the divider so that loading a divider
value of 001 will result in the LTC transmit clock running at
the exact same rate as the LTC receive clock.

LTXEN - This bit, when set to 1, enables output of LTC code
on the LTCOUT output pin. LTXEN is synchronized with
the selected LTC SYNC source to ensure that onlycomplete
LTC frames are transmitted. The data to be sent by the LTC
transmitter should be loaded into the associated RAM buff-
er before the LTCEN bit is set.

LTC SYNC - These bits select the LTC transmit sync source.
Values 00, 01, 10 and 11 select start of video line 5, rising
edge of CLICK, LTC receive sync pattern detect and write
to IR3frespectively as the sync event. Care should be taken
to disable LTXEN before changing the LTC SYNC select.
Otherwise, an erroneous sync may be generated.

76543210 IR3
" ‘ | [ | | | J " LTC Control Register 2

[
. — LTCGAIN - LTC Output Gain
0. off 4 -24dB & -12dB C' 0dB
1 5. -21dB 9 -9dB D: 3dB
2 6: -18dB A. -6dB E' 6dB
3, 7 -15dB B -3dB F 9dB
reserved

LTCOUTSEL - This bit, when set to 1, causes the LTCOUT
pin to be a digital output. When cleared to 0, the LTCOUT
pin is an analog output with gain control.

LTCGAIN - This bit sets the signal gain on the LTC audio
output. The output gain is selectable in 3dB increments
from -24dB to + 9dB referenced to OVU = -10dbV. When
this register is set to 0, there is no LTC audio output.

These next two write onlyregisters control the LTC transmit
bit rate. The transmit clock generator is a 12-bit divider.
The upper four bits of IR37 are not used. Each bit requires
two clocks. Therefore, the LTC transmit bit rate is the input
clock divided by the divider value + 1, then divided by two.
Since there are 80 bit times for each LTC frame, the LTC
frame rate is the bit rate divided by 80.

LTC Tx Clock = Clock/(Divider Value + 1)
LTC Bit Rate = LTC Tx Clock/2
LTC Frame Rate = LTC Bit Rate/80

7 65 4321 0 IR36[lowbyte]

IR37 [high byt
f[ 1 ITJ |—|_[ " LTClBltlgI'ImZa/o)

IR3f is not a register at all. It is simply an address which,
when written and the LTC SYNC select is set for Soft SYNC,
generates LTC SYNC for the LTC transmitter.

765 4321

LLT 1]

0 IR3f

| " LTC Soft SYNC (w/o, no data)
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Indirect Register Map

7 6 I 5 J 4 2 } 1 ] o
LTc 00 BINARY GROUP 1 FRAME UNITS
Read 01 BINARY GROUP 2 COLR FRAME | DROP FRAME | FRAMES TENS
02 BINARY GROUP 3 SECONDS UNITS
03 BINARY GROUP 4 PHASE CORR | SECONDS TENS
04 BINARY GROUP 5 MINUTES UNITS
05 BINARY GROUP 6 BG FLAG 55 | MINUTES TENS
06 BINARY GROUP 7 HOURS UNITS
07 BINARY GROUP 8 BG FLAG 75 |UNASSIGNED| HOURS TENS
e o8 | | [ f |
Write ... SAME BIT DEFINITION AS LTC READ BUFFER
oF | \ | H
vitc 10 BINARY GROUP 1 FRAME UNITS
READ1 11 BINARY GROUP 2 COLR FRAME | DROP FRAME | FRAMES TENS
12 BINARY GROUP 3 SECONDS UNITS
13 BINARY GROUP 4 FIELD MARK | SECONDS TENS
14 BINARY GROUP 5 MINUTES UNITS
15 BINARY GROUP 6 BG FLAG 55 | MINUTES TENS
16 BINARY GROUP 7 HOURS UNITS
17 BINARY GROUP 8 BG FLAG 75 |UNASSIGNED | HOURS TENS
viTc 18 l [ [ | \
Read2 ... SAME BIT DEFINITION AS VITC READ1 BUFFER
1 | | 1 I
vITc 20 \ \ \ [ |
Write ... SAME BIT DEFINITION AS VITC READ1 BUFFER
27 | | | |
T S BURN-IN WINDOW COLUMN - - - - - - == < s s m s s m e mea
- T e BURN-IN WINDOW LINE <= - - - - o= - s oo mem o mec oo
A [ m e FRAMES ~  ---oecomeooomooooomcomiaas
2B e SECONDS - -see-osammscmmcciiaamiaaas
o MINUTES =~ =ecossemcmcmeccmcoaomecaacomaaas
2D <o HOURS ~ =ecomreecommcomeaaconneaaonaaas
2E | VITCIWE ’ 0 } [ Y P VITCWRITELINET ~ wecceaceea-
2F | viTc2wE 0 [ PETTT . VITCWRITELINE2 weceeooeaa-
30 | VITCIRE | NOCODE1 | CRCERR1 |--------u-- VITCWRITELINE1 ~ ceoo-eea--
31| VITC2RE | NOCODE2 | CRCERR2 |----------- VITCREADLINE2 ~ ---ceeooee-
32 PAL VID2_S VID1 S | VOUTSEL | VITCSEL | VSYNCSEL | VTRES | GEN_EN
33 0 0 | seememmeecceeeacceeeas VIDEO LINE INTERRUPT (LINE#) = <=« === s zaav
34 | LTCOUTSEL ' ----LTCSYNCSEL - - - - LTXEN | LXCLKSEL | 0 | 0 \ 0
35 0 0 | T N TR LTC GAIN - - - - eemnnnnas
36 | cememememeeeeeeeeenoaes FRAME RATE (low byte, write only) - == === -=ccecmecceccncnaancnannn
37 0 i 0 { 0 0 | ----- FRAME RATE (high byte, write only) - - - - - - -
38 reserved
39 reserved
3A reserved
3B reserved
3C reserved
3D reserved
3E reserved
3F| - - - - - - - - - - - - - - SOFT LTC SYNC (write only, nodata) - - - - - - = =« = = = - =« - - -
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UART Registers

The UART emulates a 6850. Since the UART is tailored to
MIDI applications, some of the generic 6850 functions have
been omitted. The registers described below reflect that.

The two UART registers, Command/Status and Data, are
accessible to the processor as shown in the following map.

UARTCS* | A1 | AO REGISTER
0 X 0 |UART Command/Status
Register
0 X 1 |UART Data Register
UART Command/Status Register
7654321 0 yYARTO (wrte)
“ | [T I | | | " UART Command Register

[ I—
LT—I Bit Rate (00 - 9600, 01 - reserved)
(10 - 31 25K, 11 - Reset)

reserved

TCH1, TCO - Transmit Control
00 - RTS* - low, Tx IRQ disabled
01 - RTS* - low, Tx IRQ enabled
10 - RTS* - high, Tx IRQ disabled
11 - RTS* - low, Transmit BREAK,

Tx IRQ disabled
RIE - Receive Interrupt Enable

Bit Rate - This field selects the bit rate for data transmit and
receive. After a master reset, its value is 11. One of the three
bit rates must be selected in order to start the UART’s
operation. Writing a 11 will reset the UART.

TC1,TCO - Bits 6 and 5, Transmit Control, provide control
for transmit interrupt (when TBE is true), RTS control, and
transmit BREAK level.

RIE - Bit 7, Receive interrupt enable, when set to one,
enables the UART to interrupt the processor when the
receive buffer is full or a receive overrun has occurred.

765 432 1 0 UARTO (read)

UART?2 Status Register

RBF - Receive Buffer Full (1-Full)

TBE - Transmit Buffer Empty (1-Empty)
reserved

CTS - Clear-to-Send (0-Active)

FE - Framing Error (1-Error)

QV - Receiver Overrun (1-Overrun)
reserved

IRQ - Interrupt Request (1-Active)

RBF - Bit 0, Receive Buffer Full, is set to 1 when read data
is available in the UART data register. It is cleared to 0
when the UART data register is read.

TBE - Bit 1, Transmit Buffer Empty, is cleared to 0 when
data is written to the UART data register. Itissetto 1 when
the UART transfers that data to its output shift register.

CTS - Bit 3, Clear-to-Send, is an active low status bit indi-
cating the state of the CTS* input pin. A Oin this bit position
indicates that the modem or receiving device is ready to
receive characters. A 1indicates not ready. When CTS is
inactive, 1, TBE is held at 0, the not-empty state.

FE - Bit 4, Framing Error, when set to 1, indicates that the
receive character was improperly framed by the start and
stop bits. It is detected by the absence of the first stop bit.
This indicator is valid as long as the character data is valid.

OV - Bit 5, Receiver Overrun, is an error flag indicating that
one or more characters in the data stream has been lost. It
is set to 1 when a new character overwrites an old character
which has not been read. The overrun error is cleared to 0
when a character is read from the UART data register.

IRQ - Bit 7, Interrupt Request, is a status bit which reflects
the state of the interrupt request from the UART to the
processor. When IRQ is 1, an interrupt is pending. Other-
wise, no interrupt is pending.

The UART data register is actually two registers, a transmit
buffer and a receive buffer. Writing to the data register
causes the transmit buffer to be written. Reading from the
data register causes the receive buffer to be read.

76543210

LITTITT T

UART1

UART Data Regster
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Absolute Maximum Ratings

Operating Temperature . ............. 0 Cto+ 70 :C
Storage Temperature ............. -65 Cto+ 150 C
Voltage on anypinto GND. ... . .. -0.5Vto Vpp + 0.5V
Voltage on VpptoGND ............ -0.5Vto + 7.0V
Power Dissipation......................... 1.0 watt

DC Characteristics Ta= 0°Cto+ 70°C; Vpp

Note: Stress above that listed under "Absolute Maximum
Ratings" may cause permanent damage to the device. This
is a stress rating only. Operating the device at these levels
is not recommended, and specifications are not implied.

= 5V+10%; GND = 0V

PARAMETER SYMBOL MIN TYP MAX UNITS
Digital Inputs
Input Low Voltage VIL -0.5 0.8 v
Input High Voltage Vg 2.0 Vpp+ 0.5 A%
Input Leakage Current It 10 uA
Input Capacitance CIN 7 pF
Digital Outputs
Output Low Voltage (IoL = 4.0mA) VoL 0.4 v
Output High Voltage (Ion = 0.4mA) Von 24 \%
Tri-State Current loz 10 uA
Output Capacitance 10 pF
Bi-Directional Capacitance 10 pF
Analog Inputs
Video Input Voltage (Y1, Y2, C1,C2) 1.0 Vp-p
LTC Differential Input Voltage 0.1 Vp-p
LTCIN+ , LTCIN-, CLICK, FRAME input voltage -0.3 Vpp+ 0.3 \Y%
CLICK and FRAME bias voltage Vbp/3 \Y
Analog Outputs
Video output Voltage (YOUT, COUT) 1.0 Vp-p
LTC Output Voltage (Volume set at max.; Iout = 35mA) 2.0 Vp-p
LTC Output Voltage Amplitude Control Step 3 dB
LTC Output Voltage Amplitude Range 33 dB
Analog Vpp Supply Current Ipp1 50 mA
Digital Vpp Supply Current IpDp2 5 mA
AC Characteristics Ta= 0°Cto+ 70°C; Vpp = 5V+ 10%; GND = 0V
PARAMETER SYMBOL MIN TYP MAX UNITS
Address setup to IOR* or [IOW* command tACS 20 ns
Address hold from IOR* or IOW* command tAH 10 ns
Read pulse width tRD 50 ns
Access time tacc 150 ns
Output enable access time toE 50 ns
Data hold from IOR* high tRDH 10 ns
Read command inactive time tRHRL 210 ns
Write pulse width tWR 50 ns
Write data setup to IOW* high twDS 20 ns
Write data hold from IOW* high twDH 10 ns
Write command inactive time tWHWL 210 ns
CS* inactive time (Note 1) tCHCL 20 ns
UART Port Bit Rate (Command Register [1:0]= 00) 9.6 kHz
(Command Register [1:0]= 01) 313 kHz
(Command Register [1:0]= 10) reserved kHz

Note 1: This timing parameter must be met for proper operation of indirect register access using auto-increment.
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Figure 3 - Host Processor Bus Timing
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Applications

Crystal Oscillator

This oscillator will oper-
ate properly with either a
serial or parallel resonant
crystal. If frequency ac-
curacy is critical, a paral-
lel resonant crystal is
recommended. In this
case the load capacitance
is the series equivalent of
the two capacitors con-
nected

from the crystal to ground.
Typical capacitance values of 27pF will produce a loading
capacitance of about 15pF (with stray capacitance figured
in).

" 10

27pF

XTAL1

N
I

]
|
-
<

I 9

27pF

XTAL2

v
Figure 4 - Crystal Oscillator

Threshold Bypass Inputs

These inputs are used to
set the clamping, SYNC
extraction and data ex-
traction threshold volt-
ages. The values shown
in Figure 5 are selected
for a nominal RS-170 sig-
nal of 1Vp-p.

DTHRESH

STHRESH

CTHRESH

If there are problems
locking the ICS2008 to
incoming video, check the
video on Y1 or Y2 with respect to CTHRESH and
STHRESH.

Figure 5 - Threshold Bias

CTHRESH is the threshold to which the input video sync
tips are clamped. The CTHRESH level is nominally 1.3V.
With the incoming video riding on this 1.3V DC level, the
internal SYNC separator sizes the video at 20 IRE up from
the SYNC tips. This level, STHRESH, is nominally 1.44V.
The SYNC separator ignores short pulses which fall below
the STHRESH level such as these that come from the
chroma component of the video.

Care should be taken to keep lead to these pins short and
clear of any digital signal traces.

Video Inputs

| coMPOSITE IN Y 18
Y1, Y2, C1 and C2 pins e Y1
must be capacitively cou-
pled to the terminated 2
video source(s). These in- I 17 o4

puts are clamped to the
CTHRESH level. A typi-
calcoupling capacitance is

.IuF Figure 6 - Composite Input
Y N 18 vy
1uF
CIN =7 ¢
1uF
Figure 7 - S-Video Input
Video Outputs YN 18
YOUT and COUT are K "
outputs of analog multi- o
plexers which select the = 17
video source fromY1,C1 | ¢N 1{(F c1
or Y2, C2. These outputs !
are not buffered. This 2

minimizes signal distor-
tion. It is, therefore, im-
portant to keep the
capacitive and resistive load Flgure 8 - Video Output
on the YOUT and COUT

pins to a minimum. A video output buffer is shown in Figure
8. The plus input of the opamp should be high impedance,
and its output should be able to drive a 75 ohm load with an
appropriate video bandwidth. In general, composite NTSC
and S-video signals have a bandwidth of 42MHz. A mini-
mum output buffer bandwidth of 10MHz is recommended.
Care should be taken in board layout to minimize stray
capacitance on the YOUT and COUT pins. Otherwise,
there could be high frequency rolloff. This could result in a
loss of chrominance amplitude.
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Self Biased Inputs SR P
The CLICK and
FRAME inputs are bi-
ased to 1/2 VDD and
connected to plus inputs
of two comparators. The
minus inputs are inter-
nally biased to 1/2 VDD.

REF
0or2)

—h——4%rﬂ>

[vREF
woor2)

Arem + ;
viow - s
{: %m

4

When CLICK or

FRAME sources are EA

analog, they should be ca- Figure 9 - Self Biased
pacitively coupled to the in- Inputs

put pin. However, if the sources are digital, they may be tied
to the pins directly. It is important to make sure that the
digital levels into these pins swing above and below the 1/2
VDD threshold of the comparators. This is not a problem
with digital CMOS sources, but it could be with TTL
sources.

LTCIN+ and LTCIN- are comparator inputs for the LTC
input. This differential input is provided to maximize noise
immunity. If the LTC source is single ended, the LTCIN-
should be capacitively coupled to the ground reference of
that source. If the LTC source is digital, set the LTCIN- to
the desired threshold, and connect the digital source to
LTCIN+ .

LFC Pin
This pin should be tied to VDD.

Programming

The ICS2008 is a SMPTE time code input/output device
with a UART which can be used as a MIDI UART or
transport control UART. All of the time critical functions
to read and generate time code are performed by the chip’s
hardware, but all of the intelligence for processing time
codes and generating the time code values are performed
via an external processor. This makes the ICS2008 flexible
enough for a broad range of applications without making the
processing requirements on the host system too great.

In the case of the LTC receiver, LTC data is received into a
temporary buffer and transferred into the LTC read register
(IR0to IR7) when the last bit of LTC data has been received.
It should be noted that the data is transferred before the
SYNC pattern has been received. Once the data is in the
LTC receive buffer, the LRI bit is set to one in the SMPTEOQ
register. If the LRIEN bit (SMPTEDO) is set to a one, an
interrupt will be generated. The interrupt is cleared when
the SMPTEOQ register is read. The data in the LTC receive
buffer remains valid until the next LTC frame has been
completely received.

The LTC generator transfers data from the LTC Write
registers (IR8 to IRf) to the output buffer when the LTC
generator is enabled; LTCEN is set to one. Data transfers
for subsequent LTC frames occur eight bit times before the
end of the LTC frame being output. Remember that a LTC
frame ends with a 16 bit SYNC pattern. The LXI interrupt
bit in SMPTEDO is set to one when LTC Write register data
is transferred to the output buffer.

The UART has a four deep FIFO for its receive buffer. This
allows for relaxed interrupt latency requirements. In the
case of MIDI bit rates, the receiver will not overflow even if
the interrupt response delay is Imsec.
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Indirect Register Access

Indirect registers are accessed via the SMPTE2 (address)
and SMPTE3 (data) registers. To read an indirect register,
the program must first write its address to SMPTE2. Then
the data is read from SMPTE3. Writing to an indirect
register is similar. First, the address is written to SMPTE?2.
Then the data is written to SMPTE3.

In order to minimize the number of accesses required to
read or write a block of registers, an auto-increment func-
tion is provided. If the MSB of SMPTE?2 is written to a one
with the address, the address is incremented after each read
or write access to SMPTE3. For example, if one wants to
read the LTC Read registers, IROto IR7, SMPTE2 is written
to a 80h. Then SMPTE3Z is read eight times. The first byte
read is from IR0 followed by IR 1, etc. The auto increment
feature will not operate properly if CS* is not returned to
the inactive state between accesses. See the AC timing
section.

Interrupt Processing

Interrupts can be generated from four sources, LTC re-
ceiver, LTC generator, video line count and UART. The
interrupt status of the first three interrupts, LRI, LXI, and
VLI are in the SMPTEOregister. After this register is read,
all three interrupts are cleared. It is, therefore, necessary to
save the state of the interrupt status and process all active
interrupts.

The UART interrupt status is in the UARTO register. The
receive interrupt is cleared by reading the receive data
register, UART1. The transmit interrupt is cleared by writ-
ing data to the transmit data register, UART1.

Reading LTC

LTC input data in available in the LTC Read registers after
the last LTC data bit has been received. It is not necessary
to wait for the LTC SYNC pattern to be complete. When
LTC read data is available the LRI bit in SMPTEO is set to
one. If LRIEN is set to one, an interrupt is generated. LRI
and the interrupt are cleared byreading SMPTEOQ. Data will
remain valid until the last LTC data bit of the next frame has
been received.

Generating LTC

A typical program for generating LTC output would first
setup the LTC control registers and the LTC bit time regis-
ters. Then time code data would be written to the LTC Write
register. Once this setup is done the LTC output would be
enabled by setting LTCEN to a one. LTC output starts when
aLTC SYNCisreceived. The LTC SYNC source is selected
as part of the setup. While the LTC generator is waiting for
SYNC, the data in the LTC Write register is transferred to
the output buffer. When the transfer is complete the LXI
status but is set to a one. The data for the next LTC output
frame can then be loaded. The LXI status bit will be set to
aone after the data transfer at the end of the first LTC output
frame. At this point the LTC Write register is ready to
receive data for the third LTC output frame.

The SMPTE1 register contains two status bits which indi-
cate whether LTC data is being received and if so which
direction. LTCLOCK is set to one when the LTC receiver
has received a valid LTC SYNC pattern and data is still
coming in. CODEDIR indicates the direction of the LTC
SYNC pattern. Thisis useful to tell whether a tape with LTC
is shuttling forwards or backwards.

Reading VITC

Toread VITC code one must first setup IR30thruIR33. The
VITC Read Line registers, IR30 and IR 31, select the video
line from which VITC code is to be read. The MSB is the
enable for VITC reading. The Read Line field, bits 4 to 0,
should be programmed with the desired line number minus
ten. So, if line 15 is desired, a 5 should be programmed in
the Read Line field. IR32 selects the source and type of
video. The GENLOCK ENABLE bit must be set to a one,
and the VTRES bit must be set to a zero. The Video
Interrupt Line register, IR33 should be set to a line after all
VITC read and write lines. This allows all of the VITC
receive and generate operations to be complete before proc-
essing VITC.

The VLOCK bit in the SMPTE I register indicates whether
the ICS2008 is genlocked to the selected video source.
Without the VLOCK status set to one, no VITC read will
occur.

With VLOCK set to one and the control registers properly
initialized VITC data is received a byte at a time from the
video signal and written to the VITC Read registers. At the
end of the VITC data frame the CRC byte is checked, and
the result reported in bit 5 of IR30 and IR 31. In addition to
the CRC check, if a full VITC data frame is not received, the
NOCODE bit, bit 6, is set to a one.
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Generating VITC

Like reading VITC, IR2e, IR2f, IR32 and IR33 must be
setup in order to generate VITC. The VITC Write Line
registers, IR 2e and IR 2f, select the video line to which VITC
code is to be written. The MSB is the enable for VITC
generation. The Write Line field, bits 4 to 0, should be
programmed with the desired line number minus ten. So, if
line 12 is desired, a 2 should be programmed in the Write
Line field. IR32 selects the source and type of video. The
GENLOCK ENABLE bit must be set to a one, and the
VTRES bit must be set to a zero. The Video Interrupt Line
register, IR33 should be set to a line after all VITC read and
write lines. This allows all of the VITC receive and generate
operations to be complete before processing VITC.

With the VITC generator setup properly, when the selected
video line starts, the VITC data in the VITC Write buffer,
IR20 to IR27, is output. The video line interrupt, VLI in
SMPTEQ, is provided to allow ample processing time for
VITC generation.

Burn-in Window

The burn-in window can be placed anywhere on the video
display. The position of the upper left corner of the window
is selected by the values written in IR28 and IR29. IR28
controls the horizontal position. Values from 00h to 71h put
the corner in the first half of a video line (starting from the
falling edge of HSYNC). Values from 80h to flh put the
corner in the second half of a video line. Any other values
will not display the window. Care should be taken not to
choose values which put the window in any part of the
blanking area. IR29 controls the vertical position. The value
written here is the video line number divided by 2.

IR2a to IR 2d, are the registers which control the characters
displayed in the burn-in window.
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Integrated
Circuit
Systems, Inc.

ICS2008A

Product Preview

SMPTE Time Code Receiver/Generator

General Description

The ICS2008A, SMPTE Time Code Receiver/Generator
chip, is a VLSI device designed in a low power CMOS
process. This device provides the timing coordination for
Multimedia sight and sound events. Although it is aimed at
a PC Multimedia environment, the ICS2008A is easily inte-
grated into products requiring SMPTE time code genera-
tion and/or reception in LTC (Longitudinal Time Code)
and/or VITC (Vertical Interval Time Code) formats and
MTC (MIDI Time Code) translation.

Taking its input from composite video, S-Video, or an audio
track, the ICS2008A can read SMPTE time code in VITC
and LTC formats. Time code output formats are LTC and
VITC. All are available simultaneously. A UART is pro-
vided for the user to support MTC or tape transport control.

The processor interface is compatible with the IBM PC and
ISA bus compatible computers and is easily interfaced to
other processors.

The ICS2008A is an improved version of the ICS2008, with
additional features and capabilities.

Block Diagram

VIDEOIN 1
VIDEO  [-VIDEO IN2
I VIDEO OUT
VITC OUT
RAM SMPTE  [-LTCIN
& — £ our
REGISTERS [
CLICKSYNC |-TACHIN
PC _| PROCESSOR
BUS INTERFACE UART MIDI
I
TIMER

Features

e Internal and external sync sources

- Genlock to video or house sync inputs
- Internally generated timing from oscillator input
- External click input

e LTCand VITC Generators

- Real Time SMPTE Rates: 30Hz, 29.97Hz, 25Hz,
24Hz

- Time Code Modes: Drop Frame and Color Frame

- VITC can be inserted on two lines from 10-40
(SMPTE specifies lines 10-20)

- 'Jam Sync," "freewheeling," error bypass/correction,
and plus-one-frame capability
e LTCReceiver
- Meets SMPTE and EBU LTC specifications
- Synchronize bit rates from 1/30"™ nominal to 80X
nominal playback speed
e VITC reader

- Reads code from any or all selected scan lines
- Meets SMPTE VITC specifications

New, Improved Features

e Time Code Burn-in Window selectable to overlay
video with programmable screen position, size and
black/white polarity

e Internal Timer, allows 1/4 Frame MIDI Time Code
Messages

e LTC edge rate control, conforms to EBU Tr and Tf
specification

e Improved video timing lock during VCR pause and
shuttle modes

e VITC search mode, will search through VBI lines until
VITC is found

e New UART frequency of 38.4 Kbaud for tape trans-
port control

e Improved video output performance
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Integrated ICS2101

Circuit
Systems, Inc.

Digitally Controlled Audio Mixer

Description Features

The ICS2101 is a CMOS monolithic integrated circuit that e 5 Stereo Input Pairs

fills the need for a digitally-controlled multi-channel line- o | Stereo Output Pair

level stereo audio mixer. The ten input channels may be Logarithmic Attenuation: 7-Bit Resolution --

treated as separate mono inputs, as stereo pairs or as a 0.5 dB per step

combination of mono and stereo inputs. High-performance

attenuators provide accurate gain control with a minimum Input Pai

of noise. Stereo balance and mono panning functions are nput air . .

supported. The primary application for this part is in audio ~® Mono Input Mode with Panning

cards for multi-media persona] computers. e Master Attenuation and Balance Control for Oulput
e LowNoise, Low Distortion

e Separate Attenuation and Balance Control for each

Architecture
]LZ:— S ';_ >—0LOUT
w BT e non
2 ——FH -]
m L {EC]
L A
® —{FH
a ——FH ]
R —{FH T
5L

o—

Figure 1 - Basic Block Diagram
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The audio inputs are logically grouped into five stereo pairs.
Each input passes through a digitally controlled attenuator
and a buffer amplifier. The output of the buffer may be
connected to either or both of the stereo summing buses.
On-chip logic manages the two attenuators to achieve both
level and balance control.

The outputs of the sum amps are applied to the master

attenuation/balance controls and then to the buffer amps to
deliver the signals to the outside world.

Absolute Maximum Ratings

Storage Temperature -65°C to 150 °C
Voltage on any pin with

respect to ground -0.3V to Vpp+ 0.3V
Maximum Vpp A%
Power Dissipation W

Standard Test Conditions

Operating Temperature Range 0 ‘Cto70°C
Power Supply Voltage 4.75t0 5.25 Volts

DC Characteristics
Vop = 5V 5%,Vss= OV

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS
Vin  |Logical 1 Input Voltage 24 VbpD \Y
ViL Logical 0 Input Voltage 0 0.8 v
I Input Leakage Current -1 1 uA 0< VIN< VDDD
Ion Output Source Current -100 mA Vout= VREF + IV
Master alternators off
IoL  |Output Sink Current 100 mA Vourt = VREF-IV
Master alternators off
VREr |Internal Reference V 44 Vpp v
Iapp  |Analog Suppiy Current 7 10 mA
Ippp |Digital Supply Current 10 100 uA

82



1ICS2101

AC Characteristics

SYMBOL | PARAMETER MIN TYP | MAX | UNITS | CONDITIONS
ANALOG
Var Analog Input Voltage 3 Vpp AC coupled
AF Analog Frequency Range 20 20,000 Hz
RIN Attenuator Input Resistance 20 32 Kohm |[Gain= 0dB
THD Total Harmonic Distortion 0.2 P 2Vp-p, 1 KHz,
Gain= 0dB
SNR Signal to Noise Ratio 86 dB Gain= 0dB
BW = 20to 20KHz
RMoONO |Mono Switch Resistance 100 200 400 ohms
Ncr Crosstalk - L/R Channel 78 db 1KHz, 2 VPP
Gain = 0db
AG Analog Output Step 0.5 dB Atten. value
127 through 16
DIGITAL
TRESET |Reset Pulse Width 200 ns
TrowL |IOW Pulse Width Low 80 ns
Trown |IOW Pulse Width High 120 ns
Tcss Chip Select Setup Time 25 ns
Tcsu  [Chip Select Hold Time 25 ns
Tps |Data Setup Time 25 ns
Tpu |Data Hold Time 25 ns

Timing Waveforms

RESET —
TRESET —
V—T —
— TIowH
Cs-,A
= Tcss = = TesH
Tps—| k-
DO - D6
—> e—TDH

Figure 2 - Timing Diagram
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Pin Descriptions

PIN NUMBER PIN SYMBOL PIN NUMBER PIN SYMBOL
1 1L 15 RESET
2 IR 16 sL
3 - cs 17 SR
4 VbDpD 18 VDDA
5 IOW- 19 4L
6 DO 20 4R
7 DI 21 R OUT
8 D2 2 LOUT
B 9 D3 23 VREF
10 D4 24 Vssa
11 D5 25 3L
12 D6 26 3R
13 Vssp 27 oL
14 A 28 2R

Reset: Active high. All control, pan, and attenuation regis-
ters are set to zeros.

Chip Select (CS-): Active low input. Chip select must be
low at the trailing edge of the -IOW pulse to select the
device.

Input Output Write (IOW-): Active low input. When the
chip is enabled, it latches data from the bus on the rising
edge of IOW.

Address/Data (A): Input. When this input is high, the
address register is selected; when low, the data register
associated with the contents of the address register is se-
lected.

Data bus (D0 - D6): Active high input.

Audio Inputs (1L-5L, 1R-5R): Audio connections to the
input attenuators. These inputs are internally referenced to
VREF and are normally fed via an external coupling capaci-
tor.

Audio Outputs (L OUT, R OUT): Line level audio outputs.
Reference Voltage (VREF): Internally generated reference

voltage of approximately 0.44 Vppa. A 1000pf capacitor
should be connected between this pin and Vssa.




1ICS2101

L— amen
PAR
1R 1 —
7 7
DO-D6 ADD
—‘-> REG #’
e e
PAR
2R ] 2 L
12 _@_ ,\AAAT%ET'E‘R L our
reser — o 4 S Amn
A —p| REG 7 ’ IR PAa'R
Cs- —pf . ]
ATTEN
MASTER R our
R
A~ AmEN
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Figure 3 - Block Diagram
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.
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Figure 4 - Attenuator Pair Detail
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Attenuation Control

Each attenuator is controlled by a 7-bit value written into its
control register. Values of 127 through 16 increase the at-
tenuation in one-half dB steps. Values of 15 through 0 cause
the attenuation to approach infinity in increasingly coarser
steps. This ensures that the channel is completely off when
the control is at minimum value.

GAIN dB

-90
127 110 920 70 50 30 10 0
CONTROL VALUE

Figure 5 - Attenuation vs. Control Value

Registers and Modes of Operation Address Register
Addpress Register LIV S 8,6 20 -
The address register is used to point to the internalregisters ~ |BITS 5, 4,3 0,0,0= Pair 1
per the table listed at right: 0,0,1= Pair2
0,1,0= Pair3
Control Registers / Modes of Operation (1) (1) (l)z gzi; g
Each attenuator pair maybe operated in one of three modes 1.0.1= Master
and is controlled by five registers: =
BITS2,1,0 0,0,0= Control Left
Left Control and Left Attenuation Register 0,0, 1= Control Right
Richt C | and Richt A ion Regi 0,1,0= Attenuator Left
ight Control and Right Attenuation Register 0.1,1= Attenuator Right
(Normal Mode only) 1L.0.X = Pan
Pan-Balance Position Register (Pan/Balance
Mode only)
Normal Mode
In the normal mode, both the left and right control and
attenuation registers are active, and the L and R inputs to
an attenuator pair may be separately controlled. The mono
switch is always open.
L CONTROL REG SWITCH SWITCH R CONTROL REG SWITCH SWITCH
3210 LL LR 3210 RL RR
0000 off off 0000 off off
0001 on off 0001 on off
0010 off on 0010 off on
0011 on on 0011 on on
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Stereo Mode

In the stereo mode the left control register controls the
mode of the attenuator pair, and values written to the left
attenuation register are sent to both the left and right chan-
nels. The gain of both channels is always equal. However,
right control and attenuation registers are not inactive in this
mode. Therefore, the host software must be careful not to
write to the right control and attenuation registers while in
the stereo mode. The master attenuator pair does not have
a mono switch.

L CONTROL REG | SWITCH | SWITCH | SWITCH | SWITCH | MONO
3210 LL LR RL RR SWITCH OPERATION
0100 on off off on off Stereo - Normal
0101 off on on off off  |Stereo - Reversed Channels
0110 on off off on on Mono
0111 | off on on off on lMono (Reserved)
Balance/Pan Mode 0 ROl 57
In the balance/pan mode, the left control register controls -1
the mode of the attenuator pair, and the left attenuation -2
register controls the overall gain of both channels. The s -3
balance/pan register controls the differential gain of the two 2 4 o
attenuators, thereby regulating the balance of stereo signals 2_‘9 -5 & ’&‘4,)
and the panoramic position of mono signals in the stereo -6
output of the mixer. The right control and attenuation reg- .7
isters are not inactive in this mode. Therefore, the host -8
software must be careful not to write to the right control and -9
attenuation registers while in the balance/pan mode. The 012345678 9101112131415
pan mode does not apply to the master attenuator pair, as it CONTROL VALUE
does not have a mono switch.
Figure 6
L CONTROL REG | SWITCH | SWITCH | SWITCH | SWITCH | MONO
3210 LL LR RL RR SWITCH OPERATION
1000 on off off on off Balance - Normal
1001 off on on off off Balance - Reversed Channels
1010 on off off on on Pan - Normal
1011 off on on off on Pan - Reversed

Programming Considerations

From the host processor perspective, the mixer chip consists
of two write-onlyregisters: the address register and the data
register. The host first writes a value to the address register,
which selects the appropriate data register for subsequent
data-write operations. If a series of values are to be written
to a single register, as when gradually fading one attenuator,
the address register need only be written with the appropri-
ate value once at the beginning of the operation.

In the pan/balance mode, two separate attenuator registers
are being internally managed to control an attenuator pair.
The attenuation value directed to the left attenuation regis-
ter gets modified by the contents of the pan/balance register,
and the appropriate values are written into both the left and
right attenuation registers. Note that when a channel’s
pan/balance register is modified, it has no effect on the
attenuator settings until a subsequent value is written to the
left attenuation register.

Package Information
The ICS2101 is available in 28-pin DIP and SO packages.
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Integrated 1ICS2102

Circuit
Systems, Inc.

Sound Blaster™ Compatible Mixer

General Description Features

The ICS2102 is a CMOS integrated circuit that provides e 4 channel stereo and 1 monaural mixing

mixing of 4 stereo and 1 monaural audio signals as well as e 8 levels of independent channel mput attenuation

master volume control. These functions are digitally control- control, except microphone (4 levels)

led through Sound Blaster compatible mixer registers, an 8

bit parallel interface. The monaural microphone input has S .. .
. o . eparate digital and analog supplies

4 levels of attenuation. The remaining 8 input channels have

8 levels of attenuation. The four stereo channels and one 5V CMOS process

monaural channel are summed to form a composite signal ~® 28 pmn SOIC package

before global volume controls are added. The master vol-

ume may be programmed with one of 8 levels of attenuation.

This component performs all the necessary audio mixing for

a product that is compatible with Sound Blaster Pro.™

8 level master volume control

LFM

]
\/

LPCM

;; > > Lout

LLNE

=
e LREC
MiC —»%’ %
RCD H%’ »’/\ :q
» RREC
RLNE —» %" %
RPCM —»%‘ ai> 2z > ROUT
—>
RFM %" *!-1>———'
D(70) <>
RST* —»  Digital Control
WR* —»| nterface
CE* —»
A0 —>»

Sound Blaster and Sound Blaster Pro are trademarks of Creative Technologies, Inc







Integrated
Circuit
Systems, Inc.

WaveFront

Chip Set

WaveFront™:General MIDI Wavetable Synthesis System

General Description

The WaveFront chip set provides professional quality music
through wavetable synthesis. This form of synthesis achieves
its startling realism by playing back short digital recordings
of real instruments. With WaveFront, a simple design can
sound like a full range of musical instruments at a cost that
rivals artificial sounding FM synthesis.

The primary component is the WaveFront Synthesizer,
ICS2115, which has the ability to play 32 voices simultane-
ously. As a source for sound data, ICS offers WaveFront
Sounds: ICS2122, 1CS2124-001 and ICS2124-002. These
ROMs contain all the instruments in the extended version
of the General MIDI specification (a standard developed by
the IMA, International MIDI Association).

The WaveFront Interface, ICS2116, handles most of the
support functions that a synthesizer requires. It allows
WaveFront to communicate through a serial, parallel or port
as well as the MPU-401 standard for the ISA bus. The
ICS2116 permits the WaveFront chip set to be a highly
integrated system at a surprisingly low cost.

Features

e Complete system for wavetable synthesis of General
MIDI sounds

e Minimum of external components due to highly inte-
grated design

e 24 voice polyphony using an output sample rate of
44.1kHz, or 32 voices at 33kHz

e Serial and parallel port input provides interface with
self contained unit

e  MPU-401 emulation, for compatibility with thousands

of DOS programs and the generic MPU-401 driver

supplied with Microsoft Windows 3.1

Two MIDI inputs and one output

Well suited for both a ISA peripheral and a free stand-

ing unit

No burden on host CPU for synthesis functions

Option for 2MB or 4MB patch set

Optional Wavetable DRAM for user samples

Optional digital effects with free-standing unit

Block Diagram: WaveFront as an ISA Peripheral

WaveFront
s o
Microprocessor ,Cisczsézgoar &
1C82124-002
MPU-401 ISA |
Interface ICS2116 1CS21156 16 Bit Sfereo
WaveFront WaveFront Stereo DAC [— Audio
Serial Port _, Interface Synthesizer Output
or MIDI Port
| > Serial MIDI Output
r-——- =71
I |
256K x 4 | Wcl:\)/sl\cble
DRAM | (Optional)
| J

WaveFront 1s a trademark of Integrated Circuit Systems, Inc.
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Block Diagram: WaveFront as a Free-Standing Unit

WaveFront
Operating Motorola Sounds
System 68EC000 1CS2122 or
ROM Microprocessor 1CS2124-001 &
iC82124-002
* i |
I |
Parallel Port 1CS2116 1CS2115 | Wavetable |
Serial Port— WaveFront WaveFront le >
or MIDI Port Interface Synthesizer I (Optionah |
r _Mg'ror_olo_—I
I reduced function | s
256K x 4 Sopn 16 Bit A:re(rjeo
DRAM | ForGlobal | Stereo DAC [ OlLJJ‘r '% t
Digital Effects P
|_ (Optional) _J

Components for WaveFront
Development

WaveFront Operating System in two forms:

— A binary file for an EPROM (for a free-standing
unit

- A D)OS executable that configures the system and
downloads the code (for an ISA peripheral)

Circuit Schematics of both the ISA peripheral and the

free-standing design (OrCAD format)

Gerber files of the two designs

WaveFront Demo Board

— ISA version

— Free-standing version

Ordering Information

To construct one system using WaveFront, the following ICS
parts are required:

ICS2115 WaveFront Synthesizer (84-pin PLCC or 80-

pin PQFP package)

ICS2116 WaveFront Interface (100-pin PQFP package)

WaveFront Sounds. Pick one of these three options:

— 1CS2122 for a 2MB patch set (44-pin SO package)

— 1CS2124-001 and ICS2124-002 for a 4MB patch set
(each is a 44-pin SO package)

— Obtain the mask file(s) for either the 2MB or 4MB
patch sets and fabricate the masked ROMs.

1CS2495-337 WaveFront Clock (This can be replaced

by two crystal oscillators if desired)

— ICS2495A-337 (20-pin DIP package)

— ICS2495K-337 (20-pin SO package)
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WaveFront™ Synthesizer

General Description Features

The WaveFront Synthesizer, ICS2115, is an audio synthesis e Capable of addressing up to 32MB of wavetable ROM
chip which utilizes wavetable lookup to produce 16-bit, CD and up to 16MB of wavetable DRAM

quality sound. The internal memory management unit al- e  Variable Polyphony Rates: 24 voices at 44.1KHz
lows both ROM, for standard samples, and low cost DRAM, through 32 voices at 33 kHz

for soft loadable samples, to be connected directly to the o yj5e5 16 bit linear, 8 bit linear, and 8 bit u-Law wavetable
ICS2115. The WaveFront Synthesizer presents the audio data.

output in 16-bit linear form for conversion by a low cost

CD-type DAC e  Serial output for a CD player-type DAC

Block Diagram

| =
| I
1 1
: +—» ROMA(I7:9)
! L » MA(I0:0)
X W&ve Table ; > E?TII\E/IEN
« | emory >
RAMREQ 1 g Interface : > RAMACK
DD(7:0) «— > L > RAS*
! t > CAS*(3:.0)
| > WE
. A .
I y :
1 1
! ———>» SERDATA
SD(15:0) ——+—>»
SA(1:0) — L Synthesis DAC > LRCIK
IOR* ! Engine Interface > BCK
" Synthesizer ——» WDCLK
'OW* > Processor :
CS"——+—>» Interface '
CSMM® ——L !
DACK* ———>» T » DRQ
TC—:~> ! » IOCS16*
RESET* ———» 1 »> MMIRQ
SHBE‘%—» : > IRQ
I S e ———+———» IOCHRDY
1 1
1 I
XU —— CLOCK —> XILO
I i
' J
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ICS2116

WaveFront Component

WaveFront Interface

General Description

The WaveFront Interface is essential for a highly integrated
design using the WaveFront Synthesizer. It incorporates an
inexpensive Motorola 68E C000 microprocessor into the sys-
tem. It also provides system RAM, address decoding, and
data buffering to and from the input source. The input
source can be a serial stream (including MIDI), a parallel
port, or a set of registers on the ISA bus emulating MPU-401
or 6850 UART standards.

For systems not using the ISA bus, the WaveFront Interface
can convert the serial output of the synthesizer into a form
that a reduced-function Motorola 56001 DSP can read. This
allows for global digital effects (such as reverb and chorus)
to enhance the audio signal.

Block Diagram

Features

e Provides the majority of system "glue" logic, for high
integration and low cost.

e Uses a single inexpensive 256K x 4 DRAM as system
memory

e Contains small code ROM, which eliminates the code
ROM in an ISA design

o Soft select of 4 different IRQs on the ISA bus

| +—» D(15:0)
AQ7:) — ! —» DTACK*
UDS* — 68EC000 > BRY
LDS* —; Interface > IPL(2:1)

AS* & BOOtROM '
RW —! :
. o Address |———» ROMCS*
B&® > Decode -+ » DSPCS*
1 A A |
\ 1
| 1
| ' Systom [ > NG
CLKIN —! > Memoy | > DO
\ Internal _| Interface RAS
: Rg%s’rers g ———:» CAS*
ore
SD(7:0) —1—» Logic I » CLKOUT
SAQR:0) —+» <> e
OR* 1> ISA . > RESET"
OW* Inferface +—» |OCHRDY
cs* _:» : » |RQ(3:0)
RESET —1 |
l > ICIOR*
' » WaveFront — ICIOW*
| (I:CI:)IES i > Synthesizer —> ICCS*
: Interface Ly *
ICIOCHRDY —! > ICDACK
! " » ICTC
X \ 4 :
MIDINT — > UART Controls !
> » MIDIOUT
MIDIN2 ! > :
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1CS2122

1CS2124-001
1CS2124-002

WaveFront Sounds

WaveFront Components n

Description

The WaveFront Sounds, ICS2122 and ICS2124-001/-002,are o
the sound material that comprises the wavetable for the
WaveFront Synthesizer. Each part, a 2M x 8 masked ROM, o

Features

contains all the information (digital recordings, loop points,
volume contours, etc.) necessary to produce all the sounds
in the General MIDI specification. For a2MB sound set use
the ICS2122, for a 4MB set use both the 1CS2124-001 and

1CS2124-002.

Instrument List

Acoustic Grand Piano
Bright Acoustic Piano
Electric Grand Piano
Honky-Tonk Piano
Electric Piano 1
Electric Piano 2
Harpsichord

Clavi

Celesta

Glockenspiel

Music Box
Vibraphone

Marimba

Xylophone

Tubular Bells
Dulcimer

Drawbar Organ
Percussive Organ
Rock Organ

Church Organ

Reed Organ
Accordian

Harmonica

Tango Accordian
Acoustic Guitar (nylon)
Acoustic Guitar (steel)
Electric Guitar (jazz)
Electric Guitar (clean)
Electric Guitar (muted)
Overdriven Guitar
Distortion Guitar
Guitar Harmonics
Acoustic Bass

Electric Bass (finger)
Electric Bass (pick)
Fretless Bass

Slap Bass 1

Slap Bass 2

Synth Bass 1
Synth Bass 2
Violin

Viola

Cello

Contrabass
Tremolo Strings
Pizzicato Strings
Orchestral Harp
Timpani

String Ensemble 1
String Ensemble 2
SynthStrings 1
SynthStrings 2
Choir Aahs

Voice Oohs

Synth Voice
Orchestra Hit
Trumpet
Trombone

Tuba

Muted Trumpet
French Horn
Brass Section
SynthBrass 1
SynthBrass 2
Soprano Sax

Alto Sax

Tenor Sax
Baritone Sax
Oboe

English Horn
Bassoon

Clarinet

Piccolo

Flute

Recorder

Pan Flute

Blown Bottle
Shakuhachi
Whistle

Ocarina

Lead 1 (square)
Lead 2 (sawtooth)
Lead 3 (calliope)
Lead 4 (chiff)
Lead 5 (charang)
Lead 6 (voice)
Lead 7 (fifths)
Lead 8 (bass + lead)
Pad 1 (new age)
Pad 2 (warm)
Pad 3 (polysynth)
Pad 4 (choir)

Pad 5 (bowed)
Pad 6 (metallic)
Pad 7 (halo)

Pad 8 (sweep)
FX 1 (rain)

FX 2 (soundtrack)
FX 3 (crystal)

FX 4 (atmosphere)
FX 5 (brightness)
FX 6 (goblins)
FX 7 (echoes)
FX 8 (sci-fi)
Sitar

Banjo

Shamisen

Koto

Kalimba

Bag Pipe

Fiddle

Shanai

Tinkle Bell
Agogo

Steel Drums
Wood Block
Taiko Drum
Melodic Tom
Synth Drum
Reverse Cymbal
Guitar Fret Noise
Breath Noise
Seashore

Bird Tweet
Telephone Ring
Helicopter
Applause
Gunshot

69 drum sounds

16 bit linear wavetable (1CS2124-001/-002) or com-
pressed wave table (ICS2122) of General MIDI sounds

Contains 128 instruments and 69 drum sounds
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WaveFront Software

WaveFront Operating System SoftWare

Description

The WaveFront Operating System software realizes the
complete potential of the hardware. It manages a complex
voice architecture where each voice has two envelopes with
6 segments, two LFOs and a modulation matrix. As shown
in the chart below, the operating system responds to a
comprehensive set of real time MIDI messages.

Features

e Full-featured implementation of a wavetable synthe-
sizer

e Meets the synthesizer requirements of the MPC speci-
fication

e Selectable polyphony: 24 voices at 44.1kHz through 32
voices at 33 kHz

MIDI Implementation Chart

FUNCTION TRANSMITTED RECOGNIZED REMARKS
Basic Default X 1-16
Channel Change X 1-16
Default X Mode 3 Omni Off, Poly
Mode Messages X Mode 3,4 (m= 1) *(see Notes)
A]tered 3k ok ok ok ok sk ok ok ok
Note X 0-127
Number Sound Range Bk ok ko ok 0-127
Velocity Note On X (0]
Note Off X X
After Key’s X X
Touch Ch’s X [0)
Pitch Bend X (0] Resolution:
All 14 bits
1 X (0] Modulation Wheel
2 X (0] Breath Controller
4 X (0] Foot Controller
Control 7 X (0] Volume
Change 10 X 0} Pan
11 X O Expression Controller
64 X (0] Sustain Pedal
100, 101 X (0] RPN LSB, MSB
120 X O All Sounds Off
121 X [6) Reset All Controllers
Program X O
Change ko sk sk ok ok sk ok ok 0_12‘7
System Exclusive (6] (6] Dump & Receive
Program Data
System Song Pos X X
Common Song Sel X X
Tune X X
System X X
Real Time X X
Local ON/OFF X X
Aux All Notes Off X 0 (123-127)
Messages Active Sensing X (0]
Reset X X

O: Yes X. No

NOTES: * Mode 4 (Omn1 Off, Mono) 1s recognized as m = 1 regardless of the value of m.




ICS

Multimedia Applications
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Using the GSP500 with a Rohm BA7230LS Encoder
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GSP500 Schematic, page 1 of 3: GSP500 Wiring
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GSP500 Schematic, page 2 of 3: BA7230LS Wiring
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GSP500 Schematic, page 3 of 3: Port Selection Wiring
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PAL Equations - Expanded Product terms

HOLD1 = SAll

# SA10

#!1SA9

# 1SA8

# SA7

# SA6

# SAS
HOLD2 = SA4

# SA3

#1SA2
R306 = AEN & HOLD1 & HOLD2 & IOR & !IOW & !SAO & SA1
R307 = AEN & HOLD1 & HOLD2 & IOR & !IOW & SAO & SA1
W306 = AEN & HOLD1 & HOLD2 & !IOR & IOW & !SAQO & SA1
W307 = AEN & HOLD1 & HOLD2 & 'IOR & IOW & SAO & SA1
AEN.oe = 0
HOLD1.0e = 1
HOLD2.0e = 1
R306.0e = 1
R307.0e = 1
W306.0e = 1

W307.0e

]
—
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PAL Equations - Symbol Table

Pin Variable Ext Pin Type Pterms | Max Pterms| Min Level
Polarity Name used

! AEN 21 \ — — —
HOLD1 18 v 7 7 1

HOLD2 19 \ 3 7 1
! IOR 23 \Y — — —
! oW 14 \ — — —
! R306 22 \Y 1 7 1
! R307 15 \ 1 7 1
SAQ 13 \ — — —
SAl 11 \4 — — —
SA2 10 \ — — —
SA3 9 \% — — —
SA4 8 \ — — —
SAS5 7 \ — — —
SA6 6 \% — — -
SA7 5 \% — — —
SA8 4 \% — — —
SA9 3 \Y% — — —
SA10 2 \ — — —
SAll 1 \ — — —

! W306 17 \ 1 7 1
! W307 16 \ 1 7 1
AEN oe 21 D 1 1 0

HOLD1 oe 18 D 1 1 0

HOLD2 oe 19 D 1 1 0

R306 oe 22 D 1 1 0

R307 oe 15 D 1 1 0

W306 oe 17 D 1 1 0

W307 oe 16 D 1 1 0

LEGEND F: field D: default variable M: extended node
N: node I: intermediate variable T: function
V: variable X: extended variable U: undefined
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A)

B)

C)

D)

E)

F)

G)

H)

1)

J)

Critical Layout Areas

GSP500 VCXO input (pins 48 and 49 of GSP500)
Keep etches as short as possible. Keep all etches, especially high speed digital, away from circuit area.

GSP500 VCXO loop filter (pin 47 of GSP500)
Try to keep components near GSP500. Keep all etches, especially high speed digital, away from circuit area.

VCLK dotclock connection (pin 54 of GSP500)
Keep etch as short as possible. Keep all etches, especially high speed digital, away from connection.

GSP500 VCO loop filter (pin 40 of GSP500)
Try to keep components near GSP500. Keep all etches, especially high speed digital, away from circuit area.

GSP500 Video input ground connection
Connect one of the video input jack pins to the ground plane. Connect all VIDREF connections to this point with at
least a 20 mil etch. Keep 75 Ohm resistors close to the connectors.

GSP500 Video inputs (pins 32 and 33 of GSP500)
Try to guard band video inputs to GSP500. Signal etches should be at least 20 mil thick.

Encoder VCXO loop filter (pin 12 of BA7230LS)
Try to keep components near encoder. Keep all etches, especially high speed digital, away from circuit area.

Luminance delay (pins 16 and 3 of BA7230LS)
Keep etches as short as possible. Keep all etches, especially high speed digital, away from circuit area.

Encoder VCXO crystal (pins 7 and 8 of BA7230LS)
Keep etches as short as possible. Keep all etches, especially high speed digital, away from circuit area.

Power supply and loop filter pull-up voltage for GSP500 and encoder (pins 20, 21, 38, 40, and 47 of
GSP500, pins 12 and 24 of BA7230LS)
Regulate all power supply and loop filter voltages.
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VLE
ODD/EVEN
FP/
DATAIN

CB

CS

CKEY

TEST
VSYNCOUT
DATAFRAME
OVENABLE
1/ES
L/ROUT
BRSTACT
FRTSTOUT/
HS
HRSTOUT/
HSYNCOUT
\AN

VDD

VDD

VSS§

VIDEO OUT
SYNCIN
YIN
B-YIN
R-YIN

BURST LEVEL ADJ.

vC

VB

VA

BPF IN (BG/)
APC PHASE AD]J.
PD

23 FSO 45 YOUT
24 FS1 46 HALIGNOUT/
25 FS2 47 SYSLF
26 FS3 48 XTALI
27 FS4 49 XTALO
28 FS5 50 AVSS
29 EXTSYNC 51 VID1/2
30 SYNCTOL 52 VCOOUT
31 CLAMPLEV 53 FILTSEL
32 Y2 54 DOTCLOCK
33 Y1 55 VFF
34 c2 56 STILLFRAME
35 c1 57 VGA/NTSC
36 3.585C 58 BG/
37 FRSTIN 59 L/RIN
38 AVDD 60 VGAHSYNC
39 GFF 61 VGAVSYNC
40 VCOLF 62 HALIGNIN/
41 SYNCTHRS 63 NTSC/SVID
42 VGAO/E 64 Vs
43 COUT 65 4Xsc
44 RST/ 66 PCLK
BA7230LS Pin Names

13 RED

14 GREEN

15 BLUE

16 Y ouUT

17 B-Y OUT

18 R-Y OUT

19 GND

20 VIDEO IN

21 PCP IN (FP/)

22 HDP IN

23 YS IN (OVENABLE/)

24 vee

GSP500 Pin Names
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BA7230LS Test Layout
Component Side

BA7230LS Test Layout
Solder Side
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GSP500 Physical Specifications
(All dimensions are in inches)
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BA7230LS Physical Specifications
(All dimensions are in millimeters)
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Adjustment Features

GSP500

Set the GSP500 for non-NTSC operation(any
VGA mode). Adjust the variable capacitor (be-
tween pins 48 and 49 of the GSP500) until pin 65
of the GSP500 reads 14.31818 MHz. If you are

BA7230LS

Step 1
Adjust the variable resistor (pin 11 of the
BA7230LS) until pin 11 reads 3.9 volts DC.

unable to adjust it far enough, you may have to

increase or decrease the size of the capacitor par-

allel to the variable capacitor. Step 2
Place GSP500 in genlock mode. Attach a vector-
scope to the video output connector. Create a
colorbar pattern on the computer screen (available
from ICS). Adjust the variable capacitor until the
vectorscope displays the proper phase.

Sources for Specialized Components

Encoders: Phono Connectors:
BA7230LS 901

ROHM Corporation Keystone Manufacturers

USA Headquarters 31-07 20th Road

8 Watney Astoria, NY 11105-2017

Irvine CA 92718 (718)956-8900 FAX:(718)956-9040

(714)855-2131 FAX:(714)855-1669
Variable Capacitors:

Delay Lines:
GKG7R011 (2-5pf)

H321LNP-1436PBAB (400nsec) Sprague/Goodman

TOKO America, Inc. 134 Fulton Ave.

Corporate Headquarters Garden City Pk, NY 11040

1250 Feehanville Drive (516)746-1385 FAX:(516)746-1396

Mount Prospect, IL 60056

(708)297-0070 FAX:(708)699-7864 Potentiometers:
Inductors: 3321+R (10K)
Murata-Erie
RC-875/122J-50 (1.2mH) 2200 Lake Park
Sumida Electric Co., Ltd. Smyrna, GA 30080
USA Head Office (404)436-1300 FAX:(404)436-3030
637 East Golf Road
Suite 209 EVM-SOGAO01B14 (10K)
Arlmgton Hexghts , IL 60005 Panasonic
(708)956-0666 FAX:(708)956-0702 Box 511

Secaucus, NJ 07096
B230-52 (22uH) (201)348.5266 FAX:(201)392-4782
J.W. Miller
306 E. Alondra Blvd. atrl .
Gardena, CA 90247-1059 Distributors:

(213)515-1720 FAX:(213)515-1962

Digi-Key
701 Brook Ave South
Crystals: Thief River Falls, MN 56701
(800)344-4539
143-20 (14.31818 MHz), 0368 (3.579545 MHz)
Fox Electronics
5570 Enterprise Parkway

Fort Myers, FL 33905
(813)693-0099 FAX:(813)693-1554
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Theory of Operation for a GSP500 Circuit Operating
the VGA display at 2xNTSC Frequency

Introduction

In its minimal configuration the GSP500 with a VGA control-
ler chip puts out both RGB to a VGA monitor and composite
video in the NTSC format. However, due to the fact that NTSC
video is interlaced, the minimal configuration requires that the
VGA controller be programmed for interlaced operation; this
allows the same RAMDAC to be used for both the VGA and
the NTSC outputs (of course the NTSC output also must be
encoded). Unfortunately, the VGA picture is somewhat de-
graded by interlacing - and even worse, some VGA monitors
won’t lock up to the interlaced signal. If this situation is not
acceptable, a solution is available that only requires a few
additional parts at minimal cost.

Block Diagram

The solution is to run the VGA circuitry at exactly twice the
NTSC rate and in a non-interlaced mode. This preserves the
full quality of the VGA display while the VGA is still being
gen-locked to an external NTSC signal. Of course, now that
the VGA RAMDAC is running at a higher speed, another
RAMDAC will be required which runs at the NTSC rate. Also,
some means will be required to accept the fast data rate VGA
output and put out the slower rate NTSC data. Under these
circumstances, the VGA circuitry will be producing twice as
much data as can be displayed in NTSC and therefore some of
it will have to be discarded. All of the VGA lines are used in
the NTSC frame, but each line is only used for every other
NTSC field. In other words all the odd numbered VGA lines
may be output to NTSC field 1 and all the even numbered VGA
lines may be output to NTSC field 2 while both odd and even
numbered lines are put out to the VGA display in every vertical
period. The VGA frame rate is then the same as the NTSC field
rate; the NTSC field simply has half as many horizontal lines.

Application Circuit

R
RAMDAC S 6
>B
To VGA
monitor
T ]
uffer
8 Data // ;F\i [
A in M
Video / Read Clock D
Data Write Clock é
GSP500
NTSC +2
Rate
H SYNC W
(15.734 KHz) Cont.
3 3/ R G,B
Dot Clock + 7
Tﬁ 2X
VGA VGAHSYNGY . » NTSC Composite
Controller 31.468 KHz Logic coder > Video
Output
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One possible implementation of this idea is shown in the
accompanying schematic. Only the additional circuitry re-
quired for the 2 x NTSC enhancement is shown. Following is
a detailed description of the operation of the circuit; please
refer to the schematic as you read it.

USB divides the frequency of the VGA HSync signal VHS by
two, producing a 50% duty cycle square wave with a frequency
of 15.734 kHz. This signal essentially becomes the Write
Enable signal at U4 pin 22 and is also sent to the GSP500 pin
60 as the Horizontal Sync signal. Note that the addition of a
divide by 2 in the overall loop which the GSP500 controls
forces the VGA chip to clock at twice the rate that it otherwise
would, producing a VGA HSync frequency of 31.468 kHz.

U7 is a line buffer memory which can hold up to 910 pixels
with a width of 8 bits; it has individual write and read clocks
with associated address pointers. Programmable logic device
U4 provides a write enable and pointer reset signals to the line
memory. Note that the write clock to U7 (pin 17) is the same
rate as the VGA pixel clock; therefore every VGA pixel will
be written in to the memory when write enable (pin 20) is active
(low). The write enable is only active for every other line,
however, since it is frequency divided by 2 from the VGA
HSync as previously noted. This essentially discards half the
VGA lines each NTSC field, by virtue of the fact that they are
not written into memory. The time to write a complete line
into memory is 1 VGA line time or 31.778us. The read clock
for U7 is simply the write clock frequency divided by 2 by
USA. Thus to read all the pixels out of the memory will require
twice as long as to write them, or 63.557pus. This is the length
of an NTSC line. Therefore, over the span of 2 VGA lines, 1
VGA line is written and 1 NTSC line is read, although the
writing takes place at twice the NTSC rate.

Data read out from U7 at NTSC rate is fed to RAMDAC Ul,
which has its control lines paralleled across the main VGA
RAMDAC, except that the active low read enable (pin 6) is
permanently disabled by tying it to +5V. In this way anything
written to the VGA RAMDAC (such as changes to the palette)
will also be written to U1, but any reads will not cause a conflict
with the main VGA RAMDAC. The analog RGB outputs of
Ul are sent to the NTSC encoder to produce a composite video
output. U3 provides a reference for the RAMDAC. Instead of
a reference for each RAMDAC, it may be possible to use 1
voltage reference for both RAMDAC S in the system if they can
be configured to use a voltage reference as shown in the
schematic.

Further Enhancement

Although the VGA at 2xNTSC enhancement is better than the
minimal GSP500 configuration, it is still less than ideal with

respect to the NTSC picture quality. It is probably intuitively
obvious to most people that throwing away half the VGA data
will result in a loss of picture quality on the NTSC output. The
practically observed result of this is what is generally known
as "flicker", and it should be noted that this problem plagues
all scan converters and VGA-to-NTSC boards. It is worst
when there is a lot of detail along the vertical axis of the VGA
image. The most annoying example is probably a thin, bright
white horizontal line made up of a single line on the VGA
display. For an example case, imagine that line 100 of the
VGA display contains the white line and the rest of the display
is black. Then the white line would appear somewhere around
line 50 of field 2 in the NTSC output, but not at all on field 1.
The result will be a flashing of the line with a period of 33.33
ms (due to 30Hz frame rate). This is visually very noticeable
and irritating. Because of this, many scan converters and
VGA-to-NTSC boards have a "flicker filter." Interestingly,
most flicker filters can be turned off, indicating that they are
less than desirable in some situations.

A discussion of flicker filtering and how to implement it with
the GSP500 will be the subject of another application note.
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CRTC Registers

VIDEO MODES
INDEX REGISTER
00 01 02 03 04 05 06 07 0D | OE OF 10 11 12 13 Hk
00 HT 35 35 6B | 6B 35 35 62 6C 35 62 62 62 62 62 62 62
01 HDE 27 27 4F 4F 27 27 4F 4F 27 4F 4F 4F | 4F 4F | 04 | 4F
02 SHB 2A 28 57 57 | 2A | 2A | 50 54 | 2A 50 50 50 50 50 50 50
03 EHB 95 96 8B | 8B L 96 L 96 \ 85 8B 9% 85 85 85 84 84 85 84
04 SHR 2E | 2E | 5D | 5D J 2F 2F J 58 SD | 2F 58 58 58 54 57 58 57
05 EHR A0 | A0 | 8C | 8C L 80 80 L9B ‘ 83 80 9B | 9B 9B 82 82 | 9B 82
06 VT OB | OB | 0B | OB } OB | OB | OB LOB OB | OB | OB | OB | OB | OB | OB | OB
07 OVERFLOW 3E 3E 3E 3E l 3E 3E 3E l 3E 3E 3E | 3E 3E | 3E | 3E | 3E | 3E
08 PRS 00 00 00 00 ) 00 00 00 } 00 00 00 00 00 00 00 00 00
09 MSL 4F | 4F | 4F 4F [ Cl1 Cl1 Cl l 4F | CO | CO 40 40 40 40 | CO | 40
VIDEO MODES
INDEX REGISTER
00 o1 02 03 04 05 06 07 0D | OE OF 10 11 12 13 ok
0A Ccs OD | OD | OD | 0D 00 00 00 | OD | 00 00 00 00 00 00 00 00
0B CE OE | OE | OE | OE 00 00 00 OE 00 00 00 00 00 00 00 00
0oC SAH 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0D SAL 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
OE CLH | 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
OF CLL 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
VIDEO MODES
INDEX REGISTER
00 01 02 03 m 05 06 07 0D | OE OF 10 11 12 13 *
10 VRS BE | BE | BE | BE | C5 L C5 | C5 | BE | C5 | C5 | A7 | A7 | F4 F4 | C5 | EF
11 VRE 22 22 22 22 88 L 88 88 82 88 88 8B 8B 87 87 88 87
12 VDE 8F 8F 8F 8F 8F t 8F 8F 8F 8F 8F | 5D | 5D | DF | DF | 8F | DF
13 OFFSET 14 14 28 28 14 1 14 28 28 14 28 28 28 28 28 28 50
14 UNDERLINE IF IF IF IF 00 [ 00 00 IF 00 00 OF OF 00 00 40 60
15 SVB B8 | B8 | B8 | B8 | C2 ‘ C2 | C2 | B8 | C2 | C2 9F 9F | EO | EO | C2 | EO
16 EVB E3 E3 E3 E3 05 ( 05 05 E3 05 05 | CA | CA | OC | OC 05 0oC
17 MC A3 | A3 | A3 | A3 | A2 L A2 | C2 | A3 | E3 E3 E3 E3 E3 | E3 | A3 | AB
18 LC FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF
* INTERLACE

* = Interlace Bit must be turned off for all modes

General Register

VIDEO MODES
INDEX REGISTER
00 01 02 03 ! 04 05 06 07 0D OE OF 10 11 12 13 wE
00 MISC OUT # # # #i # # # @ # # @ # # # # #
# @
23 = GenLock (GL) 22 = GenLock (GL)
27 = OVerlay (OV) 26 = OVerlay (OV)
2B = Video Only (VO) 2A = Video Only (VO)

2F = Graphics Only (GO) 2E = Graphics Only (GO)
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Sequence Registers

INDEX

REGISTER

VIDEO MODES

01

02

03

05

06

07

0D

OE

OF

11

#x

00

CLK MODE

09

09

4]

01

09

09

01

00

09

01

01

01

01

01

01

01

** = 640 x 480 x 256 colors

Source Code for PLD U4 (GAL20V8) in CUPL™ Language

Name
Partno
Date
Revision
Designer
Company
Assembly
Location

2ntsc;
XXXXX;

12/07/92 02:12pm;

02;

Todd K. Moyer;

Integrated Circuit Systems;

XXXXX;
XXXXX;

/

*

/*VGA @ 2xNTSC rate controller

/*

/*

/ /
/*

/* Allowable Target Device Types: g20v8

/*

/ /

/** Inputs **/

Pin 1
Pin 2

Pin 12
Pin 13
Pin 24

clock

GND
IOE
VCC

/** Outputs **/

Pin [15..18]
Pin 19
Pin 20
Pin 21
Pin 22

[HSN_SO0..3];
lline_start;
lwrite_enable_B;
lwrite_enable_A;
lwrite_enable;

h_sync_NTéC ;

/* VGA p-clock

/*

/* used by state machine

/* pointer reset line mem, act lo
/* not used by 2xNTSC
/* not used by 2xNTSC

/*

/** Declarations and Intermediate Variable Definitions **/

Field

State_HSync

/** Logic Equations **/

= [HSN_S0..3];

*/
*/
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/** State machine definition **/
Sequence State_HSync

{
present 0
sosee if h_sync_NTSC next 1
out line_start out line_startAB
out write_enable out write_enable_A;
if Ih_sync_NTSC next 0
out write_enable;
present 1
if h_sync_NTSC next 2
out line_start out line_startAB
out write_enable out write_enable_A,;
if h_sync_NTSC next 0;
present 2
if h_sync_NTSC next 3
out line_start out line_startAB
out write_enable out write_enable_A,;
if Ih_synch_NTSC next 0;
present 3
if Ih_sync_NTSC next 4;
/* out write_enable; */
if h_sync_NTSC next 3
out write_enable_A;
present 4
if Ih_sync_NTSC next A;
if h_sync_NTSC next 3;
present A
if Ih_sync_NTSC next 5;
if h_sync_NTSC next 3;
present 5
if h_sync_NTSC next 6
out line_start out line_startAB
out write_enable out write_enable_B;
if 'h_sync_NTSC next 5
out write_enable;
present 6
if h_sync_NTSC next 7
out line_start out line_startAB
out write_enable out write_enable_B;
if Ih_sync_NTSC next 5;
present 7
if h_sync_NTSC next 8
out line_start out line_startAB
out write_enable out write_enable_B;
if Ih_sync_NTSC next 5;
present 8
if h_sync_NTSC next 9;
/* out write_enable; */
if h_sync_NTSC next 8
out write_enable_B;
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present 9

present B

present C
present D
present E

present F

Bill of Materials for 2xNTSC

if Ih_sync_NTSC next B;

if h_sync_NTSC next 8;

if th_sync_NTSC next O;
if h_sync_NTSC next 8;

next O;
next O;
next O;

next O;

Item Qty Part Name Description Manufacturer
1 1 74HCO04 HEX INVERTER Motorola
2 1 74HC74 DUAL D FLIP FLOP Motorola
3 1 SC11483CV RAM-DAC Sierra
4 1 GAL20V8 PLD Lattice
5 1 LM317 Adjustable Regulator National
6 1 UPD42101 910x8 FIFO NEC
7 7 CAP .1QF Cap
8 1 R1/4W 240 ohm
9 1 R1/4W 150 ohm

10 3 R1/4W 24 ohm
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Application Note

Flicker Reduction Circuit for use with the GSP500

Introduction

Although a minimal configuration GSP500 VGA/NTSC sys-
tem uses all of the lines of the graphics image to generate
the NTSC picture, the resulting NTSC display is not (and
cannot be) as good as the original VG A display. Despite the
fact that all the lines are used, on the standard non-inter-
laced VGA display everyline is used for every vertical period
of about 16.7 ms, while it takes twice as long to put out all
the lines to the NTSC picture (33.33 ms). This is accom-
plished in practice by one of two ways: 1) interlacing the
VGA (slowing it down to NTSC rates), or 2) using odd
numbered lines for odd NTSC fields and even numbered
lines for even fields, essentially discarding half the lines that
are output from the VGA (see the Application Note,
ANS502: Theory of Operation for a GSP500 Circuit Operating
the VGA Display at 2 x NTSC Frequency). It is probably
intuitively obvious that either slowing the VGA down or
throwing away half the VGA data will result in the NTSC
output looking less pleasing than the standard VG A display.
The practically observed result of this is what is generally
known as "flicker", and it should be noted that this problem
plagues all scan converters and VGA-to-NTSC boards; it is
a fundamental limitation of the NTSC standard. It is worst
when there is alot of detail along the vertical axis ofthe VGA
image. The most annoying example is a thin, bright white
horizontal line made up of a single line on the VGA display.
For an example case, imagine that line 100 of the VGA
display contains the white line and the rest of the display is
black. Then the white line would appear somewhere around
line 50 of field 2 in the NTSC output, but not at all on field
1. The result will be a flashing of the line with a period of
33.33 ms (reciprocal of the 30 Hz frame rate). This is very
noticeable and quite irritating to the eye.

Knowing that displaying a VG A image on an NTSC monitor
is at best a compromise, we would at least like to achieve the
best possible performance from the conversion. Because of
this, most scan converters and VGA-to-NTSC boards have
a "flicker filter". It is enlightening to note that most flicker
filters can be turned off, indicating that they are less than
desirable in some situations. In fact they reduce the spatial
"bandwidth" in the vertical direction, or in other words
reduce the vertical resolution. A particularly simple and
effective flicker reduction scheme (which can be imple-
mented in software) is to repeat every other VGA line in
both fields of the NTSC signal. This method, however,
requires that half the VGA lines never get to the NTSC
display; in other words the vertical resolution is cut in half.

A single horizontal line in the VGA image has only a 50/50
chance of being displayed in NTSC, depending on which line
number it appears on. Obviously, this method leaves a lot
to be desired, since some details in the VGA image can be
completelyabsent from the NTSC signal; most people would
judge it unacceptable.

You can get a feel for how a better typical flicker filter works
by thinking about the example above of a single white hori-
zontal line on scan line 50 of field 2. Imagine "spreading"the
line so that some of it spills into the scan lines adjacent to
the original line. In an interlaced system such as NTSC this
means reducing the brightness of line 50 of field 2 (thereby
making it gray), and putting some darker shade of gray into
lines 50 and 51 of field 1, which are above and below line 50
of field 2, respectively, once the complete frame has been
scanned. If done properly, in the right proportions, and
viewed from a sufficient distance, the new wide line looks to
be of the same brightness as the original single white line.
This can significantly reduce the flicker, since there is no
longer the situation of black on field 1 and white on field 2
rapidly alternating. However, as you can imagine, any rapid
vertical transitions would also become smeared or blurred
with such a scheme. The typical complaint is that when
trying to display text on an NTSC display, a flicker filter will
make the text less readable (if it remains readable at all).
This type of flicker reduction works best if only the lumi-
nance portion of the signal is filtered, since the mixing of
several VGA lines to make one NTSC line can significantly
change the saturation and hue of the color displayed, seri-
ously altering the picture when compared with the VGA
display. It is primarily changes in luminance level that cause
flicker, so that leaving the chrominance portion of the signal
unchanged does not seriously degrade the flicker reduction
that is achieved, while it does tend to preserve the look of
the image.

To boil all this down, there is a trade-off between flicker
reduction and vertical resolution, and it bears repeating that
it is a practical impossibility to make an NTSC image look
just as good as a high resolution VGA image. To try and
work around this trade-off, some sophisticated flicker filters
are "adaptive", which essentially means that they will dy-
namically turn themselves on when especially needed to
reduce flicker and off when the loss of vertical resolution is
especially detrimental. Predictably, this approach is rather
expensive and takes up a lot of circuit board space, at least
until the time when this function is incorporated into a
monolithic integrated circuit. At any rate, a flicker filter of
the more basic varietyis presented here for use with GSP500
applications.
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Application Circuit

In the accompanying schematic and block diagram an im-
plementation of a simple luminance-only flicker filter which
works with the GSP500in a VG A-to-NTSC system is shown.
The schematic details only the portion of the system specific
to the flicker filter function, since the VGA portion will vary
depending on the VGA chip used. Please refer to the
schematic when reading the following detailed circuit de-
scription.

U8B divides the frequency of the VGA_HSYNC signal VHS
by two, producing a 50% duty cycle square wave with a
frequency of 15.734 kHz. This signal essentially becomes
the Write Enable signal at U5 pin 22 and is also sent to the
GSP500 pin 60 as the Horizontal Sync signal
NTSC_RATE_HS. Note that the addition of a divide by 2
in the overall loop which the GSP500 controls forces the
VGA chip to clock at twice the rate that it otherwise would,
producing a VGA HSync frequency of 31.468 kHz.

U2 is a line buffer memory which can hold up to 910 pixels
with a width of 8 bits; it has individual write and read clocks
with associated address pointers. Programmable logic de-
vice US provides a write enable and pointer reset signals to
the line memory. Note that the write clock to U2 (pin 17) is
the same rate as the VGA pixel clock; therefore every VGA
pixel will be written in to the memory when write enable (pin
20) is active (low). The write enable is only active for every
other line, however, since it is frequency divided by 2 from
the VGA HSync as previously noted. This essentially dis-
cards half the VGA lines each NTSC field, by virtue of the
fact that they are not written into memory. The time to
write a complete line into memory is 1 VGA line time or
31.778us. The read clock for U2 is simply the write clock
frequency divided by 2 by U8A. Thus, to read all the pixels
out of the memory will require twice as long as to write them,
or 63.557us. This is the length of an NTSC line. Therefore,
over the span of 2 VGA lines, 1 VGA line is written and 1
NTSC line is read, although the writing takes place at twice
the rate.

Data read out from U2 at NTSC rate is fed to RAMDAC
U9, which has its control lines paralleled across the main
VGA RAMDAC, except that the active low read enable
(pin 6) is permanently disabled by tying it to + 5V. In this
way anything written to the VGA RAMDAC (such as
changes to the palette) will also be written to U9, but any
reads will not cause a conflict with the main VGA RAM-
DAC. The analog RGB outputs of U9 are sent to the NTSC
encoder to produce the chrominance component of the
composite video output. U6 provides the required voltage
reference to U9. Also, the RGB outputs from U9 are
combined by resistor matrix in the right proportions to
create a luminance signal which can be summed with the
adjacent lines’ luminance signals, thereby spatially lowpass
filtering the luminance signal in the vertical dimension.

Up to this point the circuitry described is basically the same
as is required to make the VGA run at 2 x NTSC rates (see
the Application Note ANS502: Theory of Operation for a
GSP500 Circuit Operating the VGA Display at 2 x NTSC
Frequency). Note that there are an additional 2 line buffers
(U3 and U4), 2 RAMDACs (U10 and U1), and 2 current
references (U7A,Q1, and Q2). The additional 2 line buffers
store the VGA lines before and after the current line being
output via U2 and U9. The RGB current outputs from the
RAMDACs U10 and U1 are connected together, summing
the two sets of RGB currents together. The combined RGB
signals from U 10 and U1 are then matrixed together in the
proper proportions to produce an adjacent-lines luminance
signal. This signal amplitude is independent of the main
luminance signal so that the ratio of adjacent line to main
line luminance can be set to any desired value, primarily by
adjusting R 1, which controls the reference currentsinto U 10
and Ul.
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Figure 1

The two luminance signals are connected together, summing
them at the input to amplifier U11. U11 then makes up for
the resistive losses in the RGB matrices and drives the
luminance delay line, whose output is the luminance com-
ponent of the encoded composite signal. Most encoders
have a luminance output and input which allows for an
external delay line; not using the output provided while
driving the input with an alternate luminance signal of the
right amplitude, delay, and polarity allows convenient sum-
ming with the chrominance signal generated by the encoder
to create the composite video signal.

WE-U2 |

WE-U3

Programmable logic chip U5 controls the writing of VGA
lines into the line buffers such that U2 receives every other
line, U3 receives every fourth line, and U4 receives every
fourth line, as shown by the timing diagram in Figure 2. Note
that only one line buffer is write enabled at a time and every
line is written to a line buffer. With this scheme U2 always
contains the main VGA line which is going out to the NTSC
encoder, while U3 and U4 contain the lines adjacent to the
main line. The CUPL™ language source code for PLD U5
is included later in this note.

A N S
i

L

WE-U4 |
?1\'/7972”31\15 ‘—ﬂl (

63.556 US |
1 NTSC LINE )

I

Figure 2
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All of the line buffers are continuously read enabled, such
that the RGB signal output to the encoder is a combination
of the main line and the 2 adjacent line signals. U7A, Q1,
and Q2 make up a dual matched current reference for
RAMDACs U10 and Ul. The amplitude of the adjacent
line video signals summed in with the main line is adjustable
with R1; the optimum value could be determined so that R1
could be replaced with a fixed divider to save the cost of the
trimmer. The amplitude of the main line video signal is
controllable by the value of R6if it is necessary to adjust the
proportion of the main line signal that gets summed into the
final output. The relative weight of the 2 adjacent line signals
in the output is the same due to the matching of the current
references into U 10 and U1; this should be best for most
applications since it is symmetrical about the main line.

The luminance amplitude is controllable by varying the gain
of U11 (set by the value of R22); this should normally be set
so that luminance levels on any given line are somewhat
lower than they would be without filtering. An optional
feature shown in the schematic is the ability to switch off the
flicker filtering with an I/O bit. Switches Q3 and Q4 turn on
when the filter is disabled. In this state Q3 cuts the reference
current into U10 and U1, thereby turning off the adjacent
line luminance; while Q4 boosts the gain of U1l (by an
amount set by R23) to what it should normally be without
flicker reduction.

Since when a large area of high luminance level occurs, the
video output could exceed the maximum allowed voltage, Q5
and Q6 are used as a positive luminance peak clipper. R27
can be set so that the peak luminance level at the final video
output is 714 mV.

BIOS

The video BIOS for the circuit presented here will have to
be modified from the typical GSP500 VGA/NTSC system;
therefore, register setups for various video modes are given
in several tables later in this note.
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FROM VGA
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COLOR COMPARE CIRCUIT - (COLORKEYO 7)

TO GENERATE KEY SIGNAL
PARALLEL ACROSS MAIN
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Flicker Filter Circuit for GSP500

Figure 3 - Flicker Filter Top Level Schematic
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8 BIT VIDEO DATA FROM VGA
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Figure 5 - Flicker Filter Analog Processing
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VIDEO MODES
INDEX REGISTER
00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | OD | OE | OF | 10 | 11 | 12 | 13 | *x
00 HT 35 | 35 | 6B | 6B | 35 | 35 | 62 | 6C | 35 | 62 | 62 | 62 | 62 | 62 | 62 | 62
01 HDE 27 | 27 | 4F | 4F | 27 | 27 | 4F | 4F | 27 | 4F | 4F | 4F | 4F | 4F | 04 | 4F
02 SHB 2A 28 57 57 2A 2A 50 54 2A 50 50 50 50 50 50 50
03 EHB 95 96 8B 8B 96 96 85 8B 96 85 85 85 84 84 85 84
04 SHR 2E | 2E | SD | 5D | 2F | 2F | 58 | 5D | 2F | 58 | 58 | 58 | 54 | 57 | 58 | 57
05 EHR A0 | A0 | 8C | 8C | 8 | 8 | 9B | 83 | 80 | 9B | 9B | 9B | 82 | 82 | 9B | 8
06 VT OB | OB | OB | OB | OB | 0B | OB | OB | OB | OB | OB | OB | OB | OB | OB | OB
07 OVERFLOW 3E | 3B | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E
08 PRS 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
09 MSL 4F | 4F | 4F | 4F | CI | Cl [ Cl | 4F | CO | CO | 40 | 40 | 40 | 40 | CO | 40
VIDEO MODES
INDEX REGISTER
00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | OD | OE | OF | 10 | 11 | 12 | 13 | #**
0A [ oD | oD | oD | oD | 00 | 00 | 00 | oD | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
0B CE OE OE OE OE 00 00 00 OE 00 00 00 00 00 00 00 00
0C SAH 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0D SAL 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
OE CLH 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
OF CLL 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
VIDEO MODES
INDEX REGISTER
00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | OD | OE | OF | 10 | 11 | 12 | 13 | **
10 VRS BE | BE | BE | BE | C5 | C5 | C5 | BE | C5 | C5 | A7 | A7 | F4 | F4 | C5 | EF
11 VRE 22 | 22 | 22 | 22 | 8 | 8 | 88 | 82 | 88 | 8 | 8B | 8B | 87 | 87 | 8 | 87
12 VDE 8F | 8F | 8F | 8F | 8F | 8F | 8F | 8F | 8F | 8F | 5D | 5D | DF | DF | 8F | DF
13 OFFSET 14 | 14 | 28 | 28 | 14 | 14 | 28 | 28 | 14 | 28 | 28 | 28 | 28 | 28 | 28 | 50
14 UNDERLINE IF | 1F | 1F | 1F | 00 | 00 | 00 | IF | 00 | 00 | OF | OF | 00 | 00 | 40 | 60
15 SVB BS | B§ | B8 | B8 | C2 | C2 | C2 | B8 | C2 | C2| 9 | 9 | EO | EO | c2 | EO
16 EVB E3 | E3 | E3 | B3 | 05 | 05 | 05 | E3 | 05 | 05 |cA | cA | oc | oCc | 05 | OC
17 MC A3 | A3 | A3 | A3 | A2 | A2 | C2 | A3 | E3 | E3 | E3 | E3 | E3 | E3 | A3 | AB
18 LC FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF
* INTERLACE
* = Interlace Bit must be turned off for all modes
General Register
VIDEO MODES
INDEX REGISTER
00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | OD | OE | OF | 10 | 11 | 12 | 13 | **
00 MISC OUT # # # # # # # @ | # # @ | # # # # #
# @

23 = GenLock (GL)
27 = OVerlay (OV)

2B = Video Only (VO)

2F = Graphics Only (GO)

22 = GenLock (GL)
26 = OVerlay (OV)
2A = Video Only (VO)
2E = Graphics Only (GO)
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Sequence Registers

VIDEO MODES
INDEX REGISTER
00 01 02 03 04 05 06 07 | OD | OE OF 10 11 12 13 *E
00 CLKMODE 09 09 01 01 09 09 01 00 09 01 01 01 01 01 01 01

** = 640 x 480 x 256 colors

Source Code for PLD U5 (GAL20V8) in CUPL™ Language

Name ff;
Partno ff01;
Date 1/20/93;
Revision 01;

Designer Todd K. Moyer;
Company Integrated Circuit Systems;
Assembly Flicker Filter;

Location Us;

/**‘k********************************************************************/
/* */
/* VGA @ 2xNTSC rate controller with basic line flicker filtering */
I */
I */
/***************k**t*******1(*****************************************‘k**/
I */
/* Allowable Target Device Types: g20v8 */
/ */

/**u**n**********-k******************************************************/

/** Inputs **/

Pin 1 = clock ; /* VGA PCLK signal */
Pin 2 = h_sync_NTSC; /* */
Pin 12 = GND ;

Pin 13 = I0E ;

Pin 24 = VCC H

/** Outputs **/

Pin [15..18] = [HSN_S0..3]; /* used by state machine */
Pin 19 = lline_star; /* pointer reset line mem, act lo */
Pin 20 = lwrite_enable_B; /* */
Pin 21 = lwrite_enable_A; /* */
Pin 22 = lwrite_enable; I */

/** Declarations and Intermediate Variable Definitions **/
Field  State_HSync = [HSN_S0..3];

/** Logic Equations **/

128



AN503 n

/** State machine definition **/

Sequence State_HSync
{
present O
if h_sync_NTSC next 1
out line_start out line_startAB
out write_enable out write_enable_A;
if Ih_sync_NTSC next 0
out write_enable;
present 1
if h_sync_NTSC next 2
out line_start out line_startAB
out write_enable out write_enable_A;
if th_sync_NTSC next 0O;
present 2
if h_sync_NTSC next 3
out line_start out line_startAB
out write_enable out write_enable_A;
if lh_synch_NTSC next 0;
present 3
if th_sync_NTSC next 4;
/* out write_enable; */
if h_sync_NTSC next 3
out write_enable_A;
present 4
if th_sync_NTSC next A;
if h_sync_NTSC next 3;
present A
if Ih_sync_NTSC next 5;
if h_sync_NTSC next 3;
present 5
if h_sync_NTSC next 6
out line_start out line_startAB
out write_enable out write_enable_B;
if 'h_sync_NTSC next 5
out write_enable;
present 6
if h_sync_NTSC next 7
out line_start out line_startAB
out write_enable out write_enable_B;
if 'h_sync_NTSC next 5;
present 7
if h_sync_NTSC next 8
out line_start out line_startAB
out write_enable out write_enable_B;
if Ih_sync_NTSC next 5;
present 8
if Ih_sync_NTSC next 9;
/* out write_enable; */
if h_sync_NTSC next 8
out write_enable_B;
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present 9

present B

present C

present D

present E

present F

if 'h_sync_NTSC next B;
if h_sync_NTSC next 8;

if Ih_sync_NTSC next 0;
if h_sync_NTSC next 8;
next 0;

next O;

next O;

next 0O;

Bill of Materials

Item Qty Reference Part Item Qty Reference Part

1 15 |C1,C2,C3,C5,C6,C7, AuF 15 2 R15,R18 8.2K
g?fg’l 4C,1((:)1 g,lél 602’ 16 2 |R16,R19 43K

N 1 ca 10uF 17 2 R17,R20 22K
3 1 DL1 400 ns 18 1 R22 680
4 2 loLQ2 IN3904 19 2  |R25,R26 1.2K
p 2 103.04 VN2 20 1 R29 4.7K
6 > |os.06 AN3906 21 3 |ULU9,UI10 SC11483CV
7 5 R1,R14,R21,R23,R24 1K 22 3 U2,U3, U4 UPD42101
s 1 R2 120 23 1 U5 GAL20V8
9 1 R3 100 24 1 U6 LM317
10 2 |R4,R5 121 23 1 U7 TLOT2
1 | R6 150 26 1 U8 74HC74
12 3 R7,R8,R9 47 z ! ult ADS8I1
13 3 R10,R11,R12 33
14 3 |R13,R27,R28 200
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Application Note

Theory of Operation for a GSP600 Circuit Operating
the VGA Display at 2xPAL Frequency

Introduction

In its minimal configuration the GSP600 with a VGA con-
troller chip puts out both RGB to a VGA monitor and
composite video in the PAL format. However, due to the
fact that PAL video is interlaced, the minimal configuration
requires that the VGA controller be programmed for inter-
laced operation; this allows the same RAMDAC™ to be
used for both the VGA and the PAL outputs (of course the
PAL output also must be encoded). Unfortunately, the
VGA picture is somewhat degraded by interlacing - and
even worse, some VGA monitors won’t lock up to the inter-
laced signal. If this situation is not acceptable, a solution is
available that onlyrequires a few additional parts at minimal
cost.

Block Diagram

The solution is to run the VGA circuitry at exactly twice the
PAL rate and in a non-interlaced mode. This preserves the
full quality of the VGA display while the VGA is still being
gen-locked to an external PAL signal. Of course, now that
the VGA RAMDAC is running at a higher speed, another
RAMDAC will be required which runs at the PAL rate.
Also, some means will be required to accept the fast data
rate VGA output and put out the slower rate PAL data.
Under these circumstances, the VGA circuitry will be pro-
ducing twice as much data as can be displayed in PAL and
therefore some of it will have to be discarded. All of the
VGA lines are used in the PAL frame, but each line is only
used for every other PAL field. In other words all the odd
numbered VGA lines may be output to PAL field 1 and all
the even numbered VGA lines may be output to PAL field
2 while both odd and even numbered lines are put out to the
VGA display in every vertical period. The VGA frame rate
is then the same as the PAL field rate; the PAL field simply
has half as many horizontal lines.
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Application Circuit

One possible implementation of this idea is shown in the
accompanying schematic. Only the additional circuitry re-
quired for the 2xPAL enhancement is shown. Following is a
detailed description of the operation of the circuit; please
refer to the schematic as you read 1t.

US5B divides the frequency of the VGA HSync signal VHS
by two, producing a 50% duty cycle square wave with a
frequency of 15.625 kH z. This signal essentially becomes the
Write Enable signal at U4 pin 22 and is also sent to the
GSP600 pin 60 as the Horizontal Sync signal. Note that the
addition ofa divide by 2 in the overall loop which the GSP600
controls forces the VGA chip to clock at twice the rate that
it otherwise would, producing a VGA HSync frequency of
31.650 kHz.

U7 is a line buffer memory which can hold up to 910 pixels
with a width of 8 bits; it has individual write and read clocks
with associated address pointers. Programmable logic de-
vice U4 provides a write enable and pointer reset signals to
the line memory. Note that the write clock to U7 (pin 17) is
the same rate as the VGA pixel clock; therefore every VGA
pixel will be written in to the memory when write enable (pin
20) is active (low). The write enable is only active for every
other line, however, since it is frequency divided by 2 from
the VGA HSync as previously noted. This essentially dis-
cards half the VGA lines each PAL field, by virtue of the
fact that they are not written into memory. The time to write
a complete line into memory is 1 VGA line time or 32.0us.
The read clock for U7 is simply the write clock frequency
divided by 2 by USA. Thus to read all the pixels out of the
memory will require twice as long as to write them, or 64.0ps.
This is the length of a PAL line. Therefore, over the span of
2 VGA lines, 1 VGA line is written and 1 PAL line is read,
although the writing takes place at twice the PAL rate.

Dataread out from U7 at PAL rate is fed to RAMDACUI,
which has its control lines paralleled across the main VGA
RAMDAC, except that the active low read enable (pin 6) is
permanently disabled by tying it to + 5V. In this way any-
thing written to the VGA RAMDAC (such as changes to
the palette) will also be written to U1, but any reads will not
cause a conflict with the main VGA RAMDAC. The analog
RGB outputs of U1 are sent to the PAL encoder to produce
a composite video output. U3 provides a reference for the
RAMDAC. Instead of a reference for each RAMDAUC, it
may be possible to use 1 voltage reference for both RAM-
DACsin the system if theycan be configured to use a voltage
reference as shown in the schematic.

Further Enhancement

Although the VGA at 2xPAL enhancement is better than
the minimal GSP600 configuration, it is still less than ideal
with respect to the PAL picture quality. It is probably
intuitively obvious to most people that throwing away half
the VGA data will result in a loss of picture quality on the
PAL output. The practically observed result of this is what
is generally known as "flicker", and it should be noted that
this problem plagues all scan converters and VGA-to-PAL
boards. It is worst when there is a lot of detail along the
vertical axis of the VG A image. The most annoying example
is probably a thin, bright white horizontal line made up of a
single line on the VGA display. For an example case, imag-
ine that line 100 of the VGA display contains the white line
and the rest of the displayis black. Then the white line would
appear somewhere around line 50 of field 2 in the PAL
output, but not at all on field 1. The result will be a flashing
of the line with a period of 40.0 ms (due to 25Hz frame rate).
This is visually very noticeable and irritating. Because of
this, many scan converters and VGA-to-PAL boards have a
"flicker filter." Interestingly, most flicker filters can be
turned off, indicating that they are less than desirable in
some situations.

A discussion of flicker filtering and how to implement it with
the GSP600 is the subject of Application Note AN603.
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CRTC Registers

VIDEO MODES
INDEX REGISTER
00 | or | o2 ] 03] 04 05| o6 | o7 oo oe]or 0] ] 2] 3] =
00 HT 35 | 35 | 6B | 6B | 35 | 35 | 62 | 6C |35 | 62 | 62 | 62 | 62 | 62 | 62 | 62
o1 HDE 27 | 27 | aF | ar | 27 | 27 [ aF | aF | 27 | aF [ aF | aF | 4F | 4F | 04 | aF
02 SHB 2A | 28 | 57 | 57 | 2a | 2a | 50 | 54 | 2A | 50 | 50 | 50 | 50 | 50 | 50 | s0
03 EHB 95 | 96 | 8B | 8B | 96 | 9 | 85 | 88 | 95 | 85 | 85 | 85 | 84 | 84 | 85 | g4
04 SHR 26 | 2B | sD | 5D | 2F | 2F | 58 | 5D | oF | 58 | 58 | 58 | 54 | 57 | s8 | 57
05 EHR A0 | A0 | 8c | 8c | 80 | 80 | 9B | 83 | 80 | 9B | 9B | 9B | 8 | 8 | 9B | 82
06 VT 0B | 0B | 0B | OB | 0B | OB | 0B | OB | OB | 0B | 0B | OB | 0B | OB | 0B | 0B
07 OVERFLOW 3E | 3E | 3E | 3B | 3E | 3E | 3E | 3E | 3B | 3E | 3B | 3B | 3E | 3B | 3E | 3E
08 PRS 00 | 00 | 00 | 00| 00 | 00| 00| 00 00| 00 00| 00 00 00] 00! 00
09 MsL aF | 4F | 4F | 4F | c1 | c1 | ci | 4F | co|col 40 40| 40 | 40| col
VIDEO MODES
INDEX REGISTER
00 | ot [ o2 0304 o5 o607 oo oe[or[10] it [ 12] 3]
0A cs oD | op | op | op | 00 | 00 | 0o [op [ 00 | 00 | 00 | 00 | 00| 00| 00| o0
0B CE 0E | 0E | 0E | 0E | 00 | 00 | 00 | o8 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
oc SAH 00 | 00 | 00 | 00 [ 00| 00 00| 00 00 00| 00| 00 00l 00 00/ 00
0D SAL 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | o0
OE CLH 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
OF CLL 00 | 00 | 00| 00 | 00 00 00l 00 00| o0 00 00/ 00 00] 00] o0
VIDEO MODES
INDEX REGISTER
00 | o1 [ o2 [ 03] 04 [ os o6 | o7 ool oe [ or][10] ][] 3]s
10 VRS BE | BE | BE | BE | C5 | C5 | C5 | BE | C5 | C5 | A7 | A7 | F4 | F4 | C5 | EF
1 VRE 2| 2| 2 | 22| 88 | 88 | 88 | 82 | 88 | 88 | 8B | 8B | 87 | 8 | 88 | 87
12 VDE S8F | 8F | 8F | 8F | 8F | 8F | 8F | 8F | 8F | 8F | 5D | 5D | DF | DF | 8F | DF
13 OFFSET 14 | 14 | 28 | 28 | 14| 14 | 28 | 28 | 14 | 28 | 28 | 28 | 28 | 28 | 28 | s0
14 UNDERLINE F | 1F | 1F | 1F | 00 | 00 | 00 | 1F | 00 | 00 | oF | oF | 00 | 00 | 40 | 60
15 SVB BS | BS | B8 | B8 | C2 | Cc2 | C2 | B8 | C2 | Cc2 | 9F | 9OF | EO | EO | C2 | Eo
16 EVB E3 | E3 | E3 | E3 | 05 | 05 | 05 | E3 | 05 | 05 | CA | CA | oc | oc | 05 | oc
17 MC A3 | A3 | A3 | A3 | A2 | A2 | Cc2 | A3 | E3 | E3 | E3 | E3 | E3 | E3 | A3 | AB
18 LC FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF | FF
: INTERLACE \

* = Interlace Bit must be turned off for all modes

General Register

VIDEO MODES
INDEX REGISTER
00 01 02 03 04 & 05 06 07 ‘ 0D OE OF 10 11 12 13 HE
00 MISC OUT # # # # # { # # @ I # # @ | # # # # #
# @
23= GenLock (GL) 22 = GenLock (GL)
27= OVerlay (OV) 26 = OVerlay (OV)

2B = Video Only (VO) 2A = Video Only (VO)
2F = Graphics Only (GO) 2E = Graphics Only (GO)
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Sequence Registers

VIDEO MODES
INDEX REGISTER
00 | o | 02| 03| o4 os ] 06| 07 ]op | oE | 0F | 10| 1n | 12 13]
00 CLK MODE 0 | 09 | o1 | o | 00 09| 01 | 00| 00 ot | 01 | o1 | ot | o] 0| o1

** = 640 x 480 x 256 colors

Source Code for PLD U4 (GAL20V8) in CUPL™ Language

Name 2PAL;

Partno XXXXX;

Date 12/07/92 02:12pm;

Revision 02;

Designer Todd K. Moyer;

Company Integrated Circuit Systems;

Assembly XXXXX;

Location XXX,
/*********************************************t*********************ﬁﬁt*/
/* */
/* VGA @ 2xPAL rate controller */

/* */
/* */
/**i******t************t*********ﬁ*****t-k**ii************t**************/
I */
/* Allowable Target Device Types: g20v8 */
/* *

/******x*****************************x**********************************/

/** Inputs **/

Pin 1 = clock ; /* VGA p-clock */
Pin 2 = h_sync_PAL; I */
Pin 12 = GND ;

Pin 13 = |IOE ;

Pin 24 = VCC ;

/** Qutputs **/

Pin [15..18] = [HSN_S0..3]; /* used by state machine */
Pin 19 = lline_start; /* pointer reset line mem, act lo */
Pin 20 = lwrite_enable_B; /* not used by 2xPAL */
Pin 21 = lwrite_enable_A;  /* not used by 2xPAL */
Pin 22 = lwrite_enable; / */

/** Declarations and Intermediate Variable Definitions **/
Field State_HSync = [HSN_S0..3];

/** Logic Equations **/

135



ANG602

/** State machine definition **/
Sequence State_HSync
{

present 0
if h_sync_PAL next 1
out line_start out line_startAB
out write_enable out write_enable_A;
if th_sync_PAL next 0
out write_enable;
present 1
if h_sync_PAL next 2
out line_start out line_startAB
out write_enable out write_enable_A;
if lh_sync_PAL next 0;
present 2
if h_sync_PAL next 3
out line_start out line_startAB
out write_enable out write_enable_A;
if h_synch_PAL next 0;
present 3
if h_sync_PAL next 4;
/* out write_enable; */
if h_sync_PAL next 3
out write_enable_A;
present 4
if 'h_sync_PAL next A;
if h_sync_PAL next 3;
present A
if h_sync_PAL next 5;
if h_sync_PAL next 3;
present 5
if h_sync_PAL next 6
out line_start out line_startAB
out write_enable out write_enable_B;
if th_sync_PAL next 5
out write_enable;
present 6
if h_sync_PAL next 7
out line_start out line_startAB
out write_enable out write_enable_B;
if lh_sync_PAL next 5;
present 7
if h_sync_PAL next 8
out line_start out line_startAB
out write_enable out write_enable_B;
if Th_sync_PAL next 5;
present 8
if 'h_sync_PAL next 9;
/* out write_enable; */
if h_sync_PAL next 8
out write_enable_B;
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present 9

present B

present C
present D
present E

present F

if lh_sync_PAL next B;
if h_sync_PAL next 8;

if 'h_sync_PAL next O;
if h_sync_PAL next 8;
next 0;

next 0;

next 0;

next O;

Bill of Materials

Item Qty Part Name Description Manufacturer
1 1 74HC04 HEX INVERTER Motorola
2 1 74HC74 DUAL D FLIP FLOP Motorola
3 1 SC11483CV RAM-DAC Sierra
4 1 GAL20V8 PLD Lattice
5 1 LM317 Adjustable Regulator National
6 1 UPD42101 910x8 FIFO NEC
7 7 CAP 1uF Cap
8 1 R1/4W 240 ohm
9 1 R1/4W 150 ohm

10 3 R1/4W 24 ohm
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Application Note

Flicker Reduction Circuit for use with the GSP600

Introduction

Although a minimal configuration GSP600 VGA/PAL sys-
tem uses all of the lines of the graphics image to generate
the PAL picture, the resulting PAL display is not (and
cannot be) as good as the original VG A display. Despite the
fact that all the lines are used, on the standard non-inter-
laced VGA display everyline is used for every vertical period
of about 20.0 ms, while it takes twice as long to put out all
the lines to the PAL picture (40 ms). This is accomplished
in practice by one of two ways: 1) interlacing the VGA
(slowing it down to PAL rates), or 2) using odd numbered
lines for odd PAL fields and even numbered lines for even
fields, essentially discarding half the lines that are output
from the VGA (see the Application Note AN602, Theory of
Operation for a GSP600 Circuit Operating the VGA Display
at2 x PAL Frequency). It is probably intuitively obvious that
either slowing the VGA down or throwing away half the
VGA data will result in the PAL output looking less pleasing
than the standard VGA display. The practically observed
result of this is what is generally known as "flicker", and it
should be noted that this problem plagues all scan convert-
ers and VGA-to-PAL boards; it is a fundamental limitation
of the PAL standard. It is worst when there is a lot of detail
along the vertical axis of the VGA image. The most annoy-
ing example is a thin, bright white horizontal line made up
of a single line on the VGA display. For an example case,
imagine that line 100 of the VG A display contains the white
line and the rest of the display is black. Then the white line
would appear somewhere around line 50 of field 2 in the
PAL output, but not at all on field 1. The result will be a
flashing of the line with a period of 40.0 ms (reciprocal of
the 25 Hz frame rate). This is very noticeable and quite
irritating to the eye.

Knowing that displaying a VGA image on an PAL monitor
is at best a compromise, we would at least like to achieve the
best possible performance from the conversion. Because of
this, most scan converters and VGA-to-PAL boards have a
"flicker filter." It is enlightening to note that most flicker
filters can be turned off, indicating that they are less than
desirable in some situations. In fact they reduce the spatial
"bandwidth" in the vertical direction, or in other words
reduce the vertical resolution. A particularly simple and
effective flicker reduction scheme (which can be imple-
mented in software) is to repeat every other VGA line in
both fields of the PAL signal. This method, however, re-
quires that half the VGA lines never get to the PAL display;
in other words, the vertical resolution is cut in half.

A single horizontal line in the VG A image has only a 50/50
chance of being displayed in PAL, depending on which line
number it appears on. Obviously, this method leaves a lot
to be desired, since some details in the VGA image can be
completely absent from the PAL signal; most people would
judge it unacceptable.

You can get a feel for how a better typical flicker filter works
by thinking about the example above of a single white hori-
zontal line on scan line 50 of field 2. Imagine "spreading"” the
line so that some of it spills into the scan lines adjacent to
the original line. In an interlaced system such as PAL this
means reducing the brightness of line 50 of field 2 (thereby
making it gray), and putting some darker shade of gray into
lines 50 and 51 of field 1, which are above and below line 50
of field 2, respectively, once the complete frame has been
scanned. If done properly, in the right proportions, and
viewed from a sufficient distance, the new wide line looks to
be of the same brightness as the original single white line.
This can significantly reduce the flicker, since there is no
longer the situation of black on field 1 and white on field 2
rapidly alternating. However, as you can imagine, any rapid
vertical transitions would also become smeared or blurred
with such a scheme. The typical complaint is that when
trying to display text on an PAL display, a flicker filter will
make the text less readable (if it remains readable at all).
This type of flicker reduction works best if only the lumi-
nance portion of the signal is filtered, since the mixing of
several VGA lines to make one PAL line can significantly
change the saturation and hue of the color displayed, seri-
ously altering the picture when compared with the VGA
display. It is primarily changes in luminance level that cause
flicker, so that leaving the chrominance portion of the signal
unchanged does not seriously degrade the flicker reduction
that is achieved, while it does tend to preserve the look of
the image.

To boil all this down, there is a trade-off between flicker
reduction and vertical resolution, and it bears repeating that
it is a practical impossibility to make an PAL image look just
as good as a high resolution VGA image. To try and work
around this trade-off, some sophisticated flicker filters are
"adaptive”, which essentially means that they will dynami-
cally turn themselves on when especially needed to reduce
flicker and off when the loss of vertical resolution is espe-
cially detrimental. Predictably, this approach is rather ex-
pensive and takes up a lot of circuit board space, at least
until the time when this function is incorporated into a
monolithic integrated circuit. At any rate, a flicker filter of
the more basic varietyis presented here for use with GSP600
applications.
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Application Circuit

In the accompanying schematic and block diagram an im-
plementation of a simple luminance-only flicker filter which
works with the GSP600 in a VGA-to-PAL system is shown.
The schematic details only the portion of the system specific
to the flicker filter function, since the VG A portion will vary
depending on the VGA chip used. Please refer to the
schematic when reading the following detailed circuit de-
scription.

U8B divides the frequency of the VGA_HSYNC signal VHS
by two, producing a 50% duty cycle square wave with a
frequency of 15.625 kHz. This signal essentially becomes
the Write Enable signal at US pin 22 and is also sent to the
GSP600 pin 60 as the Horizontal Sync signal
PAL_RATE_HS. Note that the addition of a divide by 2 in
the overall loop which the GSP600 controls forces the VGA
chip to clock at twice the rate that it otherwise would,
producing a VGA HSync frequency of 31.25 kHz.

U2 is a line buffer memory which can hold up to 910 pixels
with a width of 8 bits; it has individual write and read clocks
with associated address pointers. Programmable logic de-
vice U5 provides a write enable and pointer reset signals to
the line memory. Note that the write clock to U2 (pin 17) is
the same rate as the VG A pixel clock; therefore, every VGA
pixel will be written in to the memory when write enable (pin
20) is active (low). The write enable is only active for every
other line, however, since it is frequency divided by 2 from
the VGA HSync as previously noted. This essentially dis-
cards half the VGA lines each PAL field, by virtue of the
fact that they are not written into memory. The time to
write a complete line into memoryis 1 VGA line time or 32.0
ps. The read clock for U2 is simply the write clock fre-
quencydivided by2by U8A. Thus, to read all the pixels out
of the memory will require twice as long as to write them, or
64. us. This is the length of a PAL line. Therefore, over the
span of 2 VGA lines, 1 VGA line is written and 1 PAL line
is read, although the writing takes place at twice the rate.

Data read out from U2 at PAL rate is fed to RAMDAC U9,
which has its control lines paralleled across the main VGA
RAMDAC, except that the active low read enable (pin 6) is
permanently disabled by tying it to + 5V. In this way any-
thing written to the VGA RAMDAC (such as changes to
the palette) will also be written to U9, but any reads will not
cause a conflict with the main VGA RAMDAC. The analog
RGB outputs of U9 are sent to the PAL encoder to produce
the chrominance component of the composite video output.
U6 provides the required voltage reference to U9. Also, the
RGB outputs from U9 are combined by resistor matrix in
the right proportions to create a luminance signal which can
be summed with the adjacent lines’ luminance signals,
thereby spatiallylowpass filtering the luminance signal in the
vertical dimension.

Up to this point the circuitry described is basically the same
as is required to make the VGA run at 2 x PAL rates (see
the Application Note AN602, Theory of Operation for a
GSP600 Circuit Operating the VGA Display at 2 x PAL
Frequency). Note that there are an additional 2 line buffers
(U3 and U4), 2RAMDACs (U10 and U1), and 2 current
references (U7A, Q1,and Q2). The additional 2 line buffers
store the VGA lines before and after the current line being
output via U2 and U9. The RGB current outputs from the
RAMDACs U10and U1 are connected together, summing
the two sets of RGB currents together. The combined RGB
signals from U 10 and U1 are then matrixed together in the
proper proportions to produce an adjacent-lines luminance
signal. This signal amplitude is independent of the main
luminance signal so that the ratio of adjacent line to main
line luminance can be set to any desired value, primarily by
adjusting R 1, which controls the reference currents into U 10
and U1.
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The two luminance signals are connected together, summing
them at the input to amplifier U11. U1l then makes up for
the resistive losses in the RGB matrices and drives the
luminance delay line, whose output is the luminance com-
ponent of the encoded composite signal. Most encoders
have a luminance output and input which allows for an
external delay line; not using the output provided while
driving the input with an alternate luminance signal of the
right amplitude, delay, and polarity allows convenient sum-
ming with the chrominance signal generated by the encoder
to create the composite video signal.

WE-U2

WE-U3

] ]
L

Programmable logic chip U5 controls the writing of VGA
lines into the line buffers such that U2 receives every other
line, U3 receives every fourth line, and U4 receives every
fourth line, as shown by the timing diagram in Figure 2. Note
that only one line buffer is write enabled at a time and every
line is written to a line buffer. With this scheme U2 always
contains the main VGA line which is going out to the PAL
encoder, while U3 and U4 contain the lines adjacent to the
main line. The CUPL™ language source code for PLD US
is included later in this note.

I

WE-U4
32.0uS
1 VGALINE F—%

64.0 US }q
1 PAL LINE

]

Figure 2
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All of the line buffers are continuously read enabled, such
that the RGB signal output to the encoder is a combination
of the main line and the 2 adjacent line signals. U7A, Q1,
and Q2 make up a dual matched current reference for
RAMDACs U10 and Ul. The amplitude of the adjacent
line video signals summed in with the main line is adjustable
with R 1; the optimum value could be determined so that R1
could be replaced with a fixed divider to save the cost of the
trimmer. The amplitude of the main line video signal is
controllable by the value of R6 if it is necessary to adjust the
proportion of the main line signal that gets summed into the
final output. The relative weight of the 2 adjacent line signals
in the output is the same due to the matching of the current
references into U 10 and U 1; this should be best for most
applications since it is symmetrical about the main line.

The luminance amplitude is controllable by varying the gain
of U1l (set by the value of R22); this should normally be set
so that luminance levels on any given line are somewhat
lower than they would be without filtering. An optional
feature shown in the schematic is the ability to switch off the
flicker filtering with an I/O bit. Switches Q3 and Q4 turn on
when the filter is disabled. In this state Q3 cuts the reference
current into U10 and U1, thereby turning off the adjacent
line luminance; while Q4 boosts the gain of U1l (by an
amount set by R23) to what it should normally be without
flicker reduction.

Since when a large area of high luminance level occurs, the
video output could exceed the maximum allowed voltage, Q5
and Q6 are used as a positive luminance peak clipper. R27
can be set so that the peak luminance level at the final video
output is 714 mV.

BIOS

The video BIOS for the circuit presented here will have to
be modified from the typical GSP600 VGA/PAL system;
therefore, register setups for various video modes are given
in several tables later in this note.
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VIDEO MODES
INDEX REGISTER
00 | Of | 02 | 03 | 04 | 05 | 06 | 07 | OD | OE | OF | 10 | 11 12 | 13 | **
00 HT 35 | 35 | 6B | 6B | 35 | 35 | 62 | 6C | 35 | 62 | 62 | 62 | 62 | 62 | 62 | 62
01 HDE 27 | 27 | 4F | 4F | 27 | 27 | 4F | 4F | 27 | 4F | 4F | 4F | 4F | 4F | 04 | 4F
02 SHB 2A | 28 | 57 | 57 | 2A | 2A | 50 | 54 | 2A | 50 | 50 | 50 | 50 | 50 | 50 | 50
03 EHB 95 | 96 | 8B | 8B | 96 | 96 | 85 | 8B | 96 | 85 | 8 | 8 | 84 | 84 | 8 | 84
04 SHR 2E | 2E | 5D | 5D | 2F | 2F | 58 | 5D | 2F | 58 | 58 | 58 | 54 | 57 | 58 | 57
05 EHR A0 | A0 | 8C | 8C | 8 | 8 | 9B | 83 | 80 | 9B | 9B | 9B | 82 | 8 | 9B | 8
06 VT OB | OB | OB | OB | OB | OB | OB | OB | OB | OB | OB | OB | OB | OB | OB | OB
07 OVERFLOW 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E | 3E
08 PRS 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
09 MSL 4F | 4F | 4F | 4F | C1 | C1 | Cl | 4F | cO | CO | 40 | 40 | 40 | 40 | CO | 40
VIDEO MODES
INDEX REGISTER
00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | OD | OE | OF | 10 | 11 12 | 13 | #=
0A [ OD | 0D | OD | OD | 00 | 00 | 00 | OD | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
0B CE OE | OE | OE | OE | 00 | 00 | 00 | OE | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
0c SAH 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
0D SAL 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
OE CLH 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
OF CLL 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
VIDEO MODES
INDEX REGISTER
00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | OD | OE | OF | 10 | 11 12 | 13 | *x
10 VRS BE | BE | BE | BE | C5 | C5 | C5 | BE | C5 | C5 | A7 | A7 | F4 | F4 | C5 | EF
11 VRE 22 | 22 | 22 | 22 | 88 | 8 | 88 | 8 | 8 | 88 | 8B | 8B | 87 | 87 | 88 | 87
12 VDE 8F | 8F | 8F | 8F | 8F | 8F | 8F | 8F | 8F | 8F | 5D | 5D | DF | DF | 8F | DF
13 OFFSET 14 | 14 | 28 | 28 | 14 | 14 | 28 | 28 | 14 | 28 | 28 | 28 | 28 | 28 | 28 | 50
14 UNDERLINE IF [ IF | IF | IF | 00 | 00 | 00 | 1IF | 00 | 00 | OF | OF | 00 | 00 | 40 | 60
15 SVB BS | B§ | B§ | B§ | C2 | C2 | C2 | B8 | C2 | C2 | 9F | 9F | EO | EO | C2 | EO
16 EVB E3 | E3 | E3 | E3 | 05 | 05 | 05 | E3 | 05 | 05 | CA |CA | 0OC | 0OC | 05 | oC
17 MC A3 | A3 | A3 | A3 | A2 | A2 | C2 | A3 | E3 | E3 | E3 | E3 | E3 | E3 | A3 | AB
18 LC FF | FF | FF | FF_| FF | FF | FF | FF | FF | FF | FF_| FF | FF | FF | FF | FF
* INTERLACE
* = Interlace Bit must be turned off for all modes
General Register
VIDEO MODES
INDEX REGISTER
00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | OD | OE | OF | 10 | 11 12 | 13 | =
00 MISC OUT # # # # # # # @ | # # @ | # # # # #
# @

23 = GenLock (GL)
27= OVerlay (OV)

2B = Video Only (VO)

2F = Graphics Only (GO)

22 = GenLock (GL)

26= OVerlay (OV)

2A = Video Only (VO)
2E = Graphics Only (GO)
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Sequence Registers

VIDEO MODES
INDEX REGISTER
00 01 02 03 04 05 06 07 | OD | OE | OF 10 11 12 13 ok
00 CLKMODE 09 09 01 01 09 09 01 00 09 01 01 01 01 01 01 01

#* = 640 x 480 x 256 colors

Source Code for PLD U5 (GAL20V8) in CUPL™ Language

Name ff;

Partno ffo1;

Date 1/20/93;

Revision 01,

Designer Todd K. Moyer;

Company Integrated Circuit Systems;

Assembly Flicker Filter;

Location U5;
/********************************t********k*****************************/
* */
/* VGA @ 2xPAL rate controlier with basic line flicker filtering */
* */
* */
/***********************************************************************/
I* */
/* Allowable Target Device Types: g20v8 */
r* */

/***********************************************************************/

/** Inputs **/

Pin 1 = clock ; /* VGA PCLK signal */
Pin 2 = h_sync_PAL; r* */
Pin 12 = GND ;

Pin 13 = |IOE ;

Pin 24 = VCC ;

/** Outputs **/

Pin [15..18] = [HSN_S0..3]; /* used by state machine */
Pin 19 = lline_start; /* pointer reset line mem, act lo */
Pin 20 = lwrite_enable_ B; /* */
Pin 21 = lwrite_enable_A; /* */
Pin 22 = lwrite_enable; r* */

/** Declarations and Intermediate Variable Definitions **/

Field  State_HSync [HSN_S0..3];

/** Logic Equations **/

148



ANG603 n

/** State machine definition **/

Sequence State_HSync
{
present 0
if h_sync_PAL next 1
out line_start out line_startAB
out write_enable out write_enable_A,;
if Ih_sync_PAL next 0
out write_enable;
present 1
if h_sync_PAL next 2
out line_start out line_startAB
out write_enable out write_enable_A;
if lh_sync_PAL next 0;
present 2
if h_sync_PAL next 3
out line_start out line_startAB
out write_enable out write_enable_A,;
if th_synch_PAL next 0;
present 3
if lh_sync_PAL next 4;
/* out write_enable; */
if h_sync_PAL next 3
out write_enable_A;
present 4
if lh_sync_PAL next A;
if h_sync_PAL next 3;
present A
if Ih_sync_PAL next 5;
if h_sync_PAL next 3;
present 5
if h_sync_PAL next 6
out line_start out line_startAB
out write_enable out write_enable_B;
if lh_sync_PAL next 5
out write_enable;
present 6
if h_sync_PAL next 7
out line_start out line_startAB
out write_enable out write_enable_B;
if Ih_sync_PAL next 5;
present 7
if h_sync_PAL next 8
out line_start out line_startAB
out write_enable out write_enable_B;
if lh_sync_PAL next 5;
present 8
if Ih_sync_PAL next 9;
/* out write_enable; */
if h_sync_PAL next 8
out write_enable_B;
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present 9

present B

present C

present D

present E

present F

if lh_sync_PAL next B;
if h_sync_PAL next 8;

if Ih_sync_PAL next 0;
if h_sync_PAL next 8;
next 0;

next 0;

next 0;

next O;

Bill of Materials

Item Qty Reference Part Item Qty Reference Part

1 15 |C1,C2,C3,C5,C6,C7, AuF 15 2 |R15,R18 8.2K
s s [ Jusns

) ) ca J0UF 17 2 R17,R20 22K
3 1 DL1 400 ns 13 ! R22 680
4 2 lonq2 IN3904 19 2 |R25,R26 1.2K
5 2 Q3,04 VN2222 20 ! R29 47K
6 2 105,06 IN3906 21 3 |UL,U9U10 SC11483CV
7 5 |R1,R14,R21,R23,R24 1K 2 3_{U2.U3,U4 UPDA2101
g ) R2 120 23 1 U5 GAL20VS8
N ) R3 100 24 1 U6 LM317
10 2 R4,R5 121 25 L U7 TLO72
1 ) R6 150 26 1 U8 74HC74
2 3 R7.R8.R9 47 27 1 Ull ADSI11
13 3 |RI10,RI11,R12 33
14 3  |RI13,R27,R28 200




ICS
Video Timing Generator

Products

As the recognized world leader in frequency synthesis technology, ICS continues to build on its solid
foundation, bringing the most requested features to market.

In particular, ICS has expanded video clock product offerings to provide a truly complete selection
unequaled in performance, breadth and value. These new products are available now.

New products in this edition offer advanced features like full user-programmability to offer you the
maximum in design flexibility.

As a market-oriented company, ICS welcomes inquiries concerning our new product areas or other
frequency synthesis applications.
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ICS Video Timing Generator Selection Guide

Product ICS Max Clock Package
Application Device Type Features Frequency| Outputs Types Page
ICS13%4 External Loop Filter. 85MHz 1 TTL 20 Pin 153
For New Designs. Use ICS1494A. DIP, SOIC
ICS1494A Buffered Xtal Out, Lock Detect | 135 MHz I TTL 20 Pin 155
Output. DIP, SOIC
1CS2494/94A Buffered Xtal Out, Lock 135MHz | 2TTL 20 Pin 161
DetectOutput. DIP, SOIC
1CS2495 Small Footprint, Narrow Body 135 MHz 2TTL 16 Pin 167
SOIC Package. DIP, SOIC
1CS2496 Low Voltage, 3/5 Volt Operation | 85/135 2TTL 16 Pin
for Laptop/Notebook MHz DIP, SOIC 173
P.C Applications. Powerdown Mode.
Clocks 1CS2595 Programmable Dual 135MHz | 2TTL 20 Pin 179
ICS2494 Pin Compatible. DIP, SOIC
ICS82C404 Dual Programmable Graphics | 120MHz | 2TTL 16 Pin
Clock Generator. ICS82C404 DIP, SOIC 189
Compatible.
ICS9161 Dual Programmable Graphics 135MHz | 3TTL 16 Pin
Clock Generator. ICD2061 DIP, SOIC 223
Compatible
AV9194 Dual Video memory Clock 135MHz | 2TTL 20 Pin
Generator with 16 DIP, SOIC
Preprogrammed Video and 4 237
Preprogrammed Memory
Frequencies.
ICS90C61A Drop-in upgrade for the 80 MHz 2TTL 20 Pin
WD90C61. DIP, SOIC, 193
Integral Loop Filters. PLCC
o ICS90C64A WD90C31 VGA Controller 80 MHz 2TTL 20 Pin
ijs(f;rl',‘a't)i‘bgl‘:a' Compatible. Enhanced Version. DIP,SOIC, | .
Clock Integral Loop Filter. PLCC
Generators (Replaces ICS90C63, ICS90C64.)
1CS90C65 Low Voltage, 3/5 Volt. 80 MHz 2TTL 20 Pin
Powerdown Mode. DIP, SOIC, 213
WD 90C26 VGA Controller PLCC
Compatible.
Notes:

1. All products have internal loop filters except as noted.
2. All products operate at 5 volts typ. except as noted.

ADVANCE INFORMATION documents contain information on new products in the sampling or preproduction phase of development. Characteristic
data and other specifications are subject to change without notice

PRODUCT PREVIEW documents contamn information on products in the formative or design phase of development Characteristic data and other
specifications are design goals. ICS reserves the right to change or discontinue these products without notice
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Integrated ICS1394
Circuit
Systems, Inc.

Video Dot Clock Generator

Features Applications

e Low cost - eliminates need for multiple crystal clock o 85 MHz Guaranteed Performance

oscillators in video display subsystems .
o EGA-VGA - Super VGA XGA video adapters

o Strobed /transparent frequency select options «  High resolution MAC II displays
e Mask-programmable frequencies

*  Workstations
o  Glitch-free frequency transitions

o  Compatible with Industry STD VGA Controllers
o Provision for two external frequency inputs

o Lowpower CMOS device technology
e  Small footprint - 20 pin DIP or SO

Introduction Q ﬁ%
) O B FS3 - _ FS2
/ .

STROBE — 2 19 - FS1
VDD — 3 18 - FSO
; ideo dot
: "VGA, EGA, FS4/FREQ1 —{ 4 17 |- AVSS
DA higher frequencies
GATCUNY s in desktop publishing and XTAL1 {5 16 |- OP(+)
( aphics. ision is made via a single level
Aimplegfnt customer specific frequencysets. XTAL2 {6 15 |- OP(-)
Phase I Ny uitry permits rapid glitch-free transi-
tions betW\en clock frequencies. FREQO 7 14| OP(OUT)
Principal applications for these products include generating Vss 18 13} VCOUN)
dot clock frequencies for EGA, VGA, Super VGA, and
XGA graphics products in the IBM-compatible world, as FOUT 9 12| AVDD
well as for high resolution MAC II and workstations. Appli-
cations utilizing 8514A and TMS 34010 and TMS 34020 CPSEL {10 11| POUT

benefit as well, with significant performance improvements
and cost reductions in all of these applications.
Ordering Information
ICS1394NXXX (DIP Package)
ICS1394MXXX (SO Package)
(XXX = Pattern number)
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Integrated
Circuit
Systems, Inc.

ICS1494

Enhanced Video Dot Clock Generator

Features

e Low cost - elimnates need for multiple crystal clock
oscillators in video display subsystems
Mask-programmable frequencies

Pre-programmed versions for Industry Standard VGA
chips

Glitch-free frequency transitions

e Provision for external frequency input

e Excellent power supply rejection

Applications

e Higher Frequency applications
EGA - VGA - Super VGA-XGA video adapters
High resolution MAC II displays

Workstations

LCD and other flat panel display systems
8514A - TMS 34010 - TMS 34020

Description

The ICS1494 Dot Clock Generator is an integrated circuit
capable of generating up to 32 video dot clock frequencies
for use with high performance video display systems. Utiliz-
ing CMOS technology to implement all linear, digital and
memory functions, the ICS1494 provides a low power, small
footprint, low cost solution to the generation of video dot
clocks. Outputs are compatible with VGA, EGA, XGA,
MCGA, CGA, MDA, as well as the higher frequencies
needed for advanced applications in desktop publishing and
workstation graphics. Provision is made via a single-level
custom mask to implement customer-specific frequency
sets. Phase-locked loop circuitry permits rapid glitch-free
transitions between clock frequencies.

In addition to providing 32 clock rates, the ICS1494 has
provisions to multiplex an externally-generated signal
source into the FOUT signal path. The ICS1494 can also be
programmed to select the crystal oscillator signal as the
FOUT output. Internal phase-locked frequencies continue
to remain locked at their preset values when these modes
are selected. This feature permits instantaneous transition
from an external frequency to an internally-generated fre-
quency. Printed circuit board testing is simplified by the use
of these modes, as an external clock generated by the ATE
tester can be fed through, permitting synchronous testing of
the entire graphics system.

Features

e 135 MHz Guaranteed Performance

e Fast acquisition of selected frequencies
e Internal loop filter eliminates noise pickup

Advanced PLL for low phase-jitter

Improved loop stability over entire frequency range
Frequency change synchronized to vertical retrace
Frequency change-detection circuitry enhances new fre-
quency acquisition

Lock Detect Output

Buffered XTAL Out

Pin Configuration

FS3-{1 “~ 20| Fs2
STROBE ﬁ 2 19 |- FS1
VDD 3 18 - FSO
FS4 — 4 17 - VSS

XTAL1 -5 16 - LOCK

XTAL2 — 6 15 ~ XTALOUT

EXTFREQ —{7 14 - N.C.
VSS — 8 13— NC.

FOUT —{ 9 12 - AVDD
VERTBLANK - 10 11 |- VSS

Notes:

1. In applications where the external frequency mput 1s not specified,
EXTFREQ must be tied to VDD.

2. ICS1494M(SO) pinout 1s identical to ICS1494N(DIP).

Ordering Information
ICS1494NXXX (DIP Package)
ICS1494MXXX (SO Package)

(XXX = Pattern number)
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Circuit and Application Options

The ICS1494 will typically derive its frequency reference
from a series-resonant crystal connected between pins 5 and
6. Where a high quality reference signal is available, such as
in an application where the graphics subsystem is resident
on the motherboard, this reference may directly replace the
crystal. This signal should be coupled to pin 1. If the refer-
ence signal amplitude is less than 3.5 volts, a .047 microfarad
capacitor should be used to couple the reference signal into
XTALIL. Pin 6 must be left open.

The ICS1494 is capable of multiplexing an externally gener-
ated frequency source of FOUT via a mask option, in addi-
tion to its internally generated clock.

This is input via EXTFREQ (7). When an external source is
selected the PLL remains locked to the value specified in the
selected address. This provision facilitates the ability to
rapidlychange frequencies. When this option is not specified
in the ROM pattern, pin 7 is internally tied to Vpp and
should be connected to Vpp on the PCB.

Power Supply Conditioning

The ICS1494 is a member of the second generation of dot
clock products. By incorporating the loop filter on chip and
upgrading the VCO, the ease of application has been sub-
stantially improved over earlier products. If a stable and
noise-free power supply is available, no external compo-
nents are required. However, in most applications it is judi-
cious to decouple the power supply as shown in Figures 1 or
2. Figure 1 is the normal configuration for 5 Volt only
applications. Which of the two provides superior perform-
ance depends on the noise content of the power supplies.
In general, the configuration of Figure 1 is satisfactory.
Figure 2 is the more conventional if a 12 Volt analog supply
is available, although the improved performance comes at a
cost of an extra component. The cost of the discretes used
in Figure 2 is less than the cost of Figure 1’s discrete com-
ponents.

The number and differentiation of the analog and digital
supply pins are intended for maximum performance prod-
ucts. In most applications, all Vpps may be tied together.
The function of the multiple pins is to allow the user to
realize the maximum performance from the silicon with a
minimum degradation due to the package and PCB. At the
frequencies of interest, the effects of the inductance of the
bond wires and package lead frame are non-trivial. By using
the multiple pins, ICS minimized the effect of packaging and
minimized the interaction of the digital and analog supply

Figure 1 currents.
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STROBE o i 2 O FS1
18
o FS0
FS4 O = -
Y1D14.318M z ICS1494 16 o LOCK
15 o XTALOUT
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Applications

Layout Considerations

Utilizing the ICS1494 in video graphics adapter cards or on
PS2 motherboards is simple but does require precautions in
board layout if satisfactory jitter-free performance is to be
realized. Care should be exercised in ensuring that compo-
nents not related to the ICS1494 do not share its ground. In
applications utilizing a multi-layer board, Vss should be
directly connected to the ground plane. Multiple pins are
utilized for all analog and digital Vss and Vdd connections
to permit extended frequency VCLK operation to 135 MHz.
However, in all cases, all Vss and Vpp pins should be
connected.

Figure 2

+5v o—-—r—
c2
ik
Fs30- ! —}”—-—o Fs2
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FS4
i R 2 ook
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FOUT o 2 12 Prgo 12.00
VERTICAL & 10 1 =
BLANKING 5 A~
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Frequency Reference

The internal reference oscillator contains all of the passive
components required. An appropriate series-resonant crys-
tal should be connected between XTAL1 (5) and XTAL2 (6).
In IBM-compatible applications this will typically be a
14.31818 MHz crystal, but fundamental mode crystals be-
tween 10MHz and 25MHz have been tested . Maintain short
lead lengths between the crystal and the ICS1494. In some
applications, it may be desirable to utilize the bus clock. If
the signal amplitude is equal to or greater than 3.5 volts, it
may be connected directly to XTALI1 (5). If the signal ampli-
tude is less than 3.5 volts, connect the clock through a .047
microfarad capacitor to XTAL1 (5), and keep the lead length
of the capacitor to XTAL1 (5) to a minimum to reduce noise
susceptibility. This input is internally biased at Vpp,2. Since
TTL compatible clocks typically exhibit a Vou of 3.5V,
capacitively coupling the input restores noise immunity. The
ICS1494 is not sensitive to the duty cycle of the bus clock;
however, the quality of this signal varies considerably with
different motherboard designs. As the quality of this signal
istypically outside of the control of the graphics adapter card
manufacturer, it is suggested that this signal be buffered on

the graphics adapter board. XTAL2 (6) must be left open in
this configuration.

LOCK

LOCK(16) is an output signal which may be monitored to
indicate when the ICS1494 has achieved phase lock after a
change in frequency has been selected. In systems where it
is used, it is tied to an interrupt input to the microprocessor.
When high, it indicates phase lock has been achieved.

Buffered XTALOUT

In motherboard applications, it may be desirable to have the
ICS1494 provide the bus clock for the rest of the system. This
eliminates the need for an additional 14.31818 MHz crystal
oscillator in the system, saving money as well as board space.
To do this, the XTALOUT (15) output should be buffered
with a CMOS driver.

Output Circuit Considerations

As the dot clock is usually the highest frequency present in
a video graphics system, consideration should be given to
EMI. To minimize problems with meeting FCC EMI re-
quirements, the trace which connects FOUT(9) and other
components in the system should be kept as short as possi-
ble. The ICS1494 outputs have been designed to minimize
overshoot. In addition it may be helpful to place a ferrite
bead in this signal path to limit the propagation of high
order harmonics of this signal. A suitable device would be a
Ferroxcube 56-590-65/4B or equivalent. This device should
be placed physically close to the ICS1494. A 33 to 47 Ohm
series resistor, sometimes called source termination, in this
path may be necessary to reduce ringing and reflection of
the signal and may reduce phase-jitter as well as EMI.

External Frequency Sources

EXTFREQ (7), on versions so equipped by the program-
ming, is an input to a digital multiplexer. When this input is
enabled, signals driving the input will appear at FOUT(9)
instead of the PLL output. Internally, the PLL will remain
in lock at the frequency selected by the ROM code. If this

option is not specified, pin (7) is connected to VDD inter-
nally, and MUST be connec VDD or left open, not

grounded!

Digital Inputs

FSO (18), FS1 (19), FS2 (20),FS3(1), and FS4 (4), are the
TTL compatible frequency select inputs for the binary code
corresponding to the frequencydesired. STROBE (2), when
high, allows new data into the frequency select latches; and
when low, prevents address changes per Figure 3. The inter-
nal power-on-clear signal will force an initial frequencycode
corresponding to an all zeros input state. VERTBLANK
(10), when low, inhibits the transfer of new frequency select
information. Enabling this pin during the vertical blanking
interval causes the change in frequency to happen at this
time and prevents any visible glitch when a new frequency is
selected. If this feature is not required, this pin may be left
open.
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Absolute Maximum Ratings

Supply Voltage ............ Vpp...... -0.5Vto+ 7V

Input Voltage ............. VIN. .ottt -0.5V to Vpp+ 0.5V
Output Voltage . ........... Vour..... -0.5V to Vpp+ 0.5V
Clamp Diode Current ... ... Vik & Iok. + /-30mA

Output Current per Pin. . ... Iout ..... + o/—SOmA .
Operating Temperature. . . . . Toovvvvn.. 0 Coto 70 C .
Storage Temperature ....... Ts.ooooon. -85 Cto+ 150 C
Power Dissipation ......... Pp ....... 500mW

Values beyond these ratings may damage the device. This device contains circuitry to protect the inputs and outputs against
damage due to high static voltages or electric fields; however, it is advised that normal precautions be taken to avoid
applications of any voltage higher than the maximum rated voltages. For proper operation it is recommended that VN and
Vour be constrained to > = Vssand < = Vpp.

DC Characteristics (0 °C to 70 °C)

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
Vdd Operating Voltage Range 4.0 5.5 \
Vi Input Low Voltage Vss 0.8 \Y% Vdd = 5V
Vih Input High Voltage 2.0 Vdd \Y% Vdd= 5V
Iih Input Leakage Current - 10 uA Vin= Ve
Vol Output Low Voltage - 0.4 \% Ioi= 4.0mA
Voh Output High Voltage 24 - \% Ioh = 4.0 mA
Idda Analog Supply Current - 5 mA Vdd= 5.0V,FOUT = 25MHz
ldda Analog Supply Current - 7 mA Vdd= 5.0V,FOUT = 110 MHz
Iddd Digital Supply Current - 12 mA Vdd= 5.0V,FOUT = 25MHz
Tddd Digital Supply Current - 25 mA Vdad= 5.0V,FOUT= 110MHz
Ruyp * Internal Pullup Resistors 50 200 KOhm |Vdi= 5V,Vin= OV
Cmn Input Pin Capacitance - 8 pF Fc= 1MHz
Cout Output Pin Capacitance - 12 pF Fc= 1MHz

* The following inputs have pull-ups: FS0-4, STROBE, EXTFREQ, VERTBLANK.
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AC Timing Characteristics

The following notes apply to all parameters presented in this section:

. Xtal Frequency= 14.31818 MHz

. All units are in nanoseconds (ns).

. Rise and fall time is between 0.8 and 2.0 VDC.
. Output pin loading = 15pF

. Duty cycle is measured at 1.4V.

. Supply Voltage Range = 4 75 to 5 25 Volts

. Temperature Range = 0 Cto70°C

NN A W =

SYMBOL { PARAMETER ‘ MIN | MAX NOTES
STROBE TIMING

Tpw Strobe Pulse Width 20 -

Tsu Setup Time Data to Strobe 10 -

Thd Hold Time Data to Strobe o ‘ 10 -

FOUT TIMING

Tr Rise Time - 3

Tf Fall Time - 3

- Frequency Error 0.5 %

- Maximum Frequency 135 MHz

- Propagation Delay for - 15 ns

Pass Through Frequency
Duty Cycle 40% 60% 110 MHz or less

— Tpw ——

STROBE / N

— Tsu

FSO-FS3

—— Thd —

Figure 3
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Integrated
Circuit
Systems, Inc.

1CS2494
ICS2494A

Dual Video/Memory Clock Generator

Features

e World standard ICS2494 A has been reconfigured to allow
8 memory frequencies.
Mask-programmable frequencies
Pre-programmed versions for Industry Standard VGA
chips
Glitch-free frequency transitions
Provision for external frequency input
Internal clock remains locked when the external fre-
quency input is selected
Low power CMOS device technology
Small footprint - 20 pin DIP or SO

New Features

e Buffered Xtal Out

e Integral loop filter components

e Fast acquisition of selected frequencies, strobed or non-
strobed

e  Guaranteed performance up to 135 MHz
Excellent power supply rejection
Advanced PLL for low phase-jitter

o Frequency change detection circuitry which enhances
new frequency acquisition and eliminates problems
caused by programs that rewrite frequency information.

e Improved pinout - easier board layout.

Applications
e VGA-Super VGA-XGA video adapters

Workstations

8514A-TMS34010-TMS34020

Motherboard XTAL1 J1T 20} DVDD
Description XTAL2 {2 19| VCIK
locked loop frequency synthesizer capable of generating six-
teen video dot clock frequencies and eight memory clock FSO 4 17 L vss
frequencies for use with high performance video display
systems. Utilizing CMOS technology to implement all linear, FS1 5 16  VSS
digital and memory functions, the ICS2494/94A provides a
low-power, small-footprint, low-cost solution to the generation STROBE -6 15 AVDD
of video dot clocks. Outputs are compatible with XGA, VGA,
EGA, MCGA, CGA, MDA, as well as the higher frequencies FS2 7 14 L VSS
needed for advanced applications in desktop publishing and
workstation graphics. Provision is made via a single-level FS3 8 13 DVDD
custom mask to implement customer-specific frequency sets.
Phase-locked loop circuitry permits rapid glitch-free transi- MSO 9 12}  MCLK
tions between clock frequencies.

vVss 10 11 - MsS1
Notes:
1. In applications where the external frequency input is not specified,
EXTFREQ must be tied to Vgs.

2. ICS2494/94AM(SO) pinout is identical to ICS2494/94AN(DIP).

Ordering Information
ICS2494NXXX, ICS2494ANXXX (DIP Package)
ICS2494MXXX, ICS2494AMXXX (SO Package)

(XXX = Pattern number)
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Circuit and Application Options

The ICS2494/94A will typically derive its frequency reference
from a series-resonant crystal connected between pins 1 and
2. Where a high quality reference signal is available, such as
in an application where the graphics subsystem is resident on
the motherboard, this reference may directly replace the
crystal. This signal should be coupled to pin 1. If the reference
signal amplitude is less than 3.5 volts, a .047 microfarad
capacitor should be used to couple the reference signal into
XTAL1. Pin 2 must be left open.

Power Supply Conditioning

The ICS2494/94A is a member of the second generation of
dot clock products. By incorporating the loop filter on chip
and upgrading the VCO, the ease of application has been
substantially improved over earlier products. If a stable and
noise-free power supply is available, no external components
are required. However, in most applications it is judicious to
decouple the power supply as shown in Figures 1 or 2. Figure
1 is the normal configuration for 5 volt only applications.
Which of the two provides superior performance depends on
the noise content of the power supplies. In general, the
configuration of Figure 1 is satisfactory. Figure 2 is the more
conventional if a 12 volt analog supply is available, although
the improved performance comes at a cost of an extra compo-
nent. The cost of the discretes used in Figure 2, however, are
less than the cost of Figure 1’s discrete components.

The number and differentiation of the analog and digital supply
pins are intended for maximum performance products. In most
applications, all VDDs may be tied together. The function of
the multiple pins is to allow the user to realize the maximum
performance from the silicon with a minimum degradation due
to the package and PCB. At the frequencies of interest, the
effects of the inductance of the bond wires and package lead
frame are non-trivial. By using the multiple pins, ICS mini-
mized the effect of packaging and minimized the interaction of
the digital and analog supply currents.

Figure 1
22
—_I_ca _T_cz VW0 5.0V
q 22
I| 1 20 | I___

2 19 O VCLK

3 18 O XTALOUT
FSO o 4 17
Fs10——31 52494 [ :

STROBE © ICS2494A

FS2 o- 4 14 1
FS3 o- 9 13
MSO O- 9 12 O MCLK

10 11 O MS1
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Applications

Layout Considerations

Utilizing the ICS2494/94A in video graphics adapter cards or
on PS2 motherboards is simple but does require precautions
in board layout if satisfactory jitter-free performance is to be
realized. Care should be exercised in ensuring that components
not related to the ICS2494/94A do not share its ground. In
applications utilizing a multi-layer board, VSS should be
directly connected to the ground plane. Multiple pins are
utilized for all analog and digital VSS and VDD connections
to permit extended frequency VCLK operation to 135 MHz.
However, in all cases, all VSS and VDD pins should be
connected.

Figure 2
—_T_—Os.ov
C1
T
||__’- 20
: 2 o VCLK
p 18 © XTALOUT
FSO ¢ 4 17
Fsto : ICS2494 J‘-g i
s o TiCs249an s T Ta o owo 12:0¥
FS3 0— 8 13 :E 4 7v
MSO o 9 2 A
. . o MS1
Frequency Reference

The internal reference oscillator contains ail of the passive
components required. An appropriaie series-resonant crystal
should be connected between XTAL1 (1) and XTAL2 (2). In
IBM-compatible applications this will typically be a 14.31818
MHz crystal, but fundamental mode crystals between 10 MHz
and 25 MHz have been tested. Maintain short lead lengths
between the crystal and the ICS2494/94A. In some applica-
tions, it may be desirable to utilize the bus clock. If the signal
amplitude is equal to or greater than 3.5 volts, it may be
connected directly to XTAL1 (1). If the signal amplitude is
less than 3.5 volts, connect the clock through a .047 microfarad
capacitor to XTAL1 (1), and keep the lead length of the
capacitor to XTAL1 (1) to a minimum to reduce noise suscep-
tibility. This input is internally biased at VDD/2. Since TTL
compatible clocks typically exhibit a VOH of 3.5V, capaci-
tively coupling the input restores noise immunity.

The ICS2494/94A is not sensitive to the duty cycle of the bus
clock; however, the quality of this signal varies considerably
with different motherboard designs. As the quality of this
signal is typically outside of the control of the graphics adapter
card manufacturer, it is suggested that this signal be buffered
on the graphics adapter board. XTAL2 (2) must be left open
in this configuration.

Buffered XTALOUT

In motherboard applications it may be desirable to have the
1CS2494/94A provide the bus clock for the rest of the system.
This eliminates the need for an additional 14.31818 MHz
crystal oscillator in the system, saving money as well as board
space. To do this, the XTALOUT (18) output should be
buffered with a CMOS driver.

Output Circuit Considerations

As the dot clock is usually the highest frequency present in a
video graphics system, consideration should be given to EML
To minimize problems with meeting FCC EMI requirements,
the trace which connects VCLK (19) or MCLK (12) and
other components in the system should be kept as short as
possible. The ICS2494/94A outputs have been designed to
minimize overshoot. In addition it may be helpful to place a
ferrite bead in these signal paths to limit the propagation of
high order harmonics of this signal. A suitable device would
be a Ferroxcube 56-590-65/4B or equivalent. This device
should be placed physically close to the ICS2494/94A. A 33
to 47 Ohm series resistor, sometimes called source termina-
tion, in this path may be necessary to reduce ringing and
reflection of the signal and may reduce phase-jitter as well as
EML

Digital Inputs

FS0 (4), FS1(5), FS2 (7), and FS3 (8) are the TTL compatible
frequency select inputs for the binary code corresponding to
the frequency desired. STROBE (6), when high, allows new
data into the frequency select latches; and when low, prevents
address changes per Figure 3. The internal power-on-clear
signal will force an initial frequency code corresponding to an
all zeros input state. MS0 (9), MS1 (11) and MS2 (3) are the
corresponding memory select inputs and are not strobed.
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Absolute Maximum Ratings

Supply Voltage . . . .......... VDD «eevinnnn -0.5Vto +7V

Input Voltage . ............. VIN.....oovt -0.5V to Vpp+0.5V
Output Voltage . . . .......... Vour......... -0.5V to VDD +0.5V
Clamp Diode Current. . . . ... .. Vk&Iok ..... +/ -30mA

Output Current per Pin. . . ... .. Iour .. ..o vt +/ -50mA

Operating Temperature.. . . . . . . . s Y 0°Cto70°C
Storage Temperature . ........ TS covvvnenn -85 °Cto +150 °C
Power Dissipation . . .. ....... Po......... 500mW

Values beyond these ratings may damage the device. This device contains circuitry to protect the inputs and outputs against
damage due to high static voltages or electric fields; however, it is advised that normal precautions be taken to avoid applications
of any voltage higher than the maximum rated voltages. For proper operation it is recommended that VIN and Vour be constrained
to >= Vssand <=Vpp,

DC Characteristics (0 °C to 70 °C)

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
VDD Operating Voltage Range 4.0 5.5 \'4
VL Input Low Voltage Vss 0.8 \' Vaa =5V
Vi Input High Voltage 2.0 Vdd \' Vaa = 5V
I Input Leakage Current - 10 uA Vin = Vg
VoL Output Low Voltage - 0.4 v Tol = 4.0 mA
Vou Output High Voltage 2.4 - \' Ioh = 4.0 mA
Ipp Supply Current - 35 mA Vdd = 5V, VCIK = 80 MHz
Rup * Internal Pullup Resistors 50 200 K Ohm Vdd = 5V, Vin = OV
Cin Input Pin Capacitance - 8 pF . =1MHz
Cout Output Pin Capacitance - 12 pF F. = 1 MHz

* The following inputs have pullups: FS0-3, MSO-1, STROBE.

Frequency Pattern Availability

ICS offers the largest variety of standard frequency patterns in
the industry, supporting all popular VGA controller devices.
The attached listing provides the selection as of this publica-
tion date. Contact your local ICS sales office for latest
frequency pattern availability.
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AC Timing Characteristics

The following notes apply to all parameters presented in this section:

. Xtal Frequency = 14.31818 MHz

.Tc =1/Fc

All units are in nanoseconds (ns).

Rise and fall time is between 0.8 and 2.0 VDC.
. Output pin loading = 25pF

. Duty cycle is measured at 1.4V.

. Supply Voltage Range = 4.0 to 5.5 Volts

. Temperature Range = 0 °C to 70 °c

SYMBOL | PARAMETER | MIN ]

| NOTES

STROBE TIMING

Tpw Strobe Pulse Width 20
Tsu Setup Time Data to Strobe 10
Thd Hold Time Data to Strobe 10

MCLK AND VCLK TIMINGS

Tr Rise Time -
Tf Fall Time

- Frequency Error

- Maximum Frequency
- Propagation Delay for -
Pass Through Frequency

135
15

Duty Cycle 40 % min. to
60% max.

%

MHz

ns

— Tpw

STROBE / N

FSO—FS3 ) ¢

— Tsu —— Thd —

Figure 3
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Integrated
Circuit
Systems, Inc.

1ICS2495

Dual Video/Memory Clock

Generator

Features

Low cost - eliminates need for multiple crystal clock
oscillators in video display subsystems

Mask-programmable frequencies

Pre-programmed versions for Industry Standard VGA
chips

Glitch-free frequency transitions

Internal clock remains locked when the external fre-
quency input is selected

Low power CMOS device technology

Small footprint - 16 pin DIP or SO

Description

The ICS2495 Clock Generator is an integrated circuit dual
phase-locked loop frequency synthesizer capable of generating
16 video frequencies and 4 memory clock frequencies for use
with high performance video display systems. Ultilizing
CMOS technology to implement all linear, digital and memory
functions, the ICS2495 provides a low-power, small-footprint,
low-cost solution to the generation of video dot clocks. Out-
puts are compatible with XGA, VGA, EGA, MCGA, CGA,
MDA, as well as the higher frequencies needed for advanced
applications in desktop publishing and workstation graphics.
Provision is made via a single level custom mask to implement
customer specific frequency sets. Phase-locked loop circuitry
permits rapid glitch-free transitions between clock frequen-
cies.

In addition to providing 16 clock rates, the ICS2495 has
provisions to multiplex an externally-generated signal source
into the VCLK signal path. Internal phase-locked frequencies
continue to remain locked at their preset values when this mode
is selected. This feature permits instantaneous transition from
an external frequency to an internally-generated frequency.
Printed circuit board testing is simplified by the use of these
modes as an external clock generated by the ATE tester can be
fed through, permitting synchronous testing of the entire sys-
tem.

Buffered Xtal Out
Integral Loop Filter components

Fast acquisition of selected frequencies, strobed or non-
strobed

Guaranteed performance up to 135 MHz
Excellent power supply rejection
Advanced PLL for low phase-jitter

Frequency change detection circuitry enhances new fre-
quency acquisition and elimmates problems caused by
programs that rewrite frequency information

Pin Configuration

./
XTAL2 — 1 16 |— XTAL1
EXTFREQ — 2 15 |— VCLK
FSO —{ 3 14 | — XTALOUT

FS1 — 4 13 |— VSS

STROBE —{ 5 12 | — VDD

FS2 — 6 11 - — N/C
FS3 — 7 10 — MCLK

MSO —f 8 9 — MSI

Notes:

1 ICS2495M(SO) pinout 1s 1dentical to ICS2495N(DIP).

Ordering Information
ICS2495N-XXX (DIP Package)
ICS2495M-XXX (SO Package)

(XXX = Pattern number)
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Reference Oscillator & Crystal Selection

In cases where the on-chip crystal oscillator is used to generate
the reference frequency, the accuracy of the crystal oscillation
frequency will have a very small effect on output accuracy.

The external crystal and the on-chip circuit implement a Pierce
oscillator. In a Pierce oscillator, the crystal is operated in its
parallel-resonant (also called anti-resonant mode). This means
that its actual frequency of oscillation depends on the effective
capacitance that appears across the terminals of the quartz
crystal. Use of a crystal that is characterized for use in a
series-resonant circuit is fine, although the actual oscillation
frequency will be slightly higher than the value stamped on the
crystal can (typically 0.025%-0.05% or so). Normally, this
error is not significant in video graphics applications, which is
why the ICS2495 will typically derive its frequency reference
from a series resonant crystal connected between pins 1 and
16.

As the entire operation of the phase-locked loop depends on
having a stable reference frequency, the crystal should be
mounted as close as possible to the package. Avoid routing
digital signals or the ICS2495 outputs underneath or near these
traces. It is also desirable to ground the crystal can to the
ground plane, if possible.

Power Supply Conditioning

The ICS2495 is a member of the second generation of dot
clock products. By incorporating the loop filter on chip and
upgrading the VCO, the ease of application has been substan-
tially improved over eatrlier products. If a stable and noise-free
power supply is available, no external components are re-
quired. However, in most applications it is judicious to decou-
ple the power supply as shown in Figure 1.

Layout Considerations

Utilizing the ICS2495 in video graphics adapter cards or on
PS2 motherboards is simple, but does require precautions in
board layout if satisfactory jitter-free performance is to be
realized. Care should be exercised to ensure that components
not related to the ICS2495 do not share its ground. In applica-
tions utilizing a multi-layer board, Vss should be directly
connected to the ground plane.

Frequency Reference

The internal reference oscillator contains all of the passive
components required. An appropriate crystal should be con-
nected between XTAL1 (16) and XTAL2 (1). In IBM compat-
ible applications this will typically be a 14.31818 MHz crystal,
but fundamental mode crystals between 10MHz and 25MHz
have been tested. Maintain short lead lengths between the
crystal and the ICS2495. In some applications, it may be
desirable to utilize the bus clock. If the signal amplitude is
equal to or greater than 3.5 volts, it may be connected directly
to XTAL1 (16). If the signal amplitude is less than 3.5 volts,
connect the clock through a .047 microfarad capacitor to
XTAL1 (16), and keep the lead length of the capacitor to
XTALI1 (16) to a minimum to reduce noise susceptibility. This
input is internally biased at Vppy 2. Since TTL compatible
clocks typically guarantee a VoH of only 2.8V, capacitively
coupling the input restores noise immunity. The ICS2495 is
not sensitive to the duty cycle of the bus clock; however, the
quality of this signal varies considerably with different moth-
erboard designs. As the quality of this signal is typically outside
of the control of the graphics adapter card manufacturer, it is
suggested that this signal be buffered on the graphics adapter
board. XTAL2 (1) must be left open in this configuration.

Buffered XTALOUT

10

L,

—I—I—\/\/\/‘———O 5.0V
C3 |[C2
16

1122

EXTFREQ 19 o VCLK
FS0 : 1;‘ —0 XTALOUT
FS1 o——1|cs2495 [,

STROBE o0——2
Fs2 o— & 1L o NC
FS3 o 7 10 o MCLK
MS0 o—8] 2 —0 MS1

NOTES:  FS3-FS0, MS1-MS0, EXTFREQ, and STROBE mputs are all equipped with pullups and need not be tied high.
Mount decoupling capacitors as close as possible to the device and connect device ground to the ground plane where available.
Mount crystal and 1ts circuit traces away from switching digital lines and the VCLK, MCLK and XTALOUT lines.

Figure 1
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In motherboard applications it may be desirable to have the
ICS2495 provide the bus clock for the rest of the system. This
eliminates the need for an additional 14.31818 MHz crystal
oscillator in the system, saving money as well as board space.
Depending on the load, it may be judicious to buffer XTA-
LOUT when using it to provide the system clock.

Output Circuit Considerations

As the dot clock is usually the highest frequency present in a
video graphics system, consideration should be given to EMI.
To minimize problems with meeting FCC EMI requirements,
the trace which connects VCLK or MCLK and other compo-
nents in the system should be kept as short as possible. The
ICS2495 outputs have been designed to minimize overshoot.
In addition, it may be helpful to place a ferrite bead in these
signal paths to limit the propagation of high-order harmonics
of this signal. A suitable device would be a Ferroxcube 56-590-
65/4B or equivalent. This device should be placed physically
close to the ICS2495. A 33 to 47 Ohm series resistor, some-
times called source termination, in this path may be necessary
to reduce ringing and reflection of the signal and may thereby
reduce phase jitter as well as EMI.

External Frequency Sources

EXTFREQ on versions so equipped by the programming, is
an input to a digital multiplexer. When this input is enabled by
the FSO-3 selection, the signal driving pin 2 will appear at
VCLK (15) instead of the PLL output. Internally, the PLL will
remain in lock at the frequency selected by the ROM code.

The programming option also exists to output the crystal oscil-
lator output on VCLK. In the case where XTALI is being
driven by an external oscillator, then this frequency would
appear on VCLK if so programmed.

Digital Inputs

FSO0(3), FS1(4), FS2 (6), and FS3 (7), are the TTL compatible
frequency select inputs for the binary code corresponding to
the frequency desired. STROBE (5) when high, allows new
data into the frequency select latches; and when low, prevents
address changes per Figure 2. The internal power-on-clear
signal will force an initial frequency code corresponding to an
all zeros input state. MSO (8) and MS1 (9) are the correspond-
ing memory select inputs and are not strobed.

169



1ICS2495

Pin Descriptions
The following table provides the pin description for the 16-pin ICS2495 packages.

PIN NUMBER | PIN SYMBOL TYPE DESCRIPTION
1 XTAL2 ouT Crystal interface
2 EXTFREQ IN External clock input (if so programmed)
3 FSO IN Control input for VCLK selection
4 FS1 IN Control input for VCLK selection
5 STROBE IN Strobe for latching FS (0-3) (High enable)
6 FS2 IN Control input for VCLK selection
7 FS3 IN Control input for VCLK selection
8 MSO0 IN Select input for MCLK selection
9 MS1 IN Select input for MCLK selection
10 MCLK OouT Memory Clock Output
11 N/C - Not Connected
12 VDD - Power
13 VSS - Ground
14 XTALOUT OouT Buffered Crystal Output
15 VCLK ouT Video Clock Output
16 XTALI1 IN Reference input clock from system

Absolute Maximum Ratings

Ambient Temperature
under bias

0°Ct070°C

Storage temperature

-40 °C to0 125 °C

Voltage on all inputs
and outputs with
respect to Vss

0.3 to 7 Volts

Standard Test Conditions

The characteristics below apply for the following standard test
conditions, unless otherwise noted. All voltages are referenced
to Vss (OV Ground). Positive current flows into the referenced
pin.

Operating Temperature 0°Ct070°C

range

Power supply voltage

4.75 to 5.25 Volts

Note: Stresses above those listed under Absolute Maximum
Rating may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational
section of the specifications is not implied. Exposure to abso-
lute maximum rating conditions for extended periods may
affect product reliability.
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DC Characteristics at 5 Volts Vpp

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
VDD Operating Voltage Range 4.75 5.25 \4
VIL Input Low Voltage Vss 0.8 \% Vpp =5V
VIH Input High Voltage 2.0 VbpD \% Vpp =5V
IiH Input Leakage Current - 10 UA m=Vcc
VoL Output Low Voltage: VCLK, MCLK - 0.4 \ IoL =8.0 mA
XTALOUT - 0.4 \ IoL =4.0mA
Vou Output High Voltage: VCLK, MCLK 2.4 - \Y Ion = 8.0 mA
XTALOUT 2.4 - \% IoH =4.0mA
Ipp Supply Current - 30 mA VDD =5V
Rup Internal Pullup Resistors 50 - K ohms VIN =0.0V
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz
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AC Timing Characteristics

The following notes apply to all of the parameters presented in this section.

1. REFCLK = 14.318 MHz
2. Tc=1/Fc
3.  All units are in nanoseconds (ns).
4. Maximum jitter within a range of 30 ps after triggering on a 400 MHz scope.
5. Rise and fall time between 0.8 and 2.0 VDC unless otherwise stated.
6. Output pin loading = 15pF.
7. Duty cycle measured at 1.4 volts.
SYMBOL [ PARAMETER MIN MAX NOTES
STROBE TIMING
Tpw Strobe Pulse Width 20 -
Tsu Setup Time Data to Strobe 10 -
Thd Hold Time Data to Strobe 10 -
MCLK and VCLK TIMINGS

Tr Rise Time - 2 Duty Cycle 40% min. to
Tf Fall Time - 2 60% max.
- Frequency Error 0.5 %o
- Maximum Frequency 135 MHz
- Propagation Delay for Pass Through - 20 ns

Frequency
- Output Enable to Tri-State 15 ns

(into and out of) time

— Tpw —

STROBE /

\'\

FSO-FS3

— Tsu —+ Thd —

Figure 2
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= Circuit
Systems, Inc.

Dual Voltage Video/Memory Clock Generator

Features e Generates 16 video clock frequencies derived from a
14.318 MHz system clock reference frequency

e Specified for dual voltage operation (Vpp = 3.3V or 5V) Provision for external frequency input

i .0V to 5.2 . . .
but operates continuously from 3.0V t0 5.25V Video clock is selectable among the 16 internally gener-

ated clocks, one external clock, or the buffered crystal
oscillator

e Internal clock remains locked when the external frequency
input is selected

e On-chip generation of four memory clock frequencies

e Powerdown input for extended battery life in portable
applications

e Guaranteed performance up to 110 MHz (at 3.3V)
or 135 MHz (at 5V)

e Advanced PLL for low phase-jitter

¢ Low power CMOS device technology e Patented technique eliminates cross-interference between

¢ Excellent power supply rejection video and memory clocks
¢ Integral Loop Filter components e Fast acquisition of selected frequencies, strobed or non-
e Mask-programmable frequencies strobed

e Small footprint - 16 pin DIP or SO

Description Pin Configuration

The ICS2496 has been specifically designed to serve the port-
able PC market with operation at either 3.3V or 5V with a
comprehensive power-saving shut down mode.

The ICS2496 Clock Generator is a dual phase-locked loop XTAL2 | 1 16 L XTALI
frequency synthesizer capable of generating 16 video frequen-
cies and four memory clock frequencies for use with high EXTFREQ —| 2 15 L— VCLK
performance video display systems. Utilizing CMOS technol-
ogy to implement all linear, digital and memory functions, the FSO —| 3 14 | XTALOUT
ICS2496 provides a low power, small footprint, low cost
solution to the generation of video dot clocks. Provision is FS1 —| 4 13 L VSS
made via a single level custom mask to implement customer
specific frequency sets. Phase-locked loop circuitry permits STROBE —| 5 12 — VDD
rapid glitch-free transitions between clock frequencies.

FS2 — 6 11 |— PWRDN
In addition to providing 16 clock rates, the ICS2496 has
provisions to multiplex an externally-generated signal source FS3 —| 7 10 — MCLK
into the VCLK signal path. Internal phase-locked frequencies
continue to remain locked at their preset values when this mode MSO — 8 9 |— MSI
is selected. This feature permits instantaneous transition from
an external frequency to an internally-generated frequency.
Printed circuit board testing is simplified by the use of these
modes, as an external clock generated by the ATE tester can be
fed through, permitting synchronous testing of the entire sys-  Noges:
tem. 1. ICS2496M(SO) pinout 1s identical to ICS2496N(DIP).

Ordering Information
ICS2496N-XXX (DIP Package)
ICS2496M-XXX (SO Package)

(XXX = Pattern number)
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Circuit Function and Application

"Powerdown"

The ICS2496 has been optimized for use in battery operated
portables. It can be placed in a powerdown mode which drops
its supply current requirement below 1 microamp. When
placed in this mode, the digital inputs FS0-3, STROBE, MS0-
1, and EXTFREQ may be either high or low or floating without
causing an increase in the ICS2496 sup-ply current.

The PWRDN pin must be low (It has an internal pull-down.)
in order to place the device in its low power state. The output
pins (VCLK and MCLK) are driven high and XTALOUT is
driven low by the ICS2496 when it is in its low power state.

If a crystal is being used, nothing needs to be done to achieve
low power. If XTAL1 is being driven by an external source, it
may be driven low or high without a power penalty. If XTAL1
is at an intermediate voltage (Vss +0.5V < VIN < Vpp -0.5),
there will be a small increase in supply current. If XTALI is
driven at 14.318 MHz while the chip is in powerdown, the
1CS2496 supply current will increase to approximately 1.2
mA.

The STROBE (pin 5) may be used to guard against inadvert-

ent frequency changes during powerdown/power-up se-
quences. By holding the STROBE low during powerdown and
power-up sequences, the ICS2496 will retain the most recent
video frequency selection.

Reference Oscillator and Crystal Selection

In cases where the on-chip crystal oscillator is used to generate
the reference frequency, the accuracy of the crystal oscillation
frequency will have a very small effect on output accuracy.

The external crystal and the on-chip circuit implement a Pierce
oscillator. In a Pierce oscillator, the crystal is operated in its
parallel-resonant (also called anti-resonant) mode. This means
that its actual frequency of oscillation depends on the effective
capacitance that appears across the terminals of the quartz
crystal. Use of a crystal that is characterized for use in a
series-resonant circuit is fine, although the actual oscillation
frequency will be slightly higher than the value stamped on the
crystal can (typically 0.025%-0.05% or so). Normally, this
error is not significant in video graphics applications, which is
why the ICS2496 will typically derive its frequency reference
from a series-resonant crystal connected between pins 1 and
16.

As the entire operation of the phase-locked loop depends on
having a stable reference frequency, the crystal should be
mounted as close as possible to the package. Avoid routing
digital signals or the ICS2496 outputs underneath or near these
traces. It is also desirable to ground the crystal can to the
ground plane, if possible.

The ICS2496 is a member of the second generation of dot
clock products. By incorporating the loop filter on chip and
upgrading the VCO, the ease of application has been substan-
tially improved over earlier products. If a stable and noise-free
power supply is available, no external components are re-
quired. However, in most applications it is judicious to decou-
ple the power supply as shown in Figure 1.

10

5.0v
C3 |C2

a1 |22

EXTFREQ O—— 2/ 15 o VCLK
(VT 14 O XTALOUT
vsi o0— 4] 13

STROBE o0——2 1CS2496 |,
vVs2 o— 6| i o PWRDN
ve3 o 7] 10 o MCLK
MSO o—— 8 c) o MS1

NOTES:  ES3-FS0, MS1-MS0, EXTFREQ, and STROBE inputs are all equipped with pull-ups and need not be tied high.
PWRDN 1nput has an internal pulldown and must be driven or tied high for full device function.
Mount decoupling capacitors as close as possible to the device and connect device ground to the ground plane where available
Mount crystal and 1ts circuit traces away from switching digital lines and the VCLK, MCLK, and XTALOUT lines.

Figure 1
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Layout Considerations

Utilizing the 1CS2496 1n video graphics adapter cards or on
PS2 motherboards 1s simple, but does require precautions in
board layout if satisfactory jitter-free performance is to be
realized. Care should be exercised in ensuring that components
not related to the ICS2496 do not share its ground. In applica-
tions utilizing a multi-layer board, Vss should be connected
directly to the ground plane.

Frequency Reference

The internal reference oscillator contains all of the passive
components required. An appropriate crystal should be con-
nected between XTAL1 (16) and XTAL2 (1). In IBM-compat-
ible applications this will typically be a 14.31818 MHz crystal,
but fundamental mode crystals between 10MHz and 25MHz
have been tested. Maintain short lead lengths between the
crystal and the ICS2496. In some applications, 1t may be
desirable to utilize the bus clock. If the signal amplitude is
equal to or greater than 3.5 volts, it may be connected directly
to XTAL1 (16). If the signal amplitude is less than 3.5 volts,
connect the clock through a .047 microfarad capacitor to
XTAL1 (16), and keep the lead length of the capacitor to
XTALT1 (16) to a minimum to reduce noise susceptibility. This
input is internally biased at Vppy 2. Since TTL compatible
clocks typically guarantee a Von of only 2.8V, capacitively
coupling the input restores noise immunity. The 1CS2496 is
not sensitive to the duty cycle of the bus clock; however, the
quality of this signal varies considerably with different moth-
erboard designs. As the quality of this signal is typically outside
of the control of the graphics adapter card manufacturer, it is
suggested that this signal be buffered on the graphics adapter
board. XTAL2 (1) must be left open in this configuration.

Buffered XTALOUT

In motherboard applications it may be desirable to have the
ICS2496 provide the bus clock for the rest of the system. This
eliminates the need for an additional 14.31818 MHz crystal
oscillator in the system, saving money as well as board space.
Depending on the load, it may be judicious to buffer XTA-
LOUT when using it to provide the system clock.

Output Circuit Considerations

As the dot clock 1s usually the highest frequency present in a
video graphics system, consideration should be given to EMI.
To minimize problems with meeting FCC EMI requirements,
the trace which connects VCLK or MCLK and other compo-
nents in the system should be kept as short as possible. The
1CS2496 outputs have been designed to minimize overshoot.
In addition, it may be helpful to place a ferrite bead in these
signal paths to limit the propagation of high order harmonics
of this signal. A suitable device would be a Ferroxcube 56-590-
65/4B or equivalent. This device should be placed physically
close to the ICS2496. A 33 to 47 Ohm series resistor, some-
times called source termination, 1n this path may be necessary
to reduce ringing and reflection of the signal and may thereby
reduce phase-jitter as well as EMI.

External Frequency Sources

EXTFREQ on versions so equipped by the programming, 1s
an input to a digital multiplexer. When this input is enabled by
the FSO-3 selection, the signal driving pin 2 will appear at
VCLK (15) instead of the PLL output. Internally, the PLL will
remain in lock at the frequency selected by the ROM code.

The programming option also exists to output the crystal
oscillator output on VCLK. In the case where XTAL1 is being
driven by an external oscillator, then this frequency would
appear on VCLK if so programmed.

Digital Inputs

FS0 (3), FS1 (4), FS2 (6), and FS3 (7), are the TTL compatible
frequency select inputs for the binary code corresponding to
the frequency desired. STROBE (5), when high, allows new
data into the frequency select latches; and when low, prevents
address changes per Figure 2. The internal power-on-clear
signal will force an initial frequency code corresponding to an
all-zeros input state. MSO (8) and MS1 (9) are the correspond-
ing memory select inputs and are not strobed.
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Pin Descriptions
The following table provides the pin description for the 16-pin ICS2496 packages:

PIN NUMBER | PIN SYMBOL TYPE DESCRIPTION
1 XTAL2 OuT Crystal interface
2 EXTFREQ IN External clock input (if so programmed)
3 FSO IN Control input for VCLK selection
4 FS1 IN Control input for VCLK selection
5 STROBE IN Strobe for latching FS (0-3) (High enable)
6 FS2 IN Control input for VCLK selection
7 FS3 IN Control input for VCLK selection
8 MSO0 IN Select input for MCLK selection
9 MS1 IN Select input for MCLK selection
10 MCLK ouT Memory Clock Output
11 PWRDN IN Powerdown Control (low for powerdown)
12 VDD - Power
13 VSS - Ground
14 XTALOUT OouT Buffered Crystal Output
15 VCLK OouT Video Clock Output
16 XTALI1 IN Reference input clock from system

Standard Test Conditions

The characteristics below apply for the following standard test

Absolute Maximum Ratings

Ambient Temperature
under bias

0°Ct070°C

conditions, unless otherwise noted. All voltages are referenced

Storage temperature

-40 °C 10 125 °C

to GND. Positive current flows into the referenced pin.

Voltage on all inputs
and outputs with
respect to VSS

0.3 to 7 Volts

Operating Temperature
range

0°Cto70°C

Power supply voltage

3.0 t0 5.25 Volts

Note: Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage to the device. This is a
stress rating only, and functional operation of the device at
these or any other conditions above those indicated in the
operational sections of the specifications is not implied. Expo-
sure to absolute maximum rating conditions for extended peri-
ods may affect product reliability.
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DC Characteristics at 5 Volts Vpp

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
VDD Operating Voltage Range 4.75 5.25 \
VIL Input Low Voltage Vss 0.8 \ Vpp =5V
Vin Input High Voltage 2.0 VDD \Y% Vpp =5V
I Input Leakage Current - 10 A Vin=Vcc
VoL Output Low Voltage: VCLK, MCLK - 0.4 \ IoL = 8.0 mA
XTALOUT - 0.4 \Y IoL = 4.0 mA
VOH Olltpllt ngh Voltage: VCLK, MCLK 2.4 - \% IOH =8.0 mA
XTALOUT 24 - \Y Ion = 4.0 mA
Ipp Supply Current - 30 mA VDD =5V
Rup Internal Pullup Resistors 50 - K ohms VIN =0.0V
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz
IpN Powerdown Supply Current - 1.0 A Vpp=3.3V
RpN Internal Pulldown Equivalent 20 - K ohms VIN=VDD=5V
DC Characteristics at 3.3 Volts Vpp
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
VbpD Operating Voltage Range 3.0 3.6 \
ViL Input Low Voltage Vss 0.8 \% Vpp = 3.3V
Viu Input High Voltage 2.0 VpD v Vpp =3.3V
I Input Leakage Current - 10 UA Vin= VDD
VoL Output Low Voltage: VCLK, MCLK - 0.4 \% IoL=3.0mA
XTALOUT - 0.4 \Y IoL=1.5mA
Vou Output High Voltage: VCLK, MCLK 2.4 - \% Ion = 3.0 mA
XTALOUT 24 - \% IoL=15mA
Ipp Supply Current - 20 mA Vpp = 3.3V
Rup Internal Pullup Resistors 100 - K ohms VIN = 0.0V
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz
IpN Powerdown Supply Current - 1.0 uA Vpp =3.3V
RpN Internal Pulldown Equivalent 50 - K ohms VIN =VDpp =3.3V
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AC Timing Characteristics

The following notes apply to all of the parameters presented in this section:

1. REFCLK =14.318 MHz
2. Tec=1/Fc
3 All units are in nanoseconds (ns).
4. Maximum jitter is within a range of 30 us after triggering on a 400 MHz scope.
5. Rise and fall time is between 0.8 and 2.0 VDC unless otherwise stated.
6. Output pin loading = 15pF
7. Duty cycle is measured at Vpp/2 unless otherwise stated.
SYMBOL | PARAMETER MIN MAX NOTES
STROBE TIMING
Tpw Strobe Pulse Width 10 -
Tsu Setup Time Data to Strobe 10 -
Thd Hold Time Data to Strobe 2 -
MCLK and VCLK TIMINGS @ 5.0V
Tr Rise Time - 2 Duty Cycle 40% min. to
Tf Fall Time - 2 60% max.
- Frequency Error 0.5 %
- Maximum Frequency 135 MHz
- Propagation Delay for Pass Through - 20 ns
Frequency
- Output Enable to Tri-State 15 ns
(into and out of) time
MCLK and VCLK TIMINGS @ 3.3V
Tr Rise Time - 3 Duty Cycle 40% min. to
Tf Fall Time - 3 60% max.
- Frequency Error 5 %
- Maximum Frequency 110 MHz
- Propagation Delay for Pass Through - 30 ns
Frequency
- Output Enable to Tri-State 20 ns
(into and out of) time

.' Tpw !

STROBE % N
FSO-FS3 X | e

— Tsu —+— Thd —

Figure 2
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Advance Information

User-Programmable Dual High-Performance Clock Generator

Description

The ICS2595 is a dual-PLL (phase-locked loop) clock gener-
ator specifically designed for high-resolution, high-refresh
rate, video applications. The video PLL generates any of 16
pre-programmed frequencies through selection of the address
lines FSO-FS3. Similarly, the auxiliary PLL can generate any
one of four pre-programmed frequencies via the MS0 & MS1
lines.

A unique feature of the ICS2595 is the ability to redefine
frequency selections in both the VCLK and MCLK synthesiz-
ers after power-up. This permits complete set-up of the fre-
quency table upon system initialization.

Block Diagram

Features

e Advanced ICS monolithic phase-locked loop
technology for extremely low jitter

Supports high-resolution graphics - VCLK output to
145 MHz

Completely integrated - requires only external crystal
(or reference frequency and decoupling)

Powerdown modes support portable computing
Sixteen selectable VCLK frequencies (all user re-
programmable)

Four selectable MCLK frequencies (all user re-
programmable)

Applications

PC Graphics
VGA/Super VGA/XGA Applications.

MS] :I MCLK Se’r_I

[ |
XTAL1 ;ﬂ
Crystal {Reference  EXTFREQ
XTAL2 < Oscillator ! Divider ]
L |
Phase- [ /2
| Frequency | [Charge| |ycq |
| Comparator| | Pump h
[ - - /4 VCLK
: Prescoler J
| j /8
/M
|
MCLK PLL (as above) |~ ’Tz _‘ ‘
STROBE - ‘
VCLK Set & |
Eg? Program —‘; ‘—~ MCLK
ES2 Mode
83 Interface

%AJ
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Pin Configuration

XTAL1 —| - VDD
XTAL2 — — VCLK
EXTREFQ — — XTALOUT
FSO — +— RESERVED
FS1 — — VSS
STROBE — — VAA
FS2 — — VSS
FS3 — — VDD
MS0 — — MCLK
VSS—L__ —MSI

Pin Descriptions

PIN NUMBER PIN NAME TYPE DESCRIPTION

1 XTALI A Quartz crystal connection 1/Reference Frequency Input.
2 XTAL2 A Quartz crystal connection 2.
3 EXTFREQ I External Frequency Input
4 FSO I VCLK PLL Frequency Select LSB.
5 FS1 I VCLK PLL Frequency Select Bit.
7 FS2 I VCLK PLL Frequency Select Bit.
8 FS3 I VCLK PLL Frequency Select MSB.
6 STROBE 1 Control for Latch of VCLK Select Bits (FSO-FS3).
9 MSO I MCLK PLL Frequency Select LSB.
11 MSl1 1 MCLK PLL Frequency Select MSB.
19 VCLK O VCLK Frequency Output
18 XTALOUT (0] Buffered Referenced Clock Output
12 MCLK (0] MCLK Frequency Output

| 17 RESERVED - Must Be Connected to VSS.
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