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Using the ICS Data Book

The ICS Spring 1995 Data Book includes all of ICS’s standard products in each of the following product
lines: frequency timing generators, GENDACs,™ data and telecommunications, multimedia audio and
video and QuickSaver® battery charge controllers. The manual is organized by product lines, which are
further subdivided into product categories. Each product section includes an introduction, a product
selection guide with applications information, data classification definitions and the pertinent data sheets
for the ICS standard products within those categories.

Application notes for ICS’s products are incorporated within the appropriate sections. General applications
notes stand alone at the end of the chapter, while the more product-specific are located at the end of their
respective data sheets. You can find the general application notes easily in the Alpha Numeric Index located
on page A-3.

The individual data sheets include block diagrams with a package designation, pin descriptions, electrical
characteristics, absolute maximum ratings and ordering information. Package dimensions are located in
a separate section at the back of the book (Section K). The block diagram data notes the page on which
the actual package drawing is located.

Other sections in the 1995 edition of the Data Book include a Table of Contents, Alpha Numeric Index,
Ordering Information and Master Selection Guide (Section A), a description of our ASIC capabilities and
Quality Assurance procedures (Section J) and a complete list of ICS’s sales reps and distributors
(Section L).

Product samples or demo boards can be obtained by contacting any of the sales reps or distributors. For
further information, contact ICS Customer Service.

Integrated Circuit Systems, Inc.

2435 Boulevard of the Generals

P.O. Box 968 Valley Forge PA 19482-0968
(610) 630-5300 e fax (610) 630-5399

Any errors in content can be directed to MarCom at the above address.

GENDAC is a trad k of ] Circuit Inc.
Q is 8 reg di of Integrated Circuit Systems, Inc.




About ICS

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.

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 on 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 has leveraged its core technology into the communications arena, designing a Bellcore-
compliant clock generation and recovery circuit and parlaying its technology to create a family of highly
integrated, physical layer transceivers for Fast Ethernet/FDDI, ATM and SONET data rates.

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. Using inflection point
termination technology to fast charge batteries prolongs battery life and eliminates the memory effect. In
fact, NASA has judged ICS’s battery charging IC the safest of the new rapid-charge products.

Our goal at ICS is to produce and deliver products of
exceptional quality and reliability. To achieve that goal, we
control every phase of manufacturing and quality assur-
ance at all locations. We dedicate our efforts to meeting
your technical expectations, your delivery deadlines and
your competitive pricing needs. We strive to achieve a total
quality process that provides customers with products and
services that meet or exceed specification and performance
requirements, quality expectations and support needs be-
fore and after delivery.

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 spe-
cific 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. Dr. David Sear, Preside and CEO

Integrated Circuit Systems . . . Where the Digital World Meets the Real World.
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ICS Ordering Information

Device Identification
All ICS standard circuits are marked as shown in the following example:

Ordering Information

ICS XXXX-PPP M' X#wW?2

—— Lead Count & Package Width

Lead Count=1, 2 or 3 digits
W=.3" SOIC or .6" DIP
None = Standard Width

Package Type
N =DIP (Plastic) V=PLCC F=SSOP
M=S0IC Y =QFP; TQFP;MQFP

Pattern Number

(2 or 3 digit number for parts with
ROM code patterns)

Device Type

(Consists of 3 or 4 digits)
(Example: 1CS1702)

Prefix

ICS, AV =Standard Device;
GSP=Genlock Device

Package Type

Specific dimensions for each package can be found in the Standard Package
Dimensions (section K) section of this catalog.

Each data sheet references the respective package type and page number where
it can be located within section K.

! In some cases the Package Type may appear before the Pattern Number.
Note: THIS SECTION IS ONLY INCLUDED ON OLDER AV OR ICS PARTS.
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ICS Product Selection Guide

Video Timing Generator Products

PRODUCT ICS MAX CLOCK PACKAGE
APPLICATION DEVICE TYPE DESCRIPTION FREQUENCY OUTPUTS TYPES PAGE
1CS1494 Buffered XTAL Out, Lock Detect Output. 135 MHz 1TTL 20-Pin B-3
DIP, SOIC
1CS2494/ Buffered XTAL Out, Lock Detect Output. 135 MHz 2TTL 20-Pin B-11
ICS2494A DIP, SOIC
1CS2495 Small Footprint, Narrow Body 135 MHz 2TTL 16-Pin B-21
SOIC Package. DIP, SOIC
PC Graphics Clock 1CS2496 Low Voltage, 3/5 Volt Operation for 85/135 MHz 2TTL 16-Pin B-29
Generators Laptop/Notebook Applications. DIP, SOIC
Power-down Mode.
ICS2595 Programmable Dual 135 MHz 2TTL 20-Pin B-37
IC52494 Pin compatible. DIP, SOIC
ICS82C404 Dual ngramrmble Graphics Clock 120 MHz 2TTL 16-Pin B-47
ICD82C404 compatible. DIP, SOIC
ICS9161A Dual Programmable Graphics 135 MHz 3TTL 16-Pin B-89
Clock Generator. ICD2061 compatible. DIP, SOIC
ICS90C61A Drop-in upgrade for the WD90C61. 80 MHz 2TTL 20-Pin B-61
Integral Loop Filters. DIP, SOIC
PLCC
wCompaﬁblew ICS90C64A 'WD90C31 VGA Controller compatible. 80 MHz 2TTL 20-Pin B-71
Graphics Enhanced Version. Integral Loop Filter. DIP, SOIC
Clock Generators (Replaces ICS90C63, ICS90C64.) PLCC
ICS90C65 Low Voltage, 3/5 Volt. Power-down Mode. 80 MHz 2TTL 20-Pin B-81
WD90C26 VGA Controller compatible. DIP, SOIC
PLCC

Motherboard Timing Generator Products

NUMBER | NUMBER
PRODUCT ICS OF OF PACKAGE
APPLICATION DEVICE TYPE DESCRIPTION OUTPUTS PLL’s TYPES PAGE
ICS2407 IMI407, IMI409 and 6 2 18-Pin DIP, SOIC C3
1CS2409 IMI439 compatible. 9 2 24-Pin DIP, SSOP
1CS2419 - 10 2 24-Pin DIP, SSOP
1CS2439 9 2 24-Pin DIP, SSOP
ICS2492 Buffered XTAL Out. 3 2 20-Pin C-11
Tristate PLL Outputs. DIP, SOIC
1CS2494-244 Buffered XTAL Out. 3 2 20-Pin B-11
ICS2494A-317 | Note: See Video Dot Clock Section for DIP, SOIC
Motherboard Data.
ICS2694 9 Fixed, CPU-CPU/2 Selectable 11 2 24-Pin Cc-17
Provides CPU, Co-Processor, Hard DIP, SOIC
and Floppy Disk, Kbd, Ser. Port,
Bus CLK Function.
AV9107C CPU Clock Generator. 2 1 8-Pin DIP, SOIC Cc-23
14-Pin DIP, SOIC
1CS9108 3 Volt CPU Clock Generator. 2 1 8 or 14-Pin C-29
DIP, SOIC
Audio 1CS9120-08/ 3 Volt Multimedia Audio Synthesizer 4 1 8-Pin C-35
Synthesis 1CS9120-09 Clock Generator. SOIC
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Motherboard Timing Generator Products (continued)

NUMBER | NUMBER
PRODUCT ICS OF OF PACKAGE
APPLICATION DEVICE TYPE DESCRIPTION OUTPUTS | PLL’s TYPES PAGE
ICS9131 32 kHz Input Generates CPU Clocks. 3 2 16-Pin c41
SOIC, PDIP
Notebook ICS9133X | 32 kHz Input Generates CPU Clock 6 3 20-Pin c49
and SOIC, PDIP
System Clock and Two Fixed Clocks.
Sub-Notebook 1CS9134-06 32 kHz Motherboard 6 3 16-Pin C-55
1CS9134-07 Frequency Generator. SOIC
G d CPU, Reft and
One Fixed Clock.
AVI154A Low Cost 16-Pin Clock Generator. 7 2 16-Pin C-61
Peantium and Green PC Generates CPU Clock, DIP, SOIC
Systems Keyboard Clock,
System Clock and I/O Clock.
OPTi AV9154A-06 Clock Generator Designed for 5 2 16-Pin PDIP C-71
Notebook AV9154A-060 PTi Chip set. 16-Pin Narrow
SOIC
AV9155A Motherboard Clock Generator. 8 2 20-Pin C-77
Motherboard Produces CPU Clock, DIP, SOIC
Keyboard Clock,
System Clock and 1/0 Clock.
Desktop/Notebook ICS9158 Clock Generator with Integrated Buffers. 11 2 24-Pin SOIC C-39
Pentium Systems 1CS9159-02 Clock Generator and Integrated Buffers. 14 2 28-Pin SOIC C-95
1CS9160-03 Clock Generator for PowerPC 15 2 32-Pin SOIC C-99
PowerPC 03 Systems.
Sy 1Cs9178-02 Clock Generator for PowerPC 14 1 44-Pin PQFP C-103
601/601+ Systems.
Special Purpose ICs (Disk Drive, Low Skew (Pentium)
NUMBER | NUMBER
PRODUCT ICS OF OF PACKAGE
APPLICATION | DEVICE TYPE DESCRIPTION OUTPUTS | PLL's TYPES | PAGE
Motherboard ICS1694A Single Crystal Generates Three Low-Jitter Clocks. 3 1 8-Pin D-3
DIP, SOIC
Disk Drive or AV9110 User-Programmable “On-the-Fly”’; Low-Jitter makes it 1 1 14-Pin D-7
Video ideal for Disk Drive or Video Applications. DIP, SOIC
RAMBUS 1C59111-01 High Frequency Clock for RAMBUS Systems. 8-Pin SOIC | D-17
Modem ICs9123 High Resolution Clock Generator; One Channel has 6 3 16- or 20-Pin | D-19
Ethernet Accuracy to within 50 PPM. DIP, SOIC
AD1848
Telecom AV9170 Clock Synchronizer and Multiplier. 2 1 8-Pin D21
Radio DIP, SOIC
Video
Motherboard
Pentium AVIIT2 Low Skew Output Buffer. Low Skew and Jitter make it 6 1 16-Pin D37
ideal for Pentium Applications. DIP, SOIC
Video Genlock AV9173 Lost Cost Video Genlock PLL. 2 1 8-Pin D45
DIP, SOIC
Pentium PCs or 1CS9175 Low Skew Output Buffer Crystal Generates Six 6 1 16-Pin D-51
‘Workstations Low Skew, Low-Jitter Clocks. DIP, SOIC
Pentium or 1CS9176 Input Clock Generates /O Low Skew, Low-Jitter 11 1 28-Pin D-57
PLI Outputs. Ideal for Pentium or PLI Applications. PLCC
High Frequency ICS9177 High Frequency Clock Generator. 14 1 52-Pin D-63
Motherboard High-Performance, Low Skew, PECL and TTL QFP
Output Motherboard Clock Generator.




High-Performance Video Timing Generator Products

PRODUCT ICS MAX CLOCK PACKAGE
APPLICATION DEVICE TYPE DESCRIPTION FREQUENCY | OUTPUTS TYPES PAGE
Projection LCD ICS1522 User-Programmable Frequencies; 230 MHz Diff ECL 24-Pin E-3

Large-Panel LCD ‘Line Lock® Capability. SOIC
Medical Imaging 15 kHz to 1 MHz reference to
Systems 230 MHz output.
Virtual Reality
Systems
Mask Programmed ICS1561A +2,4,8 TTL Out. Integral Loop Filter. 180 MHz Diff ECL 20-Pin E-23
Workstation Replaces ICS1561 to 230 MHz, ROM-based. DIP, SOIC
High-Performance ICS1562A User-Programmable Frequencies. 230 MHz Diff ECL 16-Pin E31 ¢
Workstation RAMDAC Reset Logic [320+MHz] Narrow
(Brooktree compatible) to 400 MHz. [Special-Pin] SOIC
Workstation Clock 1CS1567 32 Frequency ROM-based Clock 180 MHz Diff ECL 20-Pin E-S1
Generators Reset Logic (Brooktree compatible) DIP, SOIC
to 180 MHz.
Mid-Range ICS1572 User-Programmable Frequencies. 180 MHz Diff ECL 20-Pin E-61
Workstation RAMDAC Reset Logic SOIC
(Brooktree compatible) to 180 MHz.
Laser Printers ICS1574 Laser Engine Pixel Clock to 400 MHz. 400 MHz 1TTL 16-Pin E-79
Narrow SOIC
Motherboard ICS1577 DEC Alpha™ CPU Clock to 466 MHz. 466 MHz Diff ECL 14-Pin E91
DIP
Mid-Range 1Cs2572 User-Programmable Dual PLL 185 MHz Diff ECL 20-Pin E-99
Workstation 16V +4M Locations. DIP, SOIC
Notes:
1. All products have internal loop filters except as noted.
2. All products operate at § volts typ. except as noted.
Alpha is a trad: k of Digital Equip Corporation.
Communications Products
PRODUCT ICS PACKAGE
APPLICATION DEVICE TYPE DESCRIPTION TYPES PAGE
Caller I.D. ICS1660 FSK Signal Interface Device. 18-Pin DIP F-3
20-Pin SOIC
ICS1884 SONET/SDH Clock Recovery 28-Pin SOIC F-15
On-chip VCXO, 51/155 Mb,
Bellcore Compliance.
ICS1885 LAN/WAN Transceiver 28-Pin SOIC F-27
26, 44, 51, 155 Mb.
ICS1886 LAN/WAN Transceiver 28-Pin SOIC F-33
32, 34,97 139 Mb.
LAN/WAN
Communications ICS1887 FDDU/Fast ENET Transceiver 28-Pin SOIC F-39
Systems 100Mb, Full duplex.
ICS1888 High-Performance Twisted Pair 10 be F-45
C ication PHY ceiver. determined
ICS1889 100Base-FX Integrated PHY ceiver. 52-Pin MQFP F-47
ICS1890 10Base-T/100Base-TX 52-Pin F-49
Integrated PHY ceiver. MQFP
ICS1891 100Base-TX Integrated PHY ceiver 52-Pin F-51
for Repeaters. MQFP




Multimedia Products

PRODUCT ICS PACKAGE
APPLICATION DEVICE TYPE DESCRIPTION TYPES PAGE
GSP500 VGA/NTSC Genlock. 68-Pin PLCC G3
GSP500 Application Notes
Video GSP600 VGA/PAL Genlock. 68-Pin PLCC G-49
Ta)
GSP600 Application Notes
ICS1522 Note: See High-Performance section for data. 24-Pin SOIC E-3
Codecs 1CS2002 Business Audio Codec. 44-Pin PLCC G-85
Sound/Video ICS2008A Improved SMPTE-MIDI Peripheral 44-Pin PLCC G-105
Synchronization
1Cs2101 5 Channel Digitally 28-Pin DIP, SOIC G-123
Audio Mixers Controlled Audio Mixer.
1CS2102 Sound Blaster Compatible Mixer. 28-Pin SOIC G-131
ICs2115 ‘WaveFront MIDI 84-Pin PLCC G-141
Synthesi 100-Pin TQFP
ICS2116 ‘WaveFront ISA Interface. 100-Pin PQFP G-171
Wavetable ICS2122 ‘WaveFront Sounds 44-Pin SOIC G-185
Synthesis 2Mb General MIDL.
1CS2124-001/ ‘WaveFront Sounds 44-Pin SOIC G-189
1CS2124-002 512kb General MIDI ROM.
1CS2125 ‘WaveFront Sounds 32-Pin SOIC G-193
4Mb CMOS Mask ROM.
Audio Synthesis 1CS9120-08/-09 Clock for Audio Systems. 8-Pin SOIC C-35
Clock Geernator Note: See Motherboard section for data.
GENDAC Products
PRODUCT ICS PACKAGE
APPLICATION DEVICE TYPE DESCRIPTION TYPES PAGE
1CS5300 Integrated Dual Clock. 8-bit Generic. 44-Pin PLCC H-3
Peg‘,’gm%fﬂm’ 1Cs5301 Integrated Dual Clock. 8-bit Tseng Compatible. 44-Pin PLCC H-33
Stamz;nrfo@wter ICS5340 Integrated Dual Clock. 16-bit Generic. 68-Pin PLCC H-63
ICS5341 Integrated Dual Clock. 16-bit Tseng Compatible. 68-Pin PLCC H-97
1CS5342 16-bit Integrated Clock, 68-Pin PLCC H-101
Palette RAM and DACs.
Power Management Products
MINIMUM
CHARGE TERMINATION ICS CHARGE PACKAGE
METHODS DEVICE TYPE DESCRIPTION RATE TYPES PAGE
Voltage Slope Hot Battery Shutdown. Four Rates 16-Pin DIP 13
Maximum Temperature ICS1700A Cold Battery Charge. (C2/to 4C) | 20-Pin SOIC
Charge Timer
Voltage Sloj Six Auxiliary Modes. Nine Rates 20-Pin DIP 127
Temperature Slope ICs1702 Hot Battery Shutdown. (C/4t0 4C) | 20-Pin SOIC
Maximum Temperature Cold Battery Charge.
Charge Timers Adjustable Battery Detection.
Voltage Sloj Hot Battery Shutdown. Four Rates 16-Pin DIP 1-57
Temperature Slope ICS1712 Cold Battery Charge. (C/210 4C) | 16-Pin SOIC
Maximum Temperature
Charge Timer
Voltage Slope ICs1722 Six Auxiliary Modes. Nine Rates 16-Pin DIP 79
Charge Timers Adjustable Battery Detection. (C/4t04C) | 16-Pin SOIC
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ICS
Video Timing Generator
Products

ICS is the recognized world leader in frequency synthesis technology. Our fre-
quency generators have revolutionized the way systems manufacturers generate and
control clocks. We have obsoleted the need for expensive, inflexible crystal
oscillators by replacing them with solid state CMOS clock generation. ICS’s low
cost, high quality and excellent service are some of the reasons why our frequency
generators are the industry’s first choice. First and foremost, however, is our
product diversity.

ICS has continued 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.
We provide the perfect system clock solution for a range of microprocessors
including advanced Pentium and Power PC systems. Moreover, ICS has double the
design of its competitors in motherboards, graphics, disk drivers and modems.

As a market-oriented company, ICS welcomes inquiries concerning our new
product areas or other frequency synthesis applications.

B-1




ICS Video Timing Generator Selection Guide

Product ICS Max Clock Package
Application Device Type Description Frequency | Outputs Types Page
ICS1494 Buffered XTAL Out, Lock Detect | 135 MHz | 1TTL 20-Pin B-3
Output. DIP, SOIC
1CS2494/94A | Buffered XTAL Out, Lock Detect | 135 MHz | 2 TTL 20-Pin B-11
Output. DIP, SOIC
1CS2495 Small Footprint, Narrow Body | 135MHz | 2 TTL 16-Pin B-21
SOIC Package. DIP, SOIC
PC 1CS2496 Low Voltage, 3/5 Volt Operation | 85/135 2TTL 16-Pin B-29
Clocks for Laptop/Notebook MHz DIP, SOIC
Applications. Power-down Mode.
1CS2595 Programmable Dual 135MHz | 2 TTL 20-Pin B-37
1CS2494 Pin Compatible. DIP, SOIC
1Cs82C404 Dual Programmable Graphics 120MHz | 2TTL 16-Pin B-47
Clock Generator. DIP, SOIC
ICD82C404 Compatible.
ICS9161A Dual Programmable Graphics 135MHz | 3TTL 16-Pin B-89
Clock Generator. PDIP, SOIC
1CD2061 Compatible
ICS90C61A Drop-in upgrade for the 80MHz | 2TTL 20-Pin B-61
WD90C61. DIP, SOIC,
Integral Loop Filters. PLCC
o ICS90C64A WD90C31 VGA Controller 80MHz | 2TTL 20-Pin B-71
ngggalt)i;)glletal Compatible. Enhanced Version. DIP, SOIC,
Clock Integral Loop Filter. PLCC
Generators (Replaces ICS90C63, ICS90C64.)
ICS90C65 Low Voltage, 3/5 Volt. 80MHz | 2TTL 20-Pin B-81
Power-down Mode. DIP, SOIC,
WD90C26 VGA Controller PLCC
Compatible.
Notes:

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

ADVANCE INFORMATION documents contain information on new products in the sampling or preproduction phase of development. Charactcristic data

and other specifications are subject to change without notice.

PRODUCT PREVIEW documents contain 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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ICS1494

Enhanced Video Dot Clock Generator

Features

Low cost - eliminates need for multiple crystal clock os-
cillators in video display subsystems

Mask-programmable frequencies

Pre-programmed versions for Industry Standard VGA chips
Glitch-free frequency transitions

Provision for external frequency input

Excellent power supply rejection

Small footprint - 20-pin DIP or SOIC

Appllcatlons

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
Motherboard - PS2™ display systems

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. Utilizing
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 applica-
tions in desktop publishing and workstation graphics. Provi-
sion 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 pro-
grammed 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 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 graphics system.

Features

135 MHz Guaranteed Performance

Fast acquisition of selected frequencies

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

F$3 = 1 ~ 20|~ Fs2
STROBE — 2 19 L FS1
vob = 3 18 |~ Fso

Fsa = 4 17 |~ vss
XTAL1 = 5 16 = LOCK

xta2 = & 15 |— XTALOUT

EXTFREQ — 7 14 - NG
vss — s 13 |~ NC.
FoutT = 9 12 |~ AvDD
VERTBLANK —| 10 1 |~ vss

20-Pin DIP or SOIC
K-4, K-7

Notes:

1 In applications where the external frequency 1nput 1s not specified,
EXTFREQ must be tied to VDD.

2. ICS1494M(SOIC) pinout 1s identical to ICS1494N(DIP).

ICS1494AReVA090694
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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 reference signal
amplitude is less than 3.5 volts, a .047 microfarad capacitor
should be used to couple the reference signal into XTALL.
Pin 6 must be left open.

The 1CS1494 is capable of multiplexing an externally gener-
ated frequency source of FOUT via a mask option, in addition
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 rapidly
change 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 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 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 component. The cost
of the discretes used in Figure 2 is 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 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 mini-
mized the effect of packaging and minimized the interaction
of the digital and analog supply currents.

Figure 1
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ICS1494

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 components
not related to the 1CS1494 do not share its ground. In appli-
cations 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.

+5Y
c2
q
FS3 0— L - R
STROBE O— 2 12 ———0 FS1
o T —
FS4
e Ics LocK
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EXTFREQ O pL3
——s 12
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Frequency Reference

The internal reference oscillator contains all of the passive
components required. An appropriate series-resonant crystal
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 between 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 XTAL1 (5). If the signal amplitude 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
XTALI1 (5) to a minimum to reduce noise susceptibility. This
input is internally biased at Vpps 2. Since TTL compatible
clocks typically exhibit a VoH 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 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
(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 requirements,
the trace which connects FOUT(9) and other components in
the system should be kept as short as possible. 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 programming,
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 internally, and
MUST be connected to VDD or left open, not grounded!

Digital Inputs

FS0 (18), FS1 (19), FS2 (20),FS3(1), and FS4 (4), are the
TTL compatible frequency select inputs for the binary code
corresponding to the frequency desired. STROBE (2), 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. VERTBLANK (10),
when low, inhibits the transfer of new frequency select infor-
mation. 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.




ICS1494

Absolute Maximum Ratings

Supply Voltage ............ Vbp...... -0.5Vto +7V

Input Voltage. ............. VIN....... -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...... +50mA

Operating Temperature. . . . . . To..oonnn. 0°Cto70°C
Storage Temperature. . ... ... Ts........ -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 Vin and Vour be constrained
to >= Vss and <=Vpp.

DC Characteristics (0 °C to 70 °C)

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
Vdd Operating Voltage Range 4.0 5.5 Vv
Vil Input Low Voltage Vss 0.8 \4 Vdd =5V
Vih Input High Voltage 2.0 Vdd \ Vdd =5V
Iin Input Leakage Current - 10 uA Vin = Ve
Vol Output Low Voltage - 04 \' Iol =4.0 mA
Voh Output High Voltage 24 - \ Ioh = 4.0 mA
Tdda Analog Supply Current - 5 mA Vdd = 5.0V, FOUT = 25 MHz
Tdda Analog Supply Current - 7 mA Vdd = 5.0V, FOUT = 110 MHz
Tddd Digital Supply Current - 12 mA Vdd = 5.0V, FOUT = 25 MHz
Tddd Digital Supply Current - 25 mA Vdd=5.0V,FOUT =110 MHz
Rup * __|Internal Pull-up Resistors 50 200 KObm _|Vdd=5V,Vp=0V
Cin 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:

1. Xtal Frequency = 14.31818 MHz
2. All units are in nanoseconds (ns).
3. Rise and fall time is between 0.8 and 2.0 VDC.
4. Output pin loading = 15pF
5. Duty cycle is measured at 1.4V.
6. Supply Voltage Range =4.75 to 5.25 Volts
7. Temperature Range =0 °C to 70 °C
SYMBOL | PARAMETER | MmN | Mmax | NOTES
STROBE TIMING
Tpw Strobe Pulse Width 20 | - |
Tsu Setup Time Data to Strobe | 10 | - !
Thd Hold Time Data to Strobe } 10 i - |
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

| ———

Tow ——

STROBE /

FSO-FS3

— Tsu —— Thd —

Figure 3
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Ordering Information
ICS1494AN-XXX or ICS1494AM-XXX

Example:

ICS XXXX M -XXX

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Package Type
N=DIP (Plastic)
M=SOIC
Device Type (consists of 3 or 4 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device

B-8
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ICS1494 Pattern Request Form

ICS produces a selection of standard pattern ICS1494’s pre-programmed for compatibility with many popular VGA
chipsets. Custom patterns are also available, although a significant volume commitment and/or one-time mask charge will
apply. Contact ICS sales for details.

ICS Part ICS1494- ICS 1494—T 1CS1494- ICS1494- ICS 1494- 1CS1494- 1CS1494 1CS149%4
Number 523 527 530 535 539 540 543 544
Compatible Tseng Labs Cirrus Logic NCR ATI Tseng Labs Raduwus Supermac Seiko-Epson
VGA ET4000 GD5320 71C22E ET4000
Chipsets GD6410 (2X Freq.)
Video Clock
Address Frequency Frequency Frequency Frequency Frequency Frequency Frequency Frequency
(HEX) (MHz) (MHz) (MHz) (MH2) (MH2z) (MH2z) (MHz) (MH?z)
0 25.175 XTAL XTAL 42 950 25.175 57.283 14318 28 636
1 28.322 16.257 16.257 48.770 28332 12.273 EXT 42 105
2 32.514 EXTFREQ EXTFREQ 92 400 32.514 14.500 12.273 47.846
3 36.000 32.514 32.514 36.000 36.000 15 667 15 667 78 431
4 40.000 25.175 25.175 50350 40.000 112 000 17734 XTAL
5 44.900 28.322 28322 56.644 44900 126.000 25175 21053
6 65.000 24.000 24 000 EXT 50.350 30240 30240 50.350
7 84.000 40.000 40.000 44.900 65.000 91.200 13.500 25175
8 25.175 XTAL 25.175 30.240 33 400 120.000 14.750 EXT
9 28.322 16.257 28.322 32.000 37.575 48.000 14.187 3.000
A 40.000 EXTFREQ 36.000 110.000 31.480 50.675 55.000 6.000
B 44.900 36.000 65.000 80.000 41.750 55.300 57283 8.000
C 32514 25.175 44.900 39.910 55.110 64.000 64.000 10.000
D 28.322 28.332 50.000 44.900 74 160 68.750 80.000 12.000
E 36.000 24.000 56.000 75.000 71.250 88.500 100 000 16.000
F 65.000 40.000 75.000 65.000 80.000 51.270 130.480 20000
10 25.175 XTAL 25.175 42950 50.350 100.000 28.322 25.000
11 28.322 65.028 28.322 48.770 56.664 95.200 36.000 30 000
12 32.514 EXTFREQ 40.000 92.400 65.028 55.000 40.000 32.000
13 36.000 36.000 65.000 36.000 72.000 60.000 40.900 33.000
14 40.000 25.175 44.900 50.350 80.000 63.000 44.900 40 000
15 44.900 28.332 50.000 56.644 89.800 99.522 50.000 44.000
16 56.000 24.000 56.000 EXT 75.000 130.000 62.000 46.000
17 65.000 40.000 75.000 44.900 108.000 80.000 65.000 50000
18 25175 44.900 25.175 30.240 70.000 25.175 75.000 60.000
19 28.322 50.344 28.322 32.000 75.000 28322 89.211 66.000
1A 32,514 16.257 EXTFREQ 110.000 85.000 48.000 99.522 70.000
1B 40.000 32.514 EXTFREQ 80.000 90.000 76.800 103 140 80.000
1C 44.900 56.644 60.000 39.910 95.000 38 400 107.350 90.000
1D 60.000 20.000 80.000 44.900 110.000 43.200 111.518 100 000
1E 80.000 50.000 EXTFREQ 75.000 115.000 61.440 113.484 110.000
1F 84.000 80.000 EXTFREQ 65.000 120.000 EXT 122 320 120.000

Standard frequency patterns are available and are included as an example.

Standard frequencies shown have been specified by and are supported by the respective VGA manufacturer.

All standard patterns shown above use 14.31818 MHz as the input reference frequency.

If the internal frequency to which the ICS1494 remains locked when EXTFREQ is selected is critical, it should be specified.
Order info: ICS1494M-XXX or ICS1494N-XXX (M= SOIC pkg., N= DIP pkg., XXX = Pattern number)
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1CS2494
ICS2494A

Dual Video/Memory Clock Generator

Features

e World standard ICS2494A has been reconfigured
to allow 8 memory frequencies.

e Mask-programmable frequencies

e Pre-programmed versions for Industry Standard
VGA chips

e Glitch-free frequency transitions

e Provision for external frequency input

e Internal clock remains locked when the external
frequency input is selected

e Low power CMOS device technology

e Small footprint - 20-pin DIP or SOIC

Applications

e VGA-Super VGA-XGA video adapters
e Workstations

e 8514A-TMS34010-TMS34020

e Motherboard

Description

The Dot Clock Generator is an integrated circuit dual phase-
locked loop frequency synthesizer capable of generating six-
teen video dot clock frequencies and eight memory clock
frequencies for use with high performance video display sys-
tems. Utilizing CMOS technology to implement all linear,
digital and memory functions, the ICS2494/94A provides a
low-power, small-footprint, low-cost solution to the generation
of video dot clocks. Outputs 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 transi-
tions between clock frequencies.

New Features

e Buffered XTAL Out

e Integral loop filter components

e Fast acquisition of selected frequencies, strobed or non-
strobed

o  Guaranteed performance up to 135 MHz

e  Excellent power supply rejection

e Advanced PLL for low phase-jitter

e 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.

Pin Configuration

XTAL1T =] 1 20 |~ DvVDD
XTAL — 2 19 = VCLK
EXTFREQ = 3 18 [ XTALOUT
FSO —] 4 17 |~ VvSss
FS1 =1 5 16 [— VSS
STROBE =] 6 15 |~ AVDD

Fs2 =3 7 14 I— VSS
FS3 — 8 13 |~ DVDD
MSO —1 9 12 |~ MCLK
MS0O =1 10 11 [ MSt

20-Pin DIP or SOIC
K-4, K-7

Notes:

1. In applications where the external frequency nput 1s not specified,
EXTFREQ must be tied to Vss.

2. ICS2494/94AM(SOIC) pinout is 1dentical to ICS2494/94AN(DIP)

2494/94ARevA090694
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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 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 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 con-
tent 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, 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
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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 di-
rectly 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
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Frequency Reference

The internal reference oscillator contains all of the passive
components required. An appropriate 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. XTAL?2 (2) must be left open in
this configuration.

Buffered XTALOUT

In motherboard applications it may be desirable to have the
ICS2494/94A 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 buff-
ered 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 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 Ferrox-
cube 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 termination, in this path may
be necessary to reduce ringing and reflection of the signal and
may reduce phase-jitter as well as EMI.

Digital Inputs

FSO0 (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. MSO (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 . ............... A% ) » P -0.5V to +7V

Input Voltage. . ................ VIN ...t -0.5V to Vpp+0.5V
Output Voltage ................ VOUT ««vvvevnnnn -0.5V to VDD+0.5V
Clamp Diode Current . . ......... Vik&lIok ....... +30mA

Output Current per Pin.......... IouT ....coveet +50mA

Operating Temperature. . ........ To.ovviiiiiin, 0°Cto70°C
Storage Temperature. . .......... Ts.oooooiiiiiii -85 °C to +150 °C
Power Dissipation. ............. Po..ooooiiin 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 VouT be constrained
to >= Vss and <=Vpp.

DC Characteristics (0 °C to 70°C)

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
VbD Operating Voltage Range 4.0 5.5 \
VIL Input Low Voltage Vss 0.8 \% Vdd =5V
VIH Input High Voltage 2.0 Vdd \ Vdd =5V
Iy Input Leakage Current - 10 uA Vin= Vcc
VoL Output Low Voltage - 0.4 \ Io1 =4.0 mA
VoH Output High Voltage 2.4 - \ Ioh =4.0 mA
IpD Supply Current - 35 mA Vdd = 5V, VCLK = 80 MHz
Rup * Internal Pull-up Resistors 50 200 K Ohm Vdd =5V, Vin =0V
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz

* The following inputs have pull-ups: FS0-3, MS0-1, 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 publication
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: E

1. Xtal Frequency = 14.31818 MHz

2. Tc=1/Fc

3. All units are in nanoseconds (ns).

4. Rise and fall time is between 0.8 and 2.0 VDC.
5. Output pin loading = 25pF

6. Duty cycle is measured at 1.4V.

7. Supply Voltage Range = 4.0 to 5.5 Volts

8. Temperature Range = 0 °Ct070 °C

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 - 3 Duty Cycle 40% min. to
Tf Fall Time - 3 60% max.
- Frequency Error 0.5 %
- Maximum Frequency 135 MHz
- Propagation Delay for - 15 ns
Pass Through Frequency

— Tpw ——

STROBE /
FSO—FS3 >< >< N

— Tsu — Thd —

N\

Figure 3
Ordering Information
ICS2494AN-XXX or ICS2494AM-XXX

Example:

ICS XXXX M -XXX
1 Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Package Type
N=DIP (Plastic)
=SOIC

Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device
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1CS2494 Standard Patterns

ICS produces a selection of standard pattern ICS2494’s pre-programmed for compatibility with many popular VGA
chipsets. Custom patterns are also available, although a significant volume commitment and/or one-time mash charge will
apply. Contact ICS sales for details.

ICS Part 1CS2494- ICS 9294- 1CS2494- 1CS2494- 1CS2494- 1CS2494- 1CS2494- 1CS2494-
Number 236 237 240 244 245/307 247 253 256
ICS2494A - ICS2494A- ICS2494A
310%! 304+ 317+
Compatible | Cirrus Logic | TsengLabs Texas. Instr. | Motherboard Cirrus Logic NCR S3
" VGA GD6410 ET4000 TMS34010 Applications GD5320 T1C22E 86C911
Chipsets ET400-W32 TMS34020 | (CPU Clocks) 86C924
Acer M3125
Video Clock
Address Frequency Frequency Frequency Frequency Frequency Frequency Frequency Frequency
(HEX) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz)
0 XTAL 50.350 25.175 20.000 50.350 XTAL 25.175 25.175
1 65.028 56.644 28.332 24.000 56.644 16.257 28322 28.322
2 EXTFREQ 65.000 28.636 32.000 65.000 EXTFREQ 40.000 40.000
3 36.000 72.000 36.000 40.000 72.000 32.514 65.000 EXTFREQ
4 25.175 80.000 40.000 50.000 80.000 25175 44.900 50.000
5 28.322 89.800 42.954 66.667 89.800 28.322 50.000 77.000
6 24.000 63.000 44.900 80.000 63.000 24.000 130.000 36.000
7 40.000 75.000 57.272 100.000 75.000 40.000 75.000 44.889
8 44.900 25175 60.000 54.000 25.175 XTAL 25175 130.000
9 50.350 28322 63.960 70.000 28.322 16.257 28.322 120.000
A 16.257 31.500 75.000 90.000 31.500 EXTFREQ EXTFREQ 80.000
B 32514 36.000 . 80.000 110.000 36.000 36.000 EXTFREQ 31.500
C 56.644 40.000 85.000 25.000 ___40.000 25.175 60.000 110.000
D 20.000 44.900 99.000 33.333 44.900 28.322 80.000 65.000
E 41.539 50.000 102.000 40.000 50.000 24.000 EXTFREQ 75.000
F 80.000 65.000 108.000 50.000 71.500 40.000 EXTFREQ 72.000
Memory
Clock Frequency Frequency Frequency Frequency Frequency Frequency Frequency Frequency
Address (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz)
(HEX)
0 32.900 40.000 64.000 16.000 40.000 31.000 50.000 55.000
1 35.600 41.612 40.000 24.000 41.612 36.400 60.000 75.000
2 43.900 44.744 48.000 50.000 44.744 43.900 65.000 70.000
3 49.100 50.000 60.000 66.667 50.000 49.100 75.000 80.000

*1 ICS2494A-310 directly replaces ICS2494-236.

*2 ICS2494A-304 directly replaces ICS2494-237.

*3 JCS2494A-317 directly replaces 1CS2494-244.

*4 ICS2494A-318 directly replaces 1CS2494-266.

Standard frequencies shown have been specified by and are supported by the respective VGA manufacturer.

All standard patterns shown above use 14.31818 MHz as the input reference frequency.

Order info: 1CS2494M-XXX or ICS2494N-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)
ICS2494AM-XXX or ICS2494AN-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)
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ICS Part 1CS2494- 1CS2494- 1CS2494 1CS2494- 1CS2494- 1CS2494- 1CS2494- 1CS2494- 1CS2494-
Number 260 263 266 271/321 273 275 277 280 281
1CS2494-
318+
Compatible Weitek NCR Cirrus Logic Headland S3 NCR S3 Tseng
VGA W5086 TIC22E GD5410 HT216 86C801 77C22E+ 86C801
Chipsets W5186 HT216-32 86C805 86C805
86C928
Video Clock
Address Frequency | Frequency | Frequency | Frequency | Frequency | Frequency | Frequency | Frequency | Frequency
(HEX) (MHz) (MHz) (MHz) (MHz) _(MHz) (MHz) (MHz) (MH?z) (MHz)
0 50.350 25.175 30.250 25.175 25175 25.175 25.175 25.175 50.350
1 56.644 28.322 65.000 28.322 28.322 28.322 28.322 28.322 56.644
2 33.250 36.000 85.000 EXT 40.000 40.000 36.000 40.000 65.000
3 52.000 65.000 36.000 44.900 32.500 EXTFREQ 65.000 EXT 72.000
4 80.000 44.900 25.175 41.539 50.350 50.000 44.900 50.000 80.000
5 63.000 50.000 283.322 78.000 65.000 77.000 50.000 77.000 89.800
6 EXTFREQ 80.000 34.000 79.200 38.000 36.000 80.000 36.000 63.000
7 75.000 75.000 40.000 80.000 44.900 44.889 75.000 44,889 75.000
8 25175 25.175 44.900 31.469 31.500 130.000 56.644 130.000 83.078
9 28.322 28.322 50.350 35.402 36.000 120.000 63.000 120.000 93.463
A .31.500 EXTFREQ 31.500 EXTFREQ 80.000 80.000 72.000 80.000 100.000
B 36.000 EXTFREQ 32.500 56.125 63.000 31.500 130.000 31.500 104.000
C 40.000 60.000 63.000 51.924 50.000 110.000 90.000 110.000 108.000
D 44.900 80.000 72.000 91.000 100.00 65.000 100.000 65.000 120.000
E 50.000 EXTFREQ 75.000 87.406 76.000 75.000 110.000 130.000
E _ 65.000 EXTFREQ | _ 80.000 _36.000 __110.000 94.500 __120.000 . 134,700
Memory
Clock Frequency | Frequency | Frequency | Frequency | Frequency | Frequency | Frequency | Frequency | Frequency
Address (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz)
(HEX)
0 40.000 50.000 36.000 51.924 70.000 45.000 50.000 55.000 50.000
1 33.333 40.000 44.000 41.539 63.830 38.000 60.000 60.000 55.000
2 45.000 65.000 49.000 44.900 60.000 52.000 65.000 70.000 60.000
3 50.000 75.000 40.000 56.125 81.000 50.000 75.000 65.000 65.000

*]1 ICS2494A-310 directly replaces ICS2494-236.

*2 ICS2494A-304 directly replaces ICS2494-237.

*3 JCS2494A-317 directly replaces [CS2494-244.

*4 ICS2494A-318 directly replaces ICS2494-266.

Standard frequencies shown have been specified by and are supported by the respective VGA manufacturer.

All standard patterns shown above use 14.31818 MHz as the input reference frequency.

Order info: ICS2494M-XXX or ICS2494N-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)
ICS2494AM-XXX or ICS2494AN-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)
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ICS Part ICS2494A- 1CS2494- 1CS2494- ICS2494A- ICS2494A - ICS2494A - ICS2494A-
Number 305 306 314 319 320 322 324
Compatible S3 Cirrus Logic Texas AdvanceLogic Tseng Labs
VGA 86C924 GD6410 Instruments ALG2101 ET4000
Chipsets GD6412 ALG2201 ET4000 W32
Video Clock
Address Frequency Frequency Frequency Frequency Frequency Frequency Frequency
(HEX) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz)
0 25.175 XTAL 12.273 25.175 50.350 20.000 50.000
1 28.322 65.000 13.500 28.322 56.644 20.480 56.644
2 40.000 EXTFREQ 14.750 40.000 89.800 24.576 65.000
3 EXTFREQ 36.000 25.175 72.000 72.000 24.704 72.000
4 50.000 25.175 28.322 50.000 75.000 25216 80.000 -
5 77.000 28.322 36.000 77.500 65.000 25.248 89.800
6 36.000 24.000 40.000 36.000 63.000 25.600 63.000
7 44.889 40.000 44.900 44,900 80.000 26.000 75.000
8 130.000 44.900 50.000 63.000 57.272 28.800 83.078
9 120.000 50.350 64.000 100.000 85.000 29.491 93.463
A 80.000 16.257 75.000 80.000 94.000 30.720 100.000
B 31.500 32.514 80.000 31.500 96.000 32.768 104.000
[} 110.000 56.644 100.000 110.000 100.000 33.6000 108.000
D 65.000 20.000 108.000 65.000 108.000 44,736 120.000
E 75.000 41.539 120.000 75.000 110.000 9.600 130.000
_F _94.500 80.000 135.000 94.500 77.000 20.500 134.700
Memory
Clock Frequency Frequency Frequency Frequency Frequency Frequency Frequency
Address (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz)
(HEX)
0 55.000 32.900 32.000 48.000 76.000 15.360 50.000
1 75.000 35.600 40.000 52.500 80.000 13.947 56.000
2 70.000 43.900 48.000 55.000 85.000 13.947 60.000
3 80.000 39.900 60.000 50.000 90.000 24.000 65.000

*1 ICS2494A-310 directly replaces ICS2494-236.

*2 ICS2494A-304 directly replaces ICS2494-237.

*3 1CS2494A-317 directly replaces ICS2494-244.

*4 1CS2494A-318 directly replaces ICS2494-266.

Standard frequencies shown have been specified by and are supported by the respective VGA manufacturer.

All standard patterns shown above use 14.31818 MHz as the input reference frequency.

Order info: ICS2494M-XXX or ICS2494N-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)
ICS2494AM-XXX or ICS2494AN-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)
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ICS Part 1CS2494- 1CS2494- 1CS2494- 1CS2494- 1CS2494- 1CS2494 1CS2494-
Number 325 326 330 334
Compatible Maxtek
VGA
Chipsets
Video Clock
Address Frequency Frequency Frequency Frequency Frequency Frequency Frequency
(HEX) (MH?z) (MHz) (MHz) | (MHz) (MHz) (MHz) (MHz)

0 25.175 66.000 18.432 25.175
1 28.322 62.000 31.470 28.322
2 31.500 61.236 50.000 31500
3 36.000 61.000 EXTFREQ 36.000
4 40.000 60.500 48.000 40.000
5 44.900 60.000 54.000 44.900
6 50.350 59.300 59.200 50000
7 65.000 59.000 75 500 65.000
8 56.644 58.968 96.000 75.000
9 72.00 57.200 108.778 77500
A 75.000 56.200 73410 80.000
B 77.000 55.500 50.490 90.000
C 80.000 40.000 110.439 100.000
D 94.500 38.200 100.000 110.000
E 120.000 32.500 125.000 126.000
E 108.000 30.500 135.000 135.000

Memory

Clock Frequency Frequency Frequency Frequency Frequency Frequency Frequency
Address (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz)
(HEX)

0 45.000 48.000 47.720 60.000
1 50.000 50.000 45.000 50.000
2 65.000 40.000 40.000 55.000
3 70.000 60.000 50.000 50.000

*]1 ICS2494A-310 directly replaces 1CS2494-236.

*2 ICS2494A-304 directly replaces 1CS2494-237.

*3 ICS2494A-317 directly replaces ICS2494-244.

*4 ICS2494A-318 directly replaces 1CS2494-266.

Standard frequencies shown have been specified by and are supported by the respective VGA manufacturer.

All standard patterns shown above use 14.31818 MHz as the input reference frequency.

Order info: 1CS2494M-X XX or ICS2494N-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)
ICS2494AM-XXX or ICS2494AN-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)

B-19




B-20



Circuit
Systems, Inc.

F A Ics Integrated
lll" )

1CS2495

Dual Video/Memory Clock Generator

Features

e Low cost - eliminates need for multiple crystal clock
oscillators in video display subsystems

e  Mask-programmable frequencies

e  Pre-programmed versions for Industry Standard VGA
chips

e  Glitch-free frequency transitions

e Internal clock remains locked when the external fre-
quency input is selected

e Low power CMOS device technology

e Small footprint - 16-pin DIP or SOIC

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. Utilizing CMOS
technology to implement all linear, digital and memory func-
tions, the ICS2495 provides a low-power, small-footprint,
low-cost solution to the generation of video dot clocks. Outputs
are compatible with XGA, VGA,EGA, MCGA, CGA, MDA,
as well as the higher frequencies needed for advanced applica-
tions in desktop publishing and workstation graphics. Provi-
sion 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 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 system.

Buffered Xtal Out

o Integral Loop Filter components

e  Fast acquisition of selected frequencies, strobed or non-
strobed

e  Guaranteed performance up to 135 MHz

e  Excellent power supply rejection

e Advanced PLL for low phase-jitter

e  Frequency change detection circuitry enhances new fre-

quency acquisition and eliminates problems caused by

programs that rewrite frequency information

Pin Configuration

xtaz = 1 7 16 = xTALt
EXTFREQ —| 2 15 = VCLK
Fso — 3 14 |= XTALOUT
FS1 —| 4 13 |~ vss
sTROBE —| 5 12 = VDD
Fs2 =] 6 1= ne
Fs3 — 7 10 - mek
Mso —| 8 9|~ wmsi

16-Pin DIP or SOIC
K-4, K-6

Notes:
1. ICS2495M(SOIC) pinout 1s identical to ICS2495N(DIP).

1CS2595RevA090694
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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 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.

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 10 MHz and 25 MHz
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
XTAL1 (16) to a minimum to reduce noise susceptibility. This
input is internally biased at Vpps 2. Since TTL compatible
clocks typically guarantee a Vog 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.

10

5.0v
C3 [C2

A |22

EXTFREQ 0——&] 15 o VCLK
FSO o3 14 O XTALOUT
Fs1 o—4 13 __

1CS2495

STROBE o0——— 3. S 12
Fs2 o— & 1t o NC
FS3 o 7 10 -0 MCLK
mMso o—8 9 o MST

NOTES:

FS3-FS0, MS1-MS0, EXTFREQ, and STROBE mputs are all equipped with pull-ups 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 its circuit traces away from switching digital lines and the VCLK, MCLK and XTALOUT lines.

Figure 1
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Buffered XTALOUT

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 FS0-3 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

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 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 ouT 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 XTAL1 IN Reference input clock from system

Standard Test Conditions

The characteristics below apply for the following standard test

Absolute Maximum Ratings

Ambient Temperature 0°C to 70 °C conditions, unless otherwise noted. All voltages are referenced
under bias to Vss (OV Ground). Positive current flows into the referenced
Storage temperature -40 °C to 125 °C pif
Voltage on all inputs 0.3 to 7 Volt; -
and 0%1 outs wilthpu 0/ Volts Operating Temperature 0°Cto 70 °C
respect to Vss 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
VbpD Operating Voltage Range 4.75 5.25 \%
ViL Input Low Voltage Vss 0.8 v Vbp=5V
ViH Input High Voltage 2.0 VbpD \ Vpp =5V
I Input Leakage Current - 10 A Vin=Vcc
VoL Output Low Voltage: VCLK, MCLK - 04 \% IoL = 8.0 mA
XTALOUT - 0.4 \Y% IoL =4.0 mA
Vou Output High Voltage: VCLK, MCLK 2.4 - v IoH =8.0 mA
XTALOUT 2.4 - \% IoH = 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

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 us 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 %

- Maximum Frequency 135 MHz

- Propagation Delay for Pass Through - 20 ns

Frequency
- Output Enable to Tristate 15 ns
(into and out of) time
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— Tpw —

STROBE % N

FSO—FS3 X | X

— Tsu —+ Thd —

Figure 2

Ordering Information
ICS2495N-XXX or ICS2495M-XXX

Example:

ICS XXXX M -XXX

—[——' Pattern Number (2 or 3 digit number for parts with ROM code patterns)

Package Type

N=DIP (Plastic)

M=SOIC
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device
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1CS2495 Pattern Request Form

Custom patterns are also available, although a significant volume commitment and/or one-time mask charge will apply.
Contact ICS sales for details.

ICS Part 1CS2495- 1CS2495-
Number
Compatible Custom Custom
VGA Pattern # 1 Pattern # 2
Chipsets
Video Clock Frequency Frequency
Address(HEX) (MHz) (MHz)
0
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F
Memory Clock Frequency Frequency
Address(HEX) (MHz) (MHz)
0
1
2
3

Custom pattern # 1 reference frequency =

Custom pattern # 2 reference frequency =

Standard frequencies shown have been specified by and are supported by the respective VGA manufacturer.

All standard patterns shown above use 14.31818 MHz as the input reference frequency.

If the internal frequency to which the ICS2495 remains locked to is critical when EXTFREQ is selected, it should be
specified.

Order info: ICS2495M-XXX or ICS2495N-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)
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1CS2496

Dual Voltage Video/Memory Clock Generator

Features

e  Specified for dual voltage operation (Vpp = 3.3V or 5V)
but operates continuously from 3.0V to 5.25V

e Power-down 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

e Low power CMOS device technology

e Excellent power supply rejection

e Integral Loop Filter components

e Mask-programmable frequencies

e Small footprint - 16-pin DIP or SOIC

Description

The ICS2496 has been specifically designed to serve the
portable PC market with operation at either 3.3V or 5V witha
comprehensive power-saving shut down mode.

The ICS2496 Clock Generator is a dual phase-locked loop
frequency synthesizer capable of generating 16 video frequen-
cies and four memory clock frequencies for use with high
performance video display systems. Utilizing CMOS technol-
ogy to implement all linear, digital and memory functions, the
ICS2496 provides a low power, small footprint, low cost
solution to the generation of video dot clocks. 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 16 clock rates, the ICS2496 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 system.

Generates 16 video clock frequencies derived from a
14.318 MHz system clock reference frequency

Provision for external frequency input

Video clock is selectable among the 16 internally gener-
ated clocks, one external clock, or the buffered crystal
oscillator

Internal clock remains locked when the external frequency
input is selected

On-chip generation of four memory clock frequencies
Patented technique eliminates cross-interference between
video and memory clocks

Fast acquisition of selected frequencies, strobed or non-
strobed

Pin Configuration

xtae— 1~ 16 |~ xTAL1
EXTFREQ—] 2 15 = VCLK
Fso— 3 14 |= XTALOUT
Fs1=— 4 13 |~ vss
STROBE—{ 5 12 |~ voD
Fs2=— 6 11 |— PWRDN
Fs3=— 7 10 = MCLK
Mso—| 8 9 |~ Mst

16-Pin DIP or SOIC
K-4, K-6

Notes:
1. ICS2496M(SOIC) pinout 1s 1dentical to ICS2496N(DIP).
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Circuit Function and Application

“Power-down”

The ICS2496 has been optimized for use in battery operated
portables. It can be placed in a power-down 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 supply 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 XTALLI is
driven at 14.318 MHz while the chip is in power-down, the
ICS2496 supply current will increase to approximately
1.2 mA.

The STROBE (pin 5) may be used to guard against inadvert-
ent frequency changes during power-down/power-up se-
quences. By holding the STROBE low during power-down 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.

Power Supply Conditioning

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

A |22

EXTFREQ o 2 15 o VCLK

vs0 o— 3| 14 o XTALOUT
4 13

VST o1 1CS2496 [, |

STROBE 0—— 3]
vs2 o— 6| 1 o PWRDN
V83 o— 7| 10 © MCLK
MS0 o——8/ 2 o MS1

£

NOTES:

FS3-FS0, MS1-MS0, EXTFREQ, and STROBE inputs are all equipped with pull-ups and need not be tied high.

PWRDN 1nput has an internal pull-down 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 hnes.

Figure 1
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Layout Considerations

Utilizing the ICS2496 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 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 10 MHz and 25 MHz
have been tested. Maintain short lead lengths between the
crystal and the ICS2496. 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
XTAL1 (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 ICS2496 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 is usually the highest frequency present in a
video graphics system, consideration should be given to EMIL
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, 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
oscillator 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

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. MS0 (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 Power-down Control (low for power-down)
12 VDD - Power
13 VSS - Ground
14 XTALOUT OuT Buffered Crystal Output
15 VCLK OuT Video Clock Output
16 XTAL1 IN Reference input clock from system

Standard Test Conditions

The characteristics below apply for the following standard test
conditions, unless otherwise noted. All voltages are referenced
to GND. Positive current flows into the referenced pin.

Absolute Maximum Ratings

Ambient Temperature
under bias

0°Cto70°C

Storage temperature

-40 °Cto 125 °C

Voltage on all inputs
and outputs with

respect to VSS

0.3 to 7 Volts

Operating Temperature 0°Cto70°C
range
Power supply voltage 3.0 to 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 \Y
ViL Input Low Voltage Vss 0.8 \% Vpp =5V |
VIH Input High Voltage 2.0 VbpD \% Vpp =5V
Iy Input Leakage Current - 10 LA Vin=Vcc
VOL Output LOW Voltage: VCLK, MCLK - 04 \'% lOL = 80 mA

XTALOUT - 04 \% IoL =4.0 mA
Vou Output High Voltage: VCLK, MCLK 2.4 - v Ion = 8.0 mA

XTALOUT 2.4 - \% IoH =4.0 mA
Ipp Supply Current - 30 mA VDD =5V
Rup Internal Pull-up Resistors 50 - K ohms VIN =0.0V
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz
IpN Power-down Supply Current - 1.0 LA Vpp=3.3V
RpN Internal Pull-down 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 \Y%
VIL Input Low Voltage Vss 0.8 \% Vpp =3.3V
VIH Input High Voltage 2.0 VDD \" Vpp = 3.3V
I Input Leakage Current - 10 UA Vin=VDD
VOL Output Low Voltage: VCLK, MCLK - 04 \'% IOL = 30 mA
XTALOUT - 04 \% IoL=1.5mA
VOH Output ngh Voltage: VCLK, MCLK 24 N \% IOH = 30 mA
XTALOUT 24 - \Y% IoL=1.5mA
Ipp Supply Current - 20 mA Vpp =3.3V
Rup Internal Pull-up Resistors 100 - K ohms VIN=0.0V
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz
IpN Power-down Supply Current - 1.0 UA Vpp =3.3V
RpN Internal Pulled-down Equivalent 50 - K ohms VIN =VDp =3.3V

AC Timing Characteristics

The following notes apply to all of the parameters presented in this section:

NN A W -

. REFCLK = 14.318 MHz

. Tc=1/Fc

. All units are in nanoseconds (ns).
. Maximum jitter is within a range of 30 ps after triggering on a 400 MHz scope.
. Rise and fall time is between 0.8 and 2.0 VDC unless otherwise stated.

. Output pin loading = 15pF
. Duty cycle is measured at VDD/2 unless otherwise stated.
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SYMBOL | PARAMETER i 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
I Tf Fall Time - 2 60% max. i

- Frequency Error | 0.5 % ‘

- Maximum Frequency } 135 MHz
I- Propagation Delay for Pass Through - | 20 ns |
: Frequency ‘ |

- Output Enable to Tristate | 15 ns

(1nto 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 %o

- Maximum Frequency | 110 MHz

- Propagation Delay for Pass Through - 30 ns

Frequency

I- | Output Enable to Tristate | 20 ns
1 | (into and out of) time |

! Tow ——

: N
STROBE i N

FSO-FS3 X K

— Tsu —— Thd —

Figure 2

Ordering Information
ICS2496N-XXX or ICS2496M-XXX

Example:

ICS XXXX M -XXX

‘— Pattern Number (2 or 3 digit number for parts with ROM code patterns)

Package Type

N=DIP (Plastic)

M=SO0IC
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device
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1CS2496 Pattern Request Form

ICS produces a selection of standard pattern ICS2496’s pre-programmed for compatibility with many popular VGA
chipsets. Custom patterns are also available, although a significant volume commitment and/or one-time mask charge will
apply. Contact ICS sales for details.

ICSPart | ICS2496- ICS2496- | 1CS2496-
Number 452 454 456
Compatible | Cirrus Logic | Cirrus Logic | Motherboard
VGA GD6410 GD6412 | Applications
Chipsets (CPU Clocks)
Video Clock | Frequency | Frequency | Frequency
Address(HEX)| (MHz) (MHz) (MHz)
0 XTAL XTAL 20.000
1 65.000 65.000 24.000
2 EXTFREQ |[EXTFREQ| 32.000
3 36.000 36.000 40.000
4 25.175 25.175 50.000
5 28.322 28.322 66.667
6 24.000 24.000 80.000
7 40.000 40.000 100.000
8 44.900 44.900 54.000
9 50.350 50.350 70.000
A 16.257 16.257 90.000
B 32514 32514 110.000
C 56.644 56.444 25.000
D 20.000 20.000 33.333
E 41.539 41.539 40.000
F 80.000 80.000 50.000
Memory Frequency | Frequency | Frequency
Clock (MHz) (MHz) (MHz)
Address(HEX)
0 32.900 32.900 16.000
1 35.600 35.600 24.000
2 43.900 43.900 50.000
3 49.100 39.900 66.667

Standard frequencies shown have been specified by and are supported by the respective VGA manufacturer.
All standard patterns shown above use 14.31818 MHz as the input reference frequency.
Order info: ICS2496M-XXX or ICS2496N-XXX (M= SOIC pkg., N= DIP pkg., XXX= Pattern number)
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ICS2595

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 FSO0-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

e Supports high-resolution graphics - VCLK output to
145 MHz

e  Completely integrated - requires only external crystal

(or reference frequency and decoupling)

Powerdown modes support portable computing

Sixteen selectable VCLK frequencies (all user re-

programmable)

e Four selectable MCLK frequencies (all user re-
programmable)

Applications

e PC Graphics
e VGA/Super VGA/XGA Applications

XTAL1

Reference
Divider

Crystal
Oscillator

XTAL2

EXTFREQ —,

2

‘ Phase- Charge
requency v
Comparator._| Pump || co

Prescaler

4 VCLK

8

MCLK PLL (as above)
STROBE 1 vCik set &
FS1 Program
FS2 Mode
FS3 Interface
MSO M
M1 CLK Set

/2

-

MCLK

/4

B |

ICS2595RevA090794

B-37




ICS2595

Pin Configuration

|
(
|

XTALA1 1 20 VDD
XTAL2 =] 2 19 |~ VCLK
EXTREFQ —| 3 18 |~ XTALOUT
FSO =1 4 17 |~ RESERVED
FSt =1 5 16 [~ VSS
STROBE —] 6 15 [~ VAA
FS2 1 7 14 |~ VSS
FS3 — 8 13 [~ VDD
MSO — 9 12 [~ MCLK
VSS — 10 11 = MStH

20-Pin DIP or SOIC
K-4, K-7

Pin Descriptions

PIN NUMBER PIN NAME TYPE DESCRIPTION
1 XTALI1 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 I Control for Latch of VCLK Select Bits (FSO-FS3).
9 MSO I MCLK PLL Frequency Select LSB.
11 MS1 I MCLK PLL Frequency Select MSB.
19 VCLK (6] VCLK Frequency Output
18 XTALOUT O Buffered Referenced Clock Output
12 MCLK O MCLK Frequency Output
17 RESERVED - Must Be Connected to VSS.
10, 14, 16 VSS P Device Ground. All pins must be connected.
13,20 VDD P Output Stage Vdd. All pins must be connected.
15 VAA P Synthesizer Vdd. ]
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Digital Inputs

The FS0-FS3 pins and the STROBE pin are used to select the
desired operating frequency of the VCLK output from the 16
pre-programmed/user-programmed selections in the ICS2595.
These pins are also used to load new frequency data into the
registers.

The standard 1nterface for the ICS2595 matches the interface
of the industry standard ICS2494. That is, the FSO-FS3 inputs
access the device internals transparently when the STROBE
pin is high.

Optional configurations of the STROBE input include: posi-
tive-edge triggered, negative-edge triggered, and low-level
transparent (See Ordering Information).

VCLK Output Frequency Selection

To change the VCLK output frequency, simply write the
appropriate data to the ICS2595 FS inputs. Do not perform any
further writes to the device for at least 50 milliseconds (as-
sumes a 14.318 MHz reference). The synthesizer will output
the new frequency programmed into that location after a brief
delay (see time-out specifications).

Upon device power-up, the selected frequency will be the
frequency pre-programmed into address O until a device write
is performed.

MCLK Output Frequency Selection

The MS0-MS1 pins are used to directly select the desired
operating frequency of the MCLK output from the four pre-
programmed/user-programmed selections in the ICS2595.
These inputs are not latched, nor are they involved with mem-
ory programming operations.

Programming Mode Selection

A programming sequence is defined as a period of at least 50
milliseconds (assumes 14.318 MHz reference) of no data
writes to the ICS2595 (to clear the shift register) followed by
a series of data writes (as shown here):

FSO

4]
—

FS2

FS3

START bit (must be “0”)

EXTFREQ bit (selected if “1”)

DO (post-divider LSB)

D1 (post-divider MSB)

STOP1 bit (must be “1”)

X X 0
X X 1
X X  |R/W#* control 0
X X ” 1
X X |LO (location LSB) 0
X X ” 1
X X L1 0
X X ” 1
X X L2 0
X X ” 1
X X |L3 0
X X ” 1
X X |L4 (location MSB) 0
X X ” 1
X X INO (feedback LSB) 0
X X ” 1
X X N1 0
X X ” 1
X X N2 0
X X ” 1
X X N3 0
X X 1
X X N4 0
X X ” 1
X X |IN5 0
X X ” 1
X X |IN6 0
X X ” 1
X X N7 (feedback MSB) 0
X X ” 1
X X 0
X X 1
X X 0
X X 1
X X 0
X X 1
X X 0
X X 1
X X 0
X X 1

STOP2 bit (must be “17)
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Observe that the internal shift register is “clocked” by a tran-
sition of FS3 data from “0” to “1.” If an extended sequence of
register loading is to be performed (such as a power-on initiali-
zation sequence), note that it is not necessary to implement the
50 millisecond delay between them. Simply repeat the se-
quence above as many times as desired. Writes to the FS port
will not be treated as frequency select data until up to 50
milliseconds have transpired since the last write. Note that FSO
and FS1 inputs are “don’t care.”

Data Description

Location Bits (L0-L4)

The first five bits after the start bit control the frequency
location to be re-programmed according to this table. The
rightmost bit (the LSB) of the five shown in each selection of
the table is the first one sent.

Table 1 - Location Bit Programming

L[4-0] LOCATION
00000 VCLK Address 0
00001 VCLK Address 1
00010 VCLK Address 2
00011 VCLK Address 3
00100 VCLK Address 4
00101 VCLK Address 5
00110 VCLK Address 6
00111 VCLK Address 7
01000 VCLK Address 8
01001 VCLK Address 9
01010 VCLK Address 10
01011 VCLK Address 11
01100 VCLK Address 12
01101 VCLK Address 13
01110 VCLK Address 14
01111 VCLK Address 15
10000 MCLK Address 0
10001 MCLK Address 1
10010 MCLK Address 2
10011 MCLK Address 3

Feedback Set Bits (NO-N7)

These bits control the feedback divider setting for the location
specified. The modulus of the feedback divider will be equal
to the value of these bits + 257. The least significant bit (NO)
is sent first.

Post-Divider Set Bits (D0-D1)

These bits control the post-divider setting for the location
specified according to this table. The least significant bit (DO)
is sent first.

Table 2 - Post-Divider Programming

D[1-0] POST-DIVIDER
00 8
01 4
10 2
11 1

Read/Write* Control Bit

When set to a “0,” the ICS2595 shift register will transfer its
contents to the selected memory register at the completion of
the programming sequence outlined above.

When this bit is a “1,” the selected memory location will be
transferred to the shift register to permit a subsequent readback
of data. No modification of device memory will be performed.

To readback any location of memory, perform a “dummy”
write of data (complete with start and stop bits) to that location
but set the R/W* control bit (make it “1”). At the end of the
sequence (i.e. after the stop bits have been “clocked”), “clock-
ing” of the FS3 input 11 more times will output the data bits
only in the same sequence as above on the FSO pin.

EXTFREQ Input

The EXTFREQ input allows an externally generated fre-
quency to be routed to the VCLK or MCLK output pins under
device programming control. If the EXTFREQ bit is set (logic
“1”) at the selected address location, the frequency applied to
the EXTFREQ input will be routed to the output instead of
the frequency generated by the VCLK (or MCLK) PLL.

When setting the EXTFREQ bit to a “1,” be sure that the DO
and D1 bits are not both set to “1” also, unless it is intended
that the phase-locked loop be shutdown as well.
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Power Conservation

The ICS2595 supports power conservation by permitting
either or both of the phase-locked loops to be disabled. This
can be done by programming a particular address to have
EXTFREQ, DO, & D1 bits set to a logic “1.” Any frequency
applied to the EXTFREQ pin will still be passed through the
output multiplexer and appear at the respective output.The
crystal oscillator is not affected by this power-down function
and will continue to operate normally.

Frequency Synthesizer Description
Refer to Figure 1 for a block diagram of the ICS2595.

The ICS2595 generates its output frequencies using phase-
locked loop techniques. The phase-locked loop (or PLL) is a
closed-loop feedback system that drives the output frequency
to be ratiometrically related to the reference frequency pro-
vided to the PLL. The phase-frequency detector shown in the
block diagram drives the VCO to a frequency that will cause
the two inputs to the phase-frequency detector to be matched
in frequency and phase. This occurs when:

Fvco=FXxT1ALI * %l

where N is the effective modulus of the feedback divider chain
and R is the modulus of the reference divider chain.

The feedback divider on the ICS2595 may be set to any integer
value from 257 to 512. This is done by the setting of the NO-N7
bits. The standard reference divider on the ICS2595 is fixed to
a value of 43 (this may be set to a different value via ROM
programming; contact factory). The ICS2595 is equipped with
a post-divider and multiplexer that allows the output frequency
range to be scaled down from that of the VCO by a factor of 2,
4,0r8.

Therefore, the YCO frequency range will be from 5.976 to
11.906 (257/43 to 512/43) of the reference frequency. The
output frequency range will be from 0.747 to 11.906 times the
reference frequency. Worst case accuracy for any desired fre-
quency within that range will be 0.2%.

If a 14.31818 MHz reference is used, the output frequency
range would be from 10.697 MHz to 170.486 MHz (but the
upper end is first limited to 145 MHz by the ICS2595 output
driver).

Programming Example

Suppose that we want differential CLK output to be 45.723 MHz.
We will assume the reference frequency to be 14.31818 MHz.

The VCO frequency range will be 85.565 MHz to 170.486
MHz (5.976 * 14.31818 to 11.906 * 14.31818). We will need
to set the post-divider to two to get an output of 45.723 MHz.

The VCO will then need to be programmed to two times 45.723
MHz, or 91.446 MHz. To calculate the required feedback
divider modulus we divide the VCO frequency by the reference
frequency and multiply by the reference divider:

91.446 _
I3 1aTg T43=274.62

which we round off to 275. The exact output frequency will be:

21 1431818+ 5 =45.784 MHz

The value of the N programming bits may be calculated by
subtracting 257 from the desired feedback divider modulus.
Thus, the N value will be set to 18 (275-257) or 000100102.
The D bit programming is 102 (from Table 2).

Reference Oscillator & Crystal
Selection

The ICS2595 has on-board circuitry to implement a Pierce
oscillator with the addition of only one external component, a
quartz crystal. Pierce oscillators operate the crystal in parallel-
resonant (also called anti-resonant mode). See the AC Charac-
teristics for the effective capacitive loading to specify when
ordering crystals.

Crystals characterized for their series-resonant frequency may
also be used with the ICS2595. Be aware that the oscillation
frequency in circuit will be slightly higher than the frequency
that is stamped on the can (typically 0.025-0.05%).

As the entire operation of the phase-locked loop depends on
having a stable reference frequency, we recommend that the
crystal be mounted as closely as possible to the package. Avoid
routing digital signals or the ICS2595 outputs underneath or
near these traces. It is also desirable to ground the crystal can
to the ground plane, if possible.
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External Reference Sources

An external frequency source may be used as the reference for
the VCLK and MCLK PLLs. To implement this, simply con-
nect the reference frequency source to the XTALI pin of the
ICS2595. For best results, insure that the clock edges are as
clean and fast as possible and that the input voltage thresholds
are not violated.

Power Supply

The ICS2595 has three VSS pins to reduce the effects of
package inductance. All pins are connected to the same poten-
tial on the die (the ground bus). ALL of these pins should
connect to the ground plane of the video board as close to the
package as is possible.

The ICS2595 has two VDD pins which supply of +5 volt
power to the output stages. These pins should be connected to
the power plane (or bus) using standard high-frequency decou-
pling practice. That is, use low-capacitors should have low
series inductance and be mounted close to the ICS2595.

The VAA pin is the power supply for the synthesizer circuitry
and other lower current digital functions. We recommend that
RC decoupling or zener regulation be provided for this pin (as
shown in the recommended application circuitry). This will
allow the PLL to “track” through power supply fluctuations
without visible effects.
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Absolute Maximum Ratings

Supply voltage .............. .. ... . ... -5Vito+7V
Logic inputs . .. ..ot 5V to VDD +.5V
Ambient operatingtemp. . ..................... 0to 70°C

Storage temperature . ......................... -85 to +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.

DC Characteristics

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
TTL-Compatible Inputs
(VS0-3, MS0-1, STROBE):
Input High Voltage Vih 2.0 VDD=0.5 v
Input Low Voltage Vi VSS-0.5 0.8 v
Input High Current Iin 10 uA
Input Low Current I 200 uA
Input Capacitance Cin 8 pF
XTAL1:
Input High Voltage Vxh VDD*0.75 VDD+0.5 v
Input Low Voltage Vxl VSS-0.5 VDD*0.25 v
VCLK, MCLK Outputs:
Output High Voltage Voh 24 A%
@Joh=0.4mA
Output Low Voltage Vol 0.4 v
@Jol=8.0mA
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AC Characteristics

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS

Phase-Locked Loop:

VCLK, MCLK VCO Fvco 60 185 MHz

Frequency

PLL Acquire Time Tlock 500 uSec
Crystal Oscillator

Crystal Frequency Range Fxtal 5 25 MHz

Parallel Loading 20 pf

Capacitance

XTAL1 Minimum High Txhi 8 nSec

Time

XTAL1 Minimum low Txlo 8 nSec

Time
Power Supplies:

VDD Supply Current idd 35 mA

VAA Supply Current laa 10 mA
Digital Outputs:

VCLK, MCLK, Tr 2 nSec

XTALOUT Rise Time

@Cload=20pf

VCLK, MCLK, Tf 2 nSec

STALOUT Fall Time

@Cload=20pf
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PATTERN 1CS2595-01
Reference Divider 43
VCLK ADDR FbkDiv/PostDiv - FvcLk(MHz)
0 300/1- 99.89
1 378/1 - 125.87
2 277/1 -92.24
3 432/4 - 35.96
4 302/2 - 50.28
5 340/2 - 56.61
6 EXTFREQ-
7 270/2 - 44.95
8 405/1 - 134.86
9 384/4 -31.97
A 330/1 - 109.88
B 481/2 - 80.08
C 479/4 - 39.87
D 270/2 - 44.95
E 450/2 - 74.92
F 390/2 - 64.93
MCLK ADDR FbkDiv/PostDiv - FMcLK

0 481/4 - 40.04
1 270/2 - 44.95
2 396/4 - 32.97
3 300/2 - 49.95

Ordering Information
ICS2595N-SXX or 1CS2595M-SXX (0.300" DIP or SOIC Package)

Example:

ICS XXXX N -SXX

S=Strobe Option/XX=Default Frequencies
Package Type
N=DIP (Plastic)
=SOIC
Device Type (consists of 3 or 4 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device

Where:
*s” denotes strobe option: A - positive level transparent (i.e., 2494 interface compatible)
“xx” denotes default frequencies: B - negative level transparent

C - positive edge triggered

D - negative edge triggered
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Integrated ICS82C404
Circuit
Systems, Inc.

Advance Information
Dual Programmable Graphics Frequency Generator

Features General Description

* Pin for pin and function compatible with ICD's The ICS82C404 is a fully programmable graphics clock

version of the 82C404 generator. It can generate user specified clock frequen-
¢ Dual programmable graphics clock generator c?es using an externally generated iqput reference or a
* Memory and video clocks are individually single crystal. The output frequency is programmed by
programmable on-the-fly entering a 24 bit digital word through the serial port.
¢ Ideal for designs where multiple or varying
frequencies are required Two fully user-programmable phase-locked loops are
* Increased frequency resolution from optional offered inasingle package. One PLL is designed to drive
pre-divide by 2 on the M counter the memory clock, while the second drives the video
* Output enable feature available for tri-stating clock. The outputs may be changed on-the-fly to any
outputs desired frequency between 390 kHz and 120 MHz. The
¢ Independent clock outputs range from 390 kHz ICS82C404 is ideally suited for any design where mul-
to 120 MHz tiple or varying frequencies are required.
¢ Operation up to 140 MHz available
¢ Power-down capabilities This part is ideal for graphics applications. It generates
* Low power, high speed 0.8 p CMOS technology low jitter, high speed pixel clocks. It can be used to
¢ Glitch-free transitions replace multiple, expensive high speed crystal oscilla-
e Available in 16 pin PDIP or SOIC package tors. The flexibility of the device allows it to generate

non-standard graphics clocks.

The leader in the area of multiple output clocks on a
single chip, ICS has been shipping graphics frequency
generators since October, 1990, and is constantly im-
proving the phase locked loop. The ICS82C404 incorpo-
rates a patented fourth generation PLL that offers the
best jitter performance available.

Block Diagram

Al

2 G

l SELOCLX TP - - -
DECODE DATA

lesoarat 2oyl iode 2245 ReGIsTERS

21
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Pin Configuration

N\
SELO/CLK []1 16 [| /PD
SEL1/DATA []2 15 || EXTSEL
vDD []3 14 [] INIT1
OE [|4 % 13 [] vDD
'
GND [[5 @ 12[] INITO
Xt []6 11 [] EXTCLK
X2 17 10 [] /FPMODE
MCLK []8 9] vcLk
16-Pin DIP or SOIC
K-4, K-6
Pin Description
Pin Name Pin # Description
SELO-CLK 1 Clock input in serial programming mode
Clock select pin in operating mode
SEL1-DATA 2 Data input in serial programming mode
Clock select pin in operating mode
AVDD 3 Power
OE 4 Tri-states outputs when low
GND 5 Ground
X1 6 Crystal input
X2 7 Crystal output
MCLK 8 Memory clock output
VCLK 9 Video clock output
/FPMODE 10 Clock select input used to force REG2 programmed frequency
EXTCLK 11 External clock input
INITO 12 Selects initial power-up conditions, LSB
VDD 13 Power
INIT1 14 Selects initial power-up conditions, MSB
EXTSEL 15 Selects external clock input (EXTCLK) as VCLK output
/PD 16 Power-down pin, active low
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Register Definitions

The register file consists of the following six registers:

VCLK Selection

/PD|EXTSEL | /FPMODE|SEL1| SEI VCLK

Tri-State
Forced High
REGO
REG1
EXTCLK
REG2
REG2
REG2

x

»-a--;an-p-av-a—-og

e e ek e e O X
X X = OX X X
O = = ==X X
X o= O O X
X P x orRrox X

Register Addressing
Addres§ Register Definition
000 REGO Video Clock Register 1
001 REG1 Video Clock Register 2
010 REG2 Video Clock Register 3
011 MREG Memory Register
100 PWRDWN Divisor for Power-down

mode

110 CNTLREG | Control Register

The ICS82C404 places the three video clock registers and
the memory clock register in a known state upon power-
up. The registers are initialized based on the state of the
INIT1 and INITO pins at application of power to the
device. The INIT pins mustramp up with VDDifalogical
1oneither pinis required. These input pins are internally
pulled down and will default to a logical 0 if left
unconnected.

The registers are initialized as follows:

Register Initialization
INIT1! INITO| MREG| REGO | REG1 | REG2
0 0 32500 | 25.175 | 28.322 | 28.322
0 1 40.000 | 25.175 | 28.322 | 28.322
1 0 50.350 | 40.000 | 28.322 | 28.322
1 1 56.644 | 40.000 | 50.350 | 50.350
Register Selection

When the ICS82C404 is operating, the video clock output
is controlled with a combination of the SEL0, SEL1, /PD,
and OE pins. The video clock is also multiplexed to an
external clock (EXTCLK) which can be selected with the
EXTSEL pin. The VCLK Selection Table shows how
VCLK is selected.

As seen in the table above, OE acts to tri-state the output.
The /PD pin forces the VCLK signal high while power-
ing down the part. The EXTCLK pin will only be multi-
plexed in when EXTSEL and SELO are logic 0 and SEL1 s
alogic 1.

The memory clock outputs are controlled by /PD and OE
as follows:

MCLK Selection
OE /PD MCLK
0 X Tri-State
1 1 MREG
1 0 PWRDWN

The Clock Select pins SEL0 and SEL1 have two purposes.
In serial programming mode, these pins act as the clock
and data pins. New data bits come in on SEL1 and these
bits are clocked in by a signal on SELO. While these pins
areacquiring new information, the VCLK signal remains
unchanged. When SELO and SEL1 are acting as register
selects,a timeoutintervalis required to determine whether
the user is selecting a new register or wants to program
the part. During this initial timeout, the VCLK signal
remains at its previous frequency. At the end of this
timeout interval, a new register is selected. A second
timeout interval is required to allow the VCO to settle to
its new value. During this period of time, typically
5 msec, the input reference signal is multiplexed to the
VCLK signal.

When MCLK or the active VCLK register is being repro-
grammed, then the reference signal is multiplexed glitch-
free to the output during the first timeout interval. A
second timeout interval is also required to allow the VCO
to settle. During this period, the reference signal is
multiplexed to the appropriate output signal.
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Control Register Definition

The control register allows the user to adjust various internal options. The register is defined as follows:

Bit

Bit Name

Default Value

Description

9

C5

C4

C2

C1

Co
NS2

NS1

NSO

0

This bit determines which power-down mode the /PD pin
will implement. Power-down mode 1, C5 = 0, forces the
MCLK signal to be a function of the power-down register.
Power-down mode 2, C5 = 1, turns off the crystal and
disables all outputs.

This bit determines which clock is multiplexed to VCLK
during frequency changes. C4 = 0 multiplexes the refer-
ence frequency to the VCLK output. C4 = 1 multiplexes
MCIK to the VCLK output for applications where the
graphics controller cannot run as slow as fRgp.

This bit determines the length of the timeout interval. The
timeout interval is derived from the MCLK VCO. If this
VCO is programmed to certain extremes, the timeout
interval maybe too short. C3 =0, normal timeout. C3 =1,
doubled timeout interval.

Reserved, must be set to 0.

This bit adjusts the duty cycle. C1 = 0 causes a 1ns de-
crease in output high time. C1 = 1 causes no adjustment.
If the load capacitance is high, the adjustment can bring
the duty cycle closer to 50%.

Reserved, must be set to 0.

Acts on register 2. NS2 = 0 prescales the N counter by 2.
NS2 =1 prescales the P counter value to 4.

Acts on register 1. NS1 = 0 prescales the N counter by 2.
NS1 =1 prescales the P counter value to 4.

Acts on register 0. NSO = 0 prescales the P counter by 2.
NSO =1 prescales the P counter value to 4.
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Serial Programming Architecture

The pins SELO and SEL1 perform the dual functions of
selecting registers and serial programming. In serial
programming mode, SELO acts as a clock pin while SEL1
acts as the data pin. The ICS82C404-01 may notbe serially
programmed when in power-down mode.

In order to program a particular register, an unlocking
sequence must occur. The unlocking sequence is detailed
in the following timing diagram:

SEL1-DATA

SELO-CLK

The unlock sequence consists of at least 5 low-to-high
transitions of CLK while data is high, followed immedi-
ately by a singlelow-to-high transition while data is low.
Following this unlock sequence, data can be loaded into
the serial data register.

Following any transition of CLK or DATA, the watchdog
timer is reset and begins counting. The watchdog timer
ensures that successive rising edges of CLK and DATA
do not violate the timeout specification of 2ms. If a
timeout occurs, the lock mechanism is reset and the data

in the serial data register is ignored. Since the VCLK
registers are selected by the SELO and SEL1 pins, and
since any change in their state may affect the output
frequency, new data input on the selection bits is only
permitted to pass through the decode logic after the
watchdog timer has timed out. This delay of SELO or
SEL1data permits a serial program cycle to occur without
affecting the current register selection.

Serial Data Register

Theserial datais clocked into the serial data register in the
order described in figure 1 below (Serial Data Timing).

The serial data is sent as follows: An individual data bit
is sampled on therising edge of CLK. The complement of
the data bit must be sampled on the previous falling edge
of CLK. The setup and hold time requirements must be
met on both CLK edges. For specifics on timing, see the
timing diagrams on pages 10, 11, and 12.

The bits are shifted in this order: a start bit, 21 data bits, 3
address bits (which designate the desired register), and a
stop bit. A total of 24 bits must always be loaded into the
serial data register or an error is issued. Following the
entry of the last data bit, a stop bit or load command is
issued by bringing DATA high and toggling CLK high-
to-low and low-to-high. The unlocking mechanism then
resets itself following the load. Only after a timeout
period are the SELO and SEL1 pins allowed to return to a
register selection function.

Data Bits

ﬂ Address Bits
g

BIT# | 1 10 11

D\_J o ﬁ@@ﬂ@ﬁ@@@@ﬂ@@@ﬂ@@ =

12 13 14

15 16 17 18 19 20 21

VCO Prog-

CNTL Reg

PWRDWN
Reg

wod IMo M1 M2 M'3 M4 M5 M6 RO Ri

R2 N0 N'1 N2 N3 N4 N5 N6

o

(]

12 13

o 0 o0 o o o 0 O O o0 o

0 PSO PS1PS2 CO C1

C2 C3 C4 C5

o 0 0 0 0 0 0 0 0 0 0 O O O O O O PO Pt P2 P3

Figure 1 - Serial Data Timing
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The serial data register is exactly 24 bits long, enough to
accept the data being sent. The stop bit acts as a load
command that passes the contents of the Serial Data
Register into the register indicated by the three address
bits. If a stop bit is not received after the serial register is
full, and more data is sent, all data in the register is
ignored and an error issued. If correct data is received,
then the unlocking mechanism rearms, all data in the
serial data register is ignored, and an error is issued.

Programming the ICS82C404

The ICS82C404 has a wide operating range, but it is
recommended that it is operated within the following
limits:

1 MHz < Fgg < 60 MHz Fggp = Input
Reference Frequency

200 KHz < Fygp g <5 MHz M = Reference divide
30129

50 MHz < Fy, <120 MHz Fyco = VCO output
frequency

Fex <120 MHz Fc ¢ = output
frequency

The frequency of the programmable oscillator Fy- is
determined by the following fields:

Field # of Bits
Index (I) 4
N counter value (N’) 7
Mux (R) 3
M counter value (M) 7

Where the least significant bit is the last bit of M and the
most significant bit is the first bit of L.

The equations used to determined the oscillator frequency
are:
N=N+3 M=M+2
Fyco = Prescale - N/M - F ¢
where 3 <M <129 and 4 <N <130
and prescale = 2 or 4, as set in the control register

The value of Fyo must remain between 50 MHz and 120
MHz. As a result, for output frequencies below 50MHz,
Fyco must be brought into range. To achieve this, an
outputdivisor is selected by setting the values of the Mux
Field (R) as follows:

Output Divisor
R Divisor

000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128

Unlike the ICD's 82C404, the ICS82C404’s VCO does not
require tuning to placeitin certain ranges. The ICS82C404’s
VCO will operate from 50 MHz to 120 MHz without
adjusting the VCO gain. However, to maintain compat-
ibility, the I bits are programmed as in the ICD2061A.

These bits are dummy bits except for the following two
cases:

Index Field (1)
I VCLK Fyco MCIK Fycq
1110 Turn off VCLK 50-120 MHz
1111 | MuxMCLK to VLCK |  50-120 MHz

When theindexfield issetto 1111, VCLK is turned off and
both channels run from the same MCLK VCO. This is
done in an effort to reduce jitter, which may increase
when VCOs run at 2* multiples of one another . If the two
outputs must be multiples of one another, itisbest to mux
MCLK over to the output of the VCLK VCO, and to
power-down the VCLK VCO. The multiplexed frequency
will be divided down by the correct divisor (M) and
output on VCLK.
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Power Management Issues

Power-down mode 1

The ICS82C404 contains a mechanism to reduce the qui-
escent power whenstand-by operationis desired. Power-
down mode 1is invoked by pulling /PD low and having
the proper CNTL register bit set to zero. In this mode,
VCOs are shut down, the VCLK output is forced high,
and the MCLK output is set to a user-defined low fre-
quency value to refresh dynamic RAM.

The power-down MCLK value is determined by the
following equation:

MCLKpp = Frgr / (PWRDWN register divisor value)
The power-down register divisor is determined accord-

ing to the 4-bit word programmed into the PWRDWN
register (see table below).

Power Down Register Code

Power-down mode 2

When there is no need for any output during power-
down, an alternate mode is available which will com-
pletely shutdownall outputs and the reference oscillator,
but still preserves all register contents. Power-down
mode2isinvoked by first programming the power-down
bitin the CNTL registerand then pulling the /PD pinlow.

The /PD pin

The /PD pin has a standard internal pull-up resistor
during normal operation. When the chip goes into power-
downmode 1 or 2, the normal pull-up resistor is dynami-
cally switched to a weak pull-up, which reduces power
consumption. If the /PD pinis allowed to float after ithas
been pulled down, the weak pull-up will bring the signal
high and allow the device to resume operation.

PWRDWN bits PWRDWN Power-down MCLK
P3 P2 P1 Po Register Value Divisor (frer =14.31818)
0 0 0 0 0 n/a n/a
0 0 0 1 1 32 4474 KHz
0 0 1 0 2 30 477.3 KHz
0 0 1 1 3 28 511.4 KHz
0 1 0 0 4 26 550.7 KHz
0 1 (V] 1 5 24 596.6 KHz
0 1 1 0 6 22 650.8 KHz
0 1 1 1 7 20 715.9 KHz
1 0 0 0 8 (default) 18 795.5 KHz
1 0 0 1 9 16 894.9 KHz
1 0 1 0 A 14 1.02 MHz
1 0 1 1 B 12 1.19 MHz
1 1 0 0 C 10 143 MHz
1 1 0 1 D 8 1.79 MHz
1 1 1 0 E 6 2.39 MHz
1 1 1 1 F 4 3.58 MHz
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Absolute Maximum Ratings

Storage temperature............cocceuerseesenene -40°C to +150°C
VDD referenced to GND . 7v Volta%e on1/0 pins referenced to GND...... GND -0.5V
Operating temperature under bias............. 0°C to +70°C to VDD +05V
Power dissipation 0.5 Watts

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 devices at these or any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum conditions for extended periods may affect device reliability.

Electrical Characteristics
(VDD= +5V £5%, 0°C < T ,\prnts +70°C unless otherwise stated)

Device Specifications
Maximum Ratings

Name Description Min Max Units
VDD Supply voltage relative to GND -0.5 7.0 Volts
Vi Input voltage with respect to GND 05 VDD + 0.5 Volts
Toper Operating temperature 0 +70 °C

| Toror Storage temperature -65 +150 °C
Tery Max soldering temperature (10 sec) +260 °C
T, Junction temperature +125 °C
Ppigs Package power dissipation 350 mWatts

DC Characteristics
Name Description Min | Typ | Max | Units | Conditions
Vi High level input voltage 20 \4
Vi Low level input voltage 0.8 \
Vou High level CMOS ouput voltage 3.84 \Y Ioy=-4ma
VoL Low level output voltage 04 \Y% Iop =4ma
Iy Input high current 100 pa V=52V
I Input low current -250 pa Vi =0V
Ioz Output leakage current 10 pa (tri-state)
Ipp Power supply current 15 65 ma
Inn Tve Power supply current (typical) 35 ma @60 MHz
Lypp Analog power supply current 10 ma
Iopy Power-down current (Mode 1) 6 7.5 ma
Ippy Power-down current (Mode 2) 25 50 pa
Cn Input capacitance 10 pf
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AC Characteristics

| Symbol | Name |_Description Min Typ Max Units
frer Reference Reference oscillator value 1 1431818 60 Mhz
frpcP 1ency. |_(note 1)
torr Reference period| 1/fppr 16.6 1000 ns
t Input duty cycle| Duty cycle for the input oscillator
defined as t;/tger 25% 75%
t, Output clock Output oscillator values 833 2564 ns
periods (120 MHz) (390 MHz)
t; Output duty Duty cycle for the output
cycle oscillators (note 2) 45% 55%
t, Rise times Rise time for the output oscillators
into a 25 pf load 3 ns
t5 Fall times Fall time for the output oscillator
into a 25 pfload 3 ns
Yreqt freql output Qld frequency output
teeoa freq2 output New frequency output
ty A frer Mux time Time clock output remains high whilg
output muxes to reference frequency | 5 tgpp 5t per ns
tymeowr  |Iimeout internal| Interval for serial program-
ming and for VCO changes to
settle (note 3) 2 5 10 ns
tg tireqy Muxtime Time clock ouput remains high
while output muxes to new 05 ¢ 15¢
frequency value REF REF ns |
tg Tri-state Time for the ouput oscillators to go
into tri-state mode after OUTDIS -
signal assertion 0 12 ns
t CLK valid Time for the output oscillators to
recover from tri-state mode after
QUTDIS -signal goes high 0 12 ns |
tg Power-Down Time for power-down mode of
operation to take effect 12 ns
ty Power-Up Time for recovery from power-down
mode of operation 12 ns
tio MCLKOUT Time for MCLK to go high
high after PWRDWN is asserted high 0 tpwrOWN ns
ty MCLKOUT Delay of MCLK prior to fyx
delay signal at output OStyicrx L5 ek ns
| S Clock period of serial clock 2 - topp 2 msec
| toy Setup time 20 ns
tn Hold time 10 ns
tidemd Load command 0 ,+30 ns
NOTES

1. For reference frequencies other than 14.81818 MHz, the pre-loaded ROM frequencies will shift proportionally.
2. Duty cycle is measured at CMOS threshold levels. At5 volts, Vi, = 2.5 volts).
3. If the interval is too short, see the timeout interval section in the control register definition.
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REF -
Y4
XTAL IN /
fRer
t4
VCLK 90% 90%
MCLK n

10% 10%

Rise and Fall Times

ouTDIS*

N

VCLK tri-stated output
MCLK ‘

Tri-Stated Timing
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1 1
1 1

SELo Selsction Recognition Time | VCO Settle time ! New Frequency State
SEL1 N L 1
1 1
ttimeout : 'ﬂ meout :
[ 1
Internal ! !
Timeout :
1
|

VCLK _T—I__H_J_U—LI_\_I_'_I

|~!l~—||——~|«—~l~l

req1 REF ] tfreq2

Selection Timing

Stop 1

Bit 1

1

ttlmeout :

1

(Internal 1

Timeout) \
VCLK

MCLK
tfreq1

I~—~I+~||-|

tREF req2
Or oLk if bit set
in Control Register

= f---

1
VCO Settle time | New Frequency State

MCLK & Active VCLK Register Programming Timing
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This is when VCLK directly
muxes to VCLK PLL

/(may glitch)
"' |‘_'vcu<1
MOLK S—I i<—‘1o—>| e 41
1
fMcLk fPWRDWN ' vk’ _’i I‘—

(value from PWRDWN register)

forced high

@&
-
9

it takes 2-10 msec after soft
power-down to guarantee lock
of VCLK & MCLK PLLs

Soft Power-Down Timing (Mode 2)

Unlock Sequence Start Bit
1

o ol s
o 1L Ly Loy Ly Ly

I\ tsu
]

DATA 7]

Valid Data Sequence (24 bits)
>

1
1
1
1

o L 1| VAT
: tsu tHD tsu tHD tsu

DATA :» | | L_._/ QM
' 0 1 1 1

Yidemd X

0 0 1

(Internal
Load Register Command)

Serial Programming Timing
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ORDERING INFORMATION
-
Part Number Temperature Range Package Type n
ICS82C404-xxCW16 0°C to +70°C 16 lead Plastic SOIC
1C582C404-xxCN16 0°C to +70°C 16 lead Plastic DIP
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Integrated
Circuit
Systems, Inc.

ICS90C61A

Dual Video/Memory Clock Generator

Introduction

The Integrated Circuit Systems ICS90C61A is a dual clock
generator for VGA applications. It simultaneously generates
two clocks. One clock is for the video memory, and the other
is the video dot clock.

This data sheet supplies sales order information, a functional
overview, signal pin details, a block diagram, AC/DC charac-
teristics, timing diagrams, and package mechanical informa-
tion.

Description

The Integrated Circuit Systems Video Graphics Array Clock
Generator (ICS90C61A) is capable of producing different
output frequencies under firmware control. The video output
frequency is derived from a 14.318 MHz system clock avail-
able in IBM PC/XT/AT and Personal System/2 computers. It
is designed to work with Western Digital Imaging Video
Graphics Array and 8514/A devices to optimize video subsys-
tem performance.

The video dot clock output may be one of seven internally-
generated frequencies or two external inputs. The selection of
the video dot clock frequency is done through four inputs.

SELO
SEL1
VGATTL
FCLKSEL

SELO and SEL1 are latched by the SELEN signal. VGATTL
and FCLKSEL are used as direct inputs to the VCLK selection.
Table 1-1 is the truth table for VCLK selection.

The input and truth table have been designed to allow a direct
connection to one of the many Western Digital Imaging VGA
controllers or 8514/A chip sets.

The MCLK output is one of four internally-generated frequen-
cies as shown in Table 1-2. The various VCLK and MCLK
frequencies are derived from the 14.318 MHz input frequency.

The VCLKE and MCLKE input can tristate the VCLK and
MCLK outputs to facilitate board level testing.

The ICS90C61A is capable of extended frequency output up
to 80 MHz in custom applications. See page 5 for details.

Features E

e Dual Clock generator for the IBM-compatible Western
Digital Imaging Video Graphics Array (VGA) LSI de-
vices, and 8514/A chip sets
Integral loop filter components

e  Generates seven video clock frequencies derived from a
14.318 MHz system clock reference frequency

e Video clock which is selectable among the seven inter-

nally generated clocks and two external clocks

On-chip generation of four memory clock frequencies

CMOS technology

Available in 20-pin PLCC, SOIC, and DIP packages

Extended frequency capabilities to 80 MHz in custom

frequency patterns

Pin Configuration

X
Xz 9
S X L B8 3%
S o w 3 ©
W o @ a >
M» N g D
SeLof 4 18 | VCLKE
SEL1| 5 17| NC
seten | 6 [CSO0CE1AV 16| acnp
VGATTL | 7 15| Avce
FCLKSEL | 8 14 | MCLKE
o — ~N el
D - - = =
[e =] - X O
o Z @ g Z
2 o L =
REFCLCK h bvee
rokn g O 0 VeLK
EXTCLK [ 0 VCLKE

SELO O 0 N.C.

SELT d B AGND
seten g ICS90CETAME avee
VGATTL ¢ D MCLKE

FCLKSEL o b N.C.
MSELO [ D MCLK

DGND [ MSEL1

20-Pin PLCC, SOIC,DIP
K-10, K-7, K-4

Note: ICS90C61AN (DIP) pinout is identical to ICS90C61AM (SOIC) pinout.

90C61ARevA 100494
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ICS90C61A VGA Interface

The ICS90C61A has two system interfaces: System Bus and  indicates to the VGA controller that it is working with a clock
VGA Controller, and six user-programmable inputs. Figure  chip. When working with a clock chip the VGA controller
2-1 shows how the Integrated Circuit Systems VGA Clock  changes two of its clock inputs, VCLK1 and VCLK2, to
ICS90C61A is connected to a VGA controller. Western Digi-  outputs. These outputs are used to select the required video
tal Imaging VGA controllers normally have a status bit that  frequency.

VCCO O— \/\/\/LFn jp1 _T_Cz

050 DvCC AVCC
FCLKIN
0osc EXTCLK DGND
| MsELO AGND
| MSEL1
<4
| VCLKE
— MCLKE MCLK |——
VCLK |—
| FCLKSEL
L ICS90C61A
CLK REFCLK
D2 SEL1
D3 SELO
VGATTL
s B
Y U
s s
T VCLK1
E VCLK2
M D2 VCLKO [
D3
MCLK |—]
VGA

Figure 2-1 ICS90C61A Interface
Note:

C2 should be placed as close as possible to the ICS90C61A AVCC pin.
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System Bus Inputs

The system bus inputs are:

e REFCLK
e SELO
e SELI

The ICS90C61A uses the system bus 14.318 MHz clock as a
reference to generate all its frequencies for both video and
memory clocks. Data lines D2 and D3 are commonly used as
inputs to VSELO and VSELL for video frequency selection.

Inputs from VGA Controller
The VGA controller input to the ICS90C61A is:

e SELEN

The ICS90C61A is programmed to generate different video
clock frequencies using the inputs of SELO, SEL1, VGATTL,
and FCLKSEL. The signals VGATTL and FCLKSEL may be
supplied by the VGA controller as is the case in Western
Digital Imaging VGA controllers. The inputs SELO-1 are
latched with the signal SELEN. The SELEN input should be
an active low pulse. This active low pulse is generated in
Western Digital Imaging VGA controllers duringI/O writes to
internal register 3C2h.

Note: Only SELO and SEL1 are latched with signal SELEN.

Outputs to VGA Controller
The outputs from the ICS90C61A to the VGA controller are:

e MCLK
e VCLK

MCLK and VCLK are the two clock outputs to the VGA
controller.

Analog Filters

The analog filters are integral to the ICS90C61A device. No
external components are required. This feature reduces PC
board space requirements and component costs. Phase jitter is
reduced as externally-generated noise cannot easily influence
the phase-locked loop filter.

User-Definable Inputs

The user-definable inputs are:

EXTCLK

FCLKIN

VLCKE, MCLKE
MSELO-1

VGATTL, FCLKSEL

EXTCLK and FCLKIN are additional inputs that may be
internally routed to the VCLK output. The additional inputs
are useful for supporting modes that require frequencies not
provided by the ICS90C61A.

VCLKE and MCLKE are the output enable signals for VCLK
and MCLK.When low, the respective output is tristated.

MSELO-1 are the memory clock (MCLK) select lines. Table
1-2 shows how MCLK frequencies are selected. All signals in
this group have internal pull-up resistors.

VGATTL and FCLKSEL are video clock (VCLK) select lines
that can select additional VCLK frequencies. See Table 1-1.
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Power Considerations

The ICS90C61A product requires an AVcc supply free of fast
rise time transients. This requirement may be met in several
ways and is highly dependent on the characteristics of the host
system. A VGA adapter card is unique in that it must function
in an unknown environment. +5 Volt power quality is depend-
ent not only on the quality of the power supply resident in the
host system, but also on the other cards plugged into the host’s
backplane. Power supply noise ranges from fair to terrible. As
the VGA adapter manufacturer has no control over this, he
must assume the worst. The best solution is to create a clean
+5 Volts by deriving it from the +12 Volt supply by using a
zener diode and dropping resister. A 470 Ohm resistor and 4.7
Volt Zener diode are the least costly way to accomplish this.
A .047 to .1 microfarad bypass capacitor tied from AVcc to
AGND insures good high-frequency decoupling of this point.

Laptop and notebook computers have entirely different prob-
lems with power. Typically they have no +12 Volt supply;
however, they are much quieter electrically. Because the de-
signer has complete control of the system architecture, he can
place sensitive components and systems such as the RAMDAC
and Dual Video/Memory Clock away from DRAM and other
noise-generating components. Most systems provide power
that is clean enough to allow for jitter-free Dual Video/Mem-
ory Clock performance if the +5 Volt supply is decoupled with
aresistor and 22 microfarad Tantalum capacitor. Digital inputs
that are desired to be held at static logical high level should not
be tied to +5 Volts as this will result in excessive current drain
through the ESD protection diode. The internal pull-up resis-
tors will adequately keep these inputs high.

+5V O —T_m 1
= DVCC
J_.1uF
470 ‘
+12V © Wt J_C - AVCC
47v:[1 . DGND AGND
. Jdu J— J_
10
DVCC
+5V O- ’ AV
W15 Tos cc
22uF quF
DGND  AGND
18
pvCC
+5V o— =TI o =3 —|AvCC
== .1uF = =
fZUF l.wF
DGND  AGND
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Table 1-1 VCLK SELECTION

VCLK FREQUENCY (MHz)
FCLKSEL VGATTL SELO SEL1 ICSI0CE L APRLH
1 0 0 0 REFCLK

1 0 0 1 16.108
1 0 1 0 32216
1 0 1 1 44.744
1 1 0 0 25.057
1 1 0 1 28.089
1 1 1 0 EXTCLK*
1 1 1 1 36.242
0 X X X FCLKIN*
Table 1-2 MCLK SELECTION
MCLK FREQUENCIES (MHz)
MSELL1 MSELO ICS90C61A-PR2**

0 0 41612

0 1 37.585

1 0 36.242

1 1 44.744

*Note: FCLKIN and EXTCLK may be programmed to output custom frequencies up to 80 MHz in applications which require

this capability. Custom frequencies in these addresses require a significant volume committment and/or one-time mask charge.

Contact ICS Sales for details.

**Note: If no “dash number” is specified, then the “~PR2” will be supplied since this version is completely compatible with
the original WD90C61 frequency set.
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EXTCLK
FCLKIN t__
REFCLK
SELEN ———— PLL MUX —]>—— VCLK
DIVIDER

SELO ——— T |
SEL1

VGATTL —mm—————

FCLKSEL

VCLKE

PLL ~
DIVIDER MCLK

Figure 2-2 1CS90C61A Functional Block Diagram
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Pin Descriptions
The following table provides the pin descriptions for the 20-pin ICS90C61A packages:

PIN PIN TYPE DESCRIPTION
NUMBER SYMBOL
1 REFCLK IN Reference input clock from system
2 FCLKIN IN Feature clock input pin
3 EXTCLK IN External clock input for an additional frequency
4 SELO IN Control input for VCLK selection
5 SELI1 IN Control input for VCLK selection
6 SELEN IN Strobe for latching VSEL(0,1) (Low enable)
7 VGATTL IN Control input for VCLK selection
8 FCLKSEL IN Control input for FCLK selection
9 MSELQ IN Select input for MCLK selection
10 DGND - Ground for Digital Circuit
11 MSELI1 IN Select input for MCLK selection
12 MCLK ouT Memory Clock Output
13 N.C. - No Connection
14 MCLKE IN Enable input for MCLK output (high enables output)
15 AVCC - Power supply for analog circuit
16 AGND - Ground for analog circuit
17 N.C. - No Connection
18 VCLKE IN Enable input for VCLK output (high enables output)
19 VCLK ouT Video Clock Output
20 DVCC - Power supply for Digital Circuit
NOTE:

CLK1, EXTCLK, FCLKIN, SELO, SEL1,VGATTL, FCLKSEL, SELEN, MSELO, MSEL1, VCLKE, and MCLKE - input pins
have internal pull-up resistors.
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Absolute Maximum Ratings

Ambient temperature
under bias

0°Cto70°C

Storage temperature

-40 °Ct0 125 °C

Voltage on all inputs
and outputs with
respect to Vss

0.5 to 7 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.

DC Characteristics

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.

range

Operating temperature

0°Cto70°C

Power supply voltage

4.75t0 5.25 Volts

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS PINS
\%i3 Input Low Voltage Vss 0.8 A% Vce =5V SELO-1, SELEN,
VGATTL,
MSELO-1,
FCLKSEL,
VCLKE,
MCLKE,
EXTCLK
ViH Input High Voltage 20 Vce \'% Vce =5V SELO-1, SELEN,
VGATTL,
MSELO-1,
FCLKSEL,
VCLKE,
MCLKE,
EXTCLK
VIiL Input Low Voltage Vss 1.5 \Y Vcc =5V FCLKIN
VIH Input High Voltage Vee-1.5 Vce \4 Vee=5V FCLKIN
I Input Leakage Current - 20 HA Vin=Vcc
VoL Output Low Voltage - 0.4 \ IoL = 6.0 mA
VoH Qutput High Voltage 24 - \4 Iog =4.0 mA
Iccp Digital Supply Current - 35 mA Vce =5V, CL=15pF
Icca Analog Supply Current - 10 mA Vee =5V
Rup Internal pull-up Resistors 25 - Kohms [Vcc=5V
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz

B-68



ICS90C61A

AC Timing Characteristics

The following notes apply to all of the parameters presented in this section.

. REFCLK = 14.318 MHz

. Tc=1/Fc

. All units are in nanoseconds (ns).

Maximum jitter is within a range of 30 p s after triggering on a 400 MHz scope.
. Rise and fall time between 0.8 and 2.0 VDC.

. Output pin loading = 15pF

. Duty cycle is measured at 1.4V

SYMBOL PARAMETER MIN MAX NOTES
SELEN TIMING
Tpwen Enable Pulse Width 20 -
Tsuen Setup Time Data to Enable 20 -
Thden Hold Time Data to Enable 10 -
REFERENCE INPUT CLOCK
Tr Rise Time - 10 Phase-Jitter 1 ns max.
Tf Fall Time - 10 Duty Cycle 42.5% min.
to 57.5% max.
MCLK and VCLK TIMINGS
Tr Rise Time - 3 Phase-Jitter 3 ns max.
Tf Fall Time - 3 Duty Cycle 40%min. to
60% max.
- Frequency Error 1.0 %
- Maximum Frequency 80 MHz
- Propagation Delay for - 20 ns
Pass Through Frequency
- Output Enable to Tristate 15 ns
(into and out of) time
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ENABLE TIMING

N
/

SELO
SELT — —

SELEN

tpwen thden

tsuen

CLOCK WAVEFORM

te=1/fc »
— tr tf
200 2.0\
08y
— 04/

Ordering Information
ICS90C61A-XXXN or ICS90C61A-XXXM or ICS90C61A-XXXV

Example:

ICS XXXX-XXX N

Package Type
N=DIP (Plastic) V=PLCC
M=SOIC
Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Note* Unless a specific pattern is ordered, PR2 will be shipped.
Device Type (consists of 3-6 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device
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ICS90C64A

Dual Video/Memory Clock Generator

Introduction

The Integrated Circuit Systems ICS90C64A is a dual clock
generator for VGA applications. It simultaneously generates
two clocks. One clock is for the video memory, and the other
is the video dot clock.

This data sheet supplies sales order information, a functional
overview, signal pin details, a block diagram, AC/DC charac-
teristics, timing diagrams, and package mechanical informa-
tion.

Description

The Integrated Circuit Systems Video Graphics Array Clock
Generator (ICS90C64A) is capable of producing different
output frequencies under firmware control. The video output
frequency is derived from a 14.318 MHz system clock avail-
able in IBM PC/XT/AT and Personal System/2 computers. It
is designed to work with Western Digital Imaging Video
Graphics Array and 8514/A devices to optimize video subsys-
tem performance.

The video dot clock output may be one of fifteen internally-
generated frequencies or one external input. The selection of
the video dot clock frequency is done through four inputs.

e VSELO
e VSEL1
e VSEL2
e VSEL3

VSELO and VSELL are latched by the SELEN signal. VSEL2
and VSEL3 are used as direct inputs to the VCLK selection.
Table 1-1 is the truth table for VCLK selection.

Features

e Improved compatibility with Western Digital Controllers

e 100% backward compatible with ICS90C63 and
ICS90C64

e Dual Clock generator for the IBM compatible Western
Digital Imaging Video Graphics Array (VGA) LSI devices,
and 8514/A chip sets
Integral loop filter components. Reduce cost and phase-jitter

e Generates 15 video clock frequencies (including 25.175
and 28.322 MHz) derived from a 14.318 MHz system clock
reference frequency
On-chip generation of eight memory clock frequencies.

e Video clock is selectable among the fifteen internally gen-
erated clocks and one external clock

e CMOS technology

e Available in 20-pin PLCC, SOIC, and DIP packages

VSEL1 VCLKE
VSELO N.C.
SELEN AGND
VSEL2 AVCC
VSEL3 MCLKE

The input and truth table have been designed to allow a direct CLK1 g O p ovee
connection to one of the many Western Digital Imaging VGA E“;fgi E g ;’gt:c
controllers or 8514/A chip sets. VSEL1 O D N.C.

VSELO O P AGND
The MCLK output is one of eight internally-generated fre- 325_: E ICS90CH4A ; C\é,cjc
quencies as shown in Table 1-2. The various VCLK and VSEL3 ﬂ b N.C.
MCLK frequencies are derived from the 14.318 MHz Input e p uew
frequency.

20-Pin PLCC, SOIC,DIP

The VCLKE and MCLKE input can tristate the VCLK and K-10, K-7, K-4

MCLK outputs to facilitate board level testing.
Note:ICS90C64AN (DIP) pinout 1s 1dentical to ICS90C64AM (SOIC) pinout.

G0C64ARGVAT00404
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ICS90C64A VGA Interface

The ICS90C64A has two system interfaces: System Bus and normally have a status bit that indicates to the VGA controller
VGA Controller, as well as analog filters and seven user that itis working with a clock chip. When working with a clock
programmable inputs. Figure 2-1 shows how the Integrated chip the VGA controller changes two of its clock inputs,
Circuit Systems VGA Clock ICS90C64A is connected to a VCLKI1 and VCLK2, to outputs. These outputs are used to
VGA controller. Western Digital Imaging VGA controllers select the required video frequency.

VCCO A%  d _T_C

DVDD AVDD

gsc EXTCLK
— MSELO
— MSEL1
— MSELZ2

— VCLKE
— MCLKE

| vsers YEERED
= |{ICSS0C64A

CLK CLK1
De

SELEN

VCLK1
VCLK2
D2

SYSTEM
BUS

VCLKO

MCLK —

VGA

Figure 2-1 ICS90C64A Interface

Note:

C> should be placed as close as possible to the ICS90C64A AVDD pin.
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System Bus Inputs

The system bus inputs are:

e CLKl1
e VSELO
VSEL1

The ICS90C64A uses the system bus 14.318 MHz clock as a
reference to generate all its frequencies for both video and
memory clocks. Data lines D2 and D3 are commonly used as
inputs to VSELO and VSELL for video frequency selection.

Inputs from VGA Controlier
The VGA controller input to the ICS90C64A is:

e SELEN

The ICS90C64A is programmed to generate different video
clock frequencies using the inputs of VSELO, VSEL1, VSEL2,
and VSEL3. The signals VSEL2 and VSEL3 may be supplied
by the VGA controller as is the case in Western Digital
Imaging VGA controllers. The inputs VSELO-1 are latched
with the signal SELEN. The SELEN input should be an active
low pulse. This active low pulse is generated in Western Digital
Imaging VGA controllers during I/O writes to internal register
3C2h.

Note: Only VSELO and VSEL1 are latched with signal SELEN.

Outputs to VGA Controller
The outputs from the ICS90C64A to the VGA controller are:

e MCLK
e VCLK

MCLK and VCLK are the two clock outputs to the VGA
controller.

Analog Filters

The analog filters are integral to the ICS90C64A device. No
external components are required. This feature reduces PC
board space requirements and component costs. Phase-jitter is
reduced as externally-generated noise cannot easily influence
the phase-locked loop filter.

User-Definable Inputs

The user-definable inputs are:

EXTCLK
VLCKE, MCLKE
MSELO-2
VSEL2, VSEL3

EXTCLK is an additional input that may be internally routed
to the VCLK output. This additional input is useful for sup-
porting modes that require frequencies not provided by the
ICS90C64A.

VCLKE and MCLKE are the output enable signals for VCLK
and MCLK. When low, the respective output is tristated.

MSELO-2 are the memory clock (MCLK) select lines. Table
1-2 shows how MCLK frequencies are selected. All signals in
this group have internal pull-up resistors.

VSEL2 and VSELS3 are video clock (VCLK) select lines that
can select additional VCLK frequencies. See Table 1-1.

VSEL2 and VSEL3 have internal pull-ups.
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. . +5V © 1
Power Considerations et o
The ICS90C64A product requires an AVpD supply free of fast -l-" WF
rise time transients. This requirement may be met in several 470
ways and is highly dependent on the characteristics of the host +12v o1 16 AVDD
system. A VGA adapter card is unique in that it must function VSS, AVSS

in an unknown environment. +5 Volt power quality is depend- 4‘7\2[. 1uF
ent not only on the quality of the power supply resident in the L L 4. _l_
host system, but also on the other cards plugged into the host’s

backplane. Power supply noise ranges from fair to terrible. As

the VGA adapter manufacturer has no control over this, he

must assume the worst. The best solution is to create a clean

+5 Volts by deriving it from the +12 Volt supply by using a

zener diode and dropping resistor. A 470 Ohm resistor and 5.1

Volt Zener diode are the least costly way to accomplish this.

A .047 to .1 microfarad bypass capacitor tied from AVpp to

AVss insures good high-frequency decoupling of this point.

Laptop and notebook computers have entirely different prob- 10
lems with power. Typically they have no +12 Volt supply; +5V © VWA TR _I_Cs
however, they are much quieter electrically. Because the de- == =
signer has complete control of the system architecture, he can 22uF J_J uF
place sensitive components and systems such as the RAMDAC = =
and Dual Video/Memory Clock away from DRAM and other VSS, AVSS
noise-generating components. Most systems provide power —L J_
that is clean enough to allow for jitter- free Dual Video/Mem- = =
ory Clock performance if the +5 Volt supply is decoupled with

aresistor and 22 microfarad Tantalum capacitor. Digital inputs

that are desired to be held at a static logical high level should

not be tied to +5 Volts as this will result in excessive current

drain through the ESD protection diode. The internal pull-up

resistors will adequately keep these inputs high.

AvDD DVDD

AvDD DVDD

+5V o0—t
R1 c2 l C3
= .1},I,F

L

VSS, AVSS

1 1
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Table 1-1 VCLK Selection

VCLK Frequency (MHz)
3 2 1 0 ICS90C64A ICS90C64A-903 | ICS90C64A-907 | ICSI0C64A-909
0 0 0 0 30.0 30.0 30.250 30.0
0 0 0 1 77.25 77.25 77.25 77.25
0 0 1 0 EXTCLK EXTCLK EXTCLK EXTCLK
0 0 1 1 80.0 80.0 80.0 80.0
0 1 0 0 315 315 315 315
0 1 0 1 36.0 36.0 355 36.0
0 1 1 0 75.0 75.0 75.0 75.0
0 1 1 1 50.0 50.0 72.0 50.0
1 0 0 0 40.0 40.0 40.0 40.0
1 0 0 1 50.0 50.0 50.0 50.0
1 0 1 0 32.0 32.0 320 320
1 0 1 1 44.9 44.9 44.9 44.9
1 1 0 0 25.175 25.175 25.175 25.175
1 1 0 1 28.322 28.322 28.322 28.322
1 1 1 0 65.0 65.0 65.0 65.0
1 1 1 1 36.0 36.0 36.0 36.0
Table 1-2 MCLK Selection
MCLK Frequencies (MHz)
2 1 0 ICS90C64A ICS90C64A-903 | 1CS90C64A-907 |  ICS90C64A-909
0 0 0 330 33.0 65.0 75.0
0 0 1 49218 49218 49218 40.0
0 1 0 60.0 60.0 60.0 450
0 1 1 30.5 30.5 62.5 50.0
1 0 0 41.612 41.612 41612 55.0
1 0 1 375 375 375 60.0
1 1 0 36.0 36.0 55.0 65.0
1 1 1 44.296 44.296 44.296 70.0
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Figure 2-2 ICS90C64A Functional Block Diagram
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Pin Descriptions
The following table provides the pin descriptions for the 20-pin ICS90C64A packages.

PIN PIN TYPE DESCRIPTION

NUMBER SYMBOL

1 CLK1 IN Reference input clock from system

2 MSEL2 IN Select input for MCLK selection

3 EXTCLK IN External clock input for an additional frequency

4 VSELI1 IN Control input for VCLK selection

5 VSELQ IN Control input for VCLK selection

6 SELEN IN Strobe for latching VSEL(0,1) (Low enable)

7 VSEL2 IN Control input for VCLK selection

8 VSEL3 IN Control input for VCLK selection

9 MSELO IN Select input for MCLK selection

10 DGND - Ground for Digital Circuit

11 MSEL1 IN Select input for MCLK selection

12 MCLK ouT Memory Clock Output

13 N.C. - No connection

14 MCLKE IN Enable input for MCLK output (high enables output)

15 AVDD - Power supply for analog circuit

16 AGND - Ground for analog circuit

17 N.C. - No connection

18 VCLKE IN Enable input for VCLK output (high enables output)

19 VCLK ouT Video Clock Output

20 DVDD - Power supply for Digital Circuit

Note:
CLK1, EXTCLK,VSELQ, VSEL1,VSEL2, VSEL3, SELEN, MSELO, MSEL1, MSEL2, VCLKE, and MCLKE - input pins have

internal pull-up resistors.
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Absolute Maximum Ratings

Ambient Temperature
under bias

0°Cto70°C

Stor: age temperature

-40 °C to 125 °C

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.

Voltage on all inputs 0.5to 7 Volts
and outputs with Operating Temperature 0°Cto70°C
respect to Vss 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.
DC Characteristics
SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS
ViL Input Low Voltage Vss 0.8 \4
VIH Input High Voltage 2.0 VDD \
I Input Leakage Current - 10 LA Vin = VDD
VoL Output Low Voltage - 0.4 \' IoL = 8.0 mA
VoH Output High Voltage Vpp-.4 - IoH =4.0mA
Von Output High Voltage 2.4 - \% Ion = 8.0 mA
Icc Supply Current - 20 28 mA No load
VCLK =28 MHz
MCLK =40 MHz
Icc Supply Current - 27 35 mA No load
VCLK = 80 MHz
MCLK =40 MHz
Rup Internal Pull-up Resistors 50 - kohms |Vpp=5v
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), unless labeled otherwise.
4. Output pin loading = 15pF

SYMBOL PARAMETER MIN TYP MAX NOTES
SELEN TIMING
Tpwen Enable Pulse Width 20
Tsuen Setup Time Data to Enable 20
Thden Hold Time Data to Enable 10
Reference Input Clock
Tr Rise Time 10 Phase-Jitter 1 ns max.
Tf Fall Time 10 Duty Cycle 42.5% min.
to 57.5% max.
MCLK and VCLK TIMINGS
Tr Rise Time 9 1.5 8V-2.0V*
Tf Fall Time 9 1.5 2.0V-.8V
Tr Rise Time 1.2 2.0 .3 Vpp-.7 VDD
Tf Fall Time 1.2 2.0 .7 Vpp-.3 VbD
Thugh Duty Cycle 50% 60% 1.4V Switch Point
Thigh Duty Cycle 45% 55% Vpp/2 Switch Point
Frequency Error 0.5 %
Maximum Frequency 135 MHz
Propagation Delay for 20 ns
Pass Through Frequency
Output Enable to Tri-State 15 ns
(into and out of) time

*  'WD90C11 Video Controller 1s designed with TTL level iput thresholds on the mputs driven by the ICS90C64A VCLK and MCLK outputs.

The later controllers (WD90C20, WD90C22, WD90C26, WD90C30, and WD90C31) are designed with mput switch ponts of VCC/2 (CMOS)
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Figure 5-1 ICS90C64A Timing

Ordering Information
ICS90C64A-XXXN or ICS90C64A-XXXM or ICS90C64A-XXXV

Example:

ICS XXXX- XXX N

Package Type
N=DIP (Plastic) V=PLCC
M=SOIC
Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3-6 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device
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Integrated
Circuit
Systems, Inc.

ICS90C65

Dual Voltage Video/Memory Clock Generator

Introduction

The Integrated Circuit Systems ICS90C6S is a dual clock
generator for VGA applications. It simultaneously generates
two clocks. One clock is for the video memory, and the other
is the video dot clock.

The ICS90C65 has been specifically designed to serve the
portable PC market with operation at either 3.3V or 5V with a
comprehensive power-saving shut-down mode.

This data sheet supplies sales order information, a functional
overview, signal pin details, a block diagram, AC/DC charac-
teristics, timing diagrams, and package mechanical information.

Description

The Integrated Circuit Systems Video Graphics Array Clock
Generator (ICS90C65) is capable of producing different out-
put frequencies under firmware control. The video output
frequency is derived from a 14.318 MHz system clock avail-
able in IBM PC/XT/AT and Personal System/2 computers. It
is designed to work with Western Digital Imaging Video
Graphics Array and 8514/A devices to optimize video subsys-
tem performance.

The video dot clock output may be one of 15 internally-
generated frequencies or one external input. The selection of
the video dot clock frequency is done through four inputs.

VSELO
VSEL1
VSEL2
VSEL3

VSELO and VSELL1 are latched by the SELEN signal. VSEL2
and VSEL3 are used as direct inputs to the VCLK selection.
Table 1-1 is the truth table for VCLK selection.

The input and truth table have been designed to allow a direct
connection to one of the many Western Digital Imaging VGA
controllers or 8514/A chip sets.

The MCLK output is one of eight internally-generated fre-
quencies as shown in Table 1-2. The various VCLK and
MCLK frequencies are derived from the 14.318 MHz input
frequency.

The VCLKE and MCLKE input can tristate the VCLK and
MCLK outputs to facilitate board level testing.

Features

e Specified for dual voltage operation (Vpp=3.3V or 5V), but
operates continuously from 3.0V to 5.25V

e Designed to be powered-down for extended battery life

e Backward compatibility to the ICS90C64 and ICS90C63

e Dual Clock generator for the IBM-compatible Western
Digital Imaging Video Graphics Array (VGA) LSI devices,
and 8514/A chip sets

e Integral loop filter components, reduce cost and phase jitter

e Generates fifteen video clock frequencies (including
25.175 and 28.322 MHz) derived from a 14.318 MHz
system clock reference frequency

e On-chip generation of eight memory clock frequencies
Video clock is selectable among the 15 internally generated
clocks and one external clock
CMOS technology
Available in 20-pin PLCC, SOIC and DIP packages

3) EXTCLK
1| e

2 | MSEL2

VSELT [ 4 18 | VCLKE
VSELO | 5 17| NC
seen |6 [CSOOCESY 18| avss
VSEL2 | 7 151 AVDD
VSEL3 | 8 14 | MCLKE
o - & m
o 2 = 22
Q 0 o x |Z
§83 28
¢3¢ 3
Clki g 0 pvDD
MSEL2 O O p vCLk
EXTCLK [ P VCLKE
VSEL1 g pNC
VSELO D Avss
SELEN ICS90C65M 0 AVDD
VSEL2 g 1 MCLKE
VSEL3 [ P PWRDN
MSELO O D MCLK
Dvss P MSEL1

20-Pin PLCC, SOIC,DIP
K-10, K-7, K-4

Note:ICS90C65N (DIP) pinout 1s 1dentical to ICS90C65M (SOIC) pinout

90C64ARevA100494
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ICS90C65 VGA Interface

The ICS90C65 has two system interfaces: System Bus and
VGA Controller, as well as other programmable inputs. Figure
1 shows how the Integrated Circuit Systems’ VGA Clock
ICS90Cé65 is connected to a VGA controller. Western Digital
Imaging VGA controllers normally have a status bit that indi-
cates to the VGA controller that it is working with a clock chip.
When working with a clock chip the VGA controller changes
two of its clock inputs to outputs. They are
theVCLK1/VCSLD/VCSEL and VCLK2/VCSEL/ VCSELH
outputs and they are used to select the required video frequency.

When the power-down capabilities are used, the control signal
for PWRDN is normally held in one of a group of latches. If
the power-down function is not to be used, PWRDN must be
tied to Vpp, otherwise the internal pull-down will place the
chip in the power-down mode.

pull-up at reset WD90C26
and PR15(5)=0
AMD(3)

LATCH
- vekin  VCS
| MCLK ves
ICS90C65
SD2 VSELO PWRDN
sD3
VSEL1 VLK
L] VSEL2
»| SELEN MC
14.318 MHz »| CLKI
Figure 1
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System Bus Inputs

The system bus inputs are:

e CLKI
e VSELO
e VSELI

The ICS90C65 uses the system bus 14.318 MHz clock as a
reference to generate all its frequencies for both video and
memory clocks. Data lines D2 and D3 are commonly used as
inputs to VSELO and VSELI for video frequency selection.

Inputs from VGA Controller
The VGA controller input to the ICS90C65 is:

e SELEN

The ICS90C65 is programmed to generate different video
clock frequencies using the inputs of VSELO, VSEL1, VSEL2,
and VSEL3. The signals VSEL2 and VSEL3 may be supplied
by the VGA controller as is the case in Western Digital
Imaging VGA controllers. The inputs VSELO-1 are latched
with the signal SELEN. The SELEN input should be an active
low pulse. This active low pulse is generated in Western Digital
Imaging VGA controllers during I/O writes to internal register
3C2h.

Note: Only VSELO and VSELI are latched with signal SE-
LEN.

Outputs to VGA Controller

The outputs from the ICS90C65 to the VGA controller are:

e MCLK
VCLK

MCLK and VCLK are the two clock outputs to the VGA
controller.

Analog Filters

The analog filters are integral to the ICS90C65 device. No
external components are required. This feature reduces PC
board space requirements and component costs. Phase-jitter is
reduced as externally-generated noise cannot easily influence
the phase-locked loop filter.

User-Definable Inputs

The user definable inputs are:

EXTCLK
VLCKE, MCLKE
MSELO-2
VSEL2, VSEL3
PWRDN

EXTCLK is an additional input that may be internally routed
to the VCLK output. This additional input is useful for sup-
porting modes that require frequencies not provided by the
ICS90C65 or for use during board test.

VCLKE and MCLKE are the output enable signals for VCLK
and MCLK. When low the respective output is tristated.

MSELQ-2 are the memory clock (MCLK) select lines. Table
1-2 shows how MCLK frequencies are selected. All signals in
this group have internal pull-up resistors.

VSEL2 and VSELS3 are video clock (VCLK) select lines that
can select additional VCLK frequencies. See Table 1-1.

VSEL2 and VSEL3 have internal pull-ups.

PWRDN can place the ICS90C65 in a power-down mode
which drops its supply current requirement below 1 microamp.
When placed in this mode, the digital inputs may be either high
orlow or floating without causing an increase in the ICS90C65
supply 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 by the ICS90C65

when it is in its low power state.

If CLKI is being driven by an external source, it may be driven
low or high without a power penalty. If CLKI is at an interme-
diate voltage (Vss+0.5 < VIN <Vpp-0.5), there will be a small
increase in supply current. If CLKI is driven at 14.318 MHz
while the chip is in power-down, the ICS90C65 supply current
will increase to approximately 1.2 mA.

The SELEN (pin 6) may be used to guard against inadvertent
frequency changes during power-down/powerup sequences.
By holding the SELEN low during power-down and power-up
sequences, the ICS90C65 will retain the most recent video
frequency selection.
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Power Considerations

The ICS90C65 product requires an AVpp supply free of fast ~ +3V © IE1 ]
rise time transients. This requirement may be met in several == DVDD
ways and is highly dependent on the characteristics of the host J_J uF

system. A VGA adapter card is unique in that it must function =
in an unknown environment. +5 Volt power quality is depend- 470,. ) )
ent not only on the quality of the power supply resident in the +2v © YYWRi D1 _I_C1
host system, but also on the other cards plugged into the host’s VSS  AVSS
backplane. Power supply noise ranges from fair to terrible. As 4~7VI1 uF _I: I
the VGA adapter manufacturer has no control over this, he must L L L
assume the worst. The best solution is to create a clean +5 Volts
by deriving it from the +12 Volt supply by using a zener diode
and dropping resistor. A 470 Ohm resistor and 5.1 Volt Zener
diode are the least costly way to accomplish this. A .047 to .1
microfarad bypass capacitor tied from AVpp to Avss insures
good high- frequency decoupling of this point.

AVDD

Laptop and notebook computers have entirely different prob-

lems with power. Typically they have no +12 Volt supply;

however, they are much quieter electrically. Because the de-

signer has complete control of the system architecture, he can

place sensitive components and systems such as the RAMDAC 10
and Dual Video/Memory Clock away from DRAM and other  +5V o VWi ‘
noise-generating components. Most systems provide power 22 ;LES
that is clean enough to allow for jitter- free Dual Video/Mem- 22 J_1 uF
ory Clock performance if the +5 Volt supply is decoupled with = 1
aresistor and 22 microfarad Tantalum capacitor. Digital inputs

that are desired to be held at a static logical high level should

not be tied to +5 Volts as this may result in excessive current J_ _L
drain through the ESD protection diode. The internal pull-up = =
resistors will adequately keep these inputs high.

DVDD

AVDD

\l
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Pin Descriptions
The following table provides the pin descriptions for the 20-pin ICS90C65 packages.

PIN PIN TYPE DESCRIPTION
NUMBER SYMBOL
1 CLKI IN Reference input clock from system
2 MSEL2 IN Select input for MCLK selection
3 EXTCLK IN External clock input for an additional frequency
4 VSEL1 IN Control input for VCLK selection
5 VSELO IN Control input for VCLK selection
6 SELEN IN Strobe for latching VSEL(0,1) (Low enable)
7 VSEL2 IN Control input for VCLK selection
8 VSEL3 IN Control input for VCLK selection
9 MSELOQO IN Select input for MCLK selection
10 DVSS - Ground for Digital Circuit
11 MSELI1 IN Select input for MCLK selection
12 MCLK OuT Memory Clock Output
13 PWRDN IN Power Down Control
14 MCLKE IN Enable input for MCLK output (high enables output)
15 AVDD - Power supply for analog circuit
16 AVSS - Ground for analog circuit
17 N.C. - No connection
18 VCLKE IN Enable input for VCLK output (high enables output)
19 VCLK ouT Video Clock Output
20 DVDD - Power supply for Digital Circuit

Note:
CLKI, EXTCLK,VSELO, VSEL1,VSEL2, VSEL3, SELEN, MSEL0, MSEL1, MSEL2, VCLKE, and MCLKE - input pins have
internal pull-up resistors. PWRDN has an internal pull-down resistor.
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Absolute Maximum Ratings

Ambient Temperature
under bias

0°Cto70°C

Storage temperature -40 °Cto 125 °C

0.3 to 7 Volts

Voltage on all inputs and

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.

outputs with respect to Vss Operating Temperature 0°C to 70 °C
range
Note: Stresses above those listed under Absolute Maximum | Power supply voltage 3.0to 5.25 Volts
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 abso-
lute maximum rating conditions for extended periods may
affect product reliability.
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 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 20 -
Tsu Setup Time Data to Strobe 20 -
Thd Hold Time Data to Strobe 10 -
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 MH:z
- Propagation Delay for Pass Through - 20 ns
Frequency
- Output Enable to Tristate 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 %o
- Maximum Frequency 110 MHz
- Propagation Delay for Pass Through - 30 ns
Frequency
- Output Enable to Tristate 20 ns
(into and out of) time
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DC Characteristics at 5 Volts Vpp

SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
VbD Operating Voltage Range 4.75 5.25 \Y
\%19 Input Low Voltage Vss 0.8 \Y Vpp =5V
VIH Input High Voltage 2.0 VDD \ Vpp =5V
I Input Leakage Current - 10 LA VIN=Vcc
VoL Output Low Voltage - 0.4 \ IoL = 8.0 mA
Vou Output High Voltage 2.4 - \Y Ioy = 8.0 mA
Ipp Supply Current - 30 mA VDD =5V
Rup Internal pull-up Resistors 50 - K ohms Vin = 0.0V
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz
IpN Power-down Supply Current - 1.0 uA Vpp=3.3V
RDN Internal pull-down Equivalent 20 - K ohms VIN=VDD=5V
DC Characteristics at 3.3 Volts Vpp
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
VbbD Operating Voltage Range 3.0 3.6 \Y
ViL Input Low Voltage Vss 0.8 \ Vpp = 3.3V
VIH Input High Voltage 2.0 VDD \ Vpp = 3.3V
Iy Input Leakage Current - 10 UA Vin= VDD
VoL Output Low Voltage - 0.4 \Y IoL=3.0mA
VoH Output High Voltage 24 - \ Ion =3.0mA
Ipp Supply Current - 20 mA Vpp = 3.3V
Rup Internal pull-up Resistors 100 - K ohms VN = 0.0V
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz
IPN Power-down Supply Current - 1.0 uA Vpp =3.3V
RDN Internal pull-down Equivalent 50 - K ohms VIN =VDD =3.3V
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Ordering Information
ICS90C65-XXXN or

Example:

ICS XXXX-XXX N

ICS90C65-XXXM or 1CS90C65-XXXV

Package Type
N=DIP (Plastic) V=PLCC
M=SOIC
Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3-6 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device
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Integrated
Circuit
Systems, Inc.

ICS9161A

Dual Programmable Graphics Frequency Generator

General Description

The ICS9161 is a fully programmable graphics clock gener-
ator. It can generate user-specified clock frequencies using an
externally generated input reference or a single crystal. The
output frequency is programmed by entering a 24-bit digital
word through the serial port. Two fully user-programmable
phase-locked loops are offered in a single package. One PLL
is designed to drive the memory clock, while the second drives
the video clock. The outputs may be changed on-the-fly to any
desired frequency between 390 kHz and 120 MHz. The
ICS9161 is ideally suited for any design where multiple or
varying frequencies are required.

This part is ideal for graphics applications. It generates low
jitter, high speed pixel clocks. It can be used to replace multiple,
expensive high speed crystal oscillators. The flexibility of the
device allows it to generate non-standard graphics clocks.

The ICS9161 is also ideal in disk drives. It can generate zone
clocks for constant density recording schemes. The low profile,
16-pin SOIC or PDIP package and low jitter outputs are
especially attractive in board space critical disk drives.

The leader in the area of multiple output clocks on a single
chip, ICS has been shipping graphics frequency generators
since October, 1990, and is constantly improving the phase-
locked loop. The ICS9161 incorporates a patented fourth gen-
eration PLL that offers the best jitter performance available.

Block Diagram

Features

Pin-for-pin and function compatible with ICD2061A
Dual programmable graphics clock generator

Memory and video clocks are individually programmable
on-the-fly

Ideal for designs where multiple or varying frequencies
are required

Increased frequency resolution from optional pre-divide
by 2 on the M counter

Output enable feature available for tristating outputs

Independent clock outputs range from 390 kHz to
120 MHz

Operation up to 140 MHz available
Power-down capabilities

Low power, high speed 0.8 CMOS technology
Glitch-free transitions

Available in 16-pin SOIC or PDIP package

EXTCLK EXTSEL

D11-013 1 |
: |
X1 |
x2 ETSACL Veo ouTPUT MUX 0?1“14231’ G
DIVIDER e VCLK
1 R=1,2,48,16 ;
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SELO-CLK 20y ADDRESS [CONTROL REG | 21, 1 |
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2 Errrall IPALNG o] mux [ oo —H—oe
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Pin Configuration

SELO-CLK — 1 ~ 16 |- /PD
SEL1-DATA — 2 15 = EXTSEL
VDD — 3 < 14 = INITH
OE — 4 b 13 |~ VDD
GND - 5 & 12— INITO
xt 46 & 1L exox
X2 47 T 10 | /ERROUT
MCLK — 8 9 I~ VCLK
16-Pin SOIC or PDIP
K-6, K-4
Pin Descriptions
PIN NUMBER | PIN NAME TYPE DESCRIPTION
1 SELO-CLK Clock input in serial programming mode
Clock select pin in operating mode
2 SEL1-DATA Data input in serial programming mode
Clock select pin in operating mode

3 AVDD Power
4 OE Tristates outputs when low
5 GND Ground
6 X1 Crystal input
7 X2 Crystal output
8 MCLK Memory clock output
9 VCLK Video clock output
10 /ERROUT Output low signals an error in the serially programmed word
11 EXTCLK External clock input
12 INITO Selects initial power-up conditions, LSB
13 VDD Power
14 INIT1 Selects initial power-up conditions, MSB
15 EXTSEL Selects external clock input (EXTCLK) as VCLK output
16 /PD Power-down pin, active low
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Register Definitions

The register file consists of the following six registers:

Register Addressing
Address Register Definition
000 REGO Video Clock Register 1
001 REG1 Video Clock Register 2
010 REG2 Video Clock Register 3
011 MREG Memory Register
100 PWRDWN Divisor for Power-down mode
110 CNTLREG |Control Register

The ICS9161 places the three video clock registers and the
memory clock register in a known state upon power-up. The
registers are initialized based on the state of the INIT1 and
INITO pins at application of power to the device. The INIT pins
must ramp up with VDD if a logical 1 on either pin is required.
These input pins are internally pulled down and will default to
a logical 0 if left unconnected.

The registers are initialized as follows:

Register Initialization

INIT1 | INITO | MREG | REGO | REG1 | REG2
0 0 32.500 | 25.175 | 28.322 | 28.322
0 1 40.000 | 25.175 | 28.322 | 28.322
1 0 50.350 | 40.000 | 28.322 | 28.322
1 1 56.644 | 40.000 | 50.350 | 50.350

Register Selection

When the ICS9161 is operating, the video clock output is
controlled with a combination of the SELO, SEL1, /PD and OE
pins. The video clock is also multiplexed to an external clock
(EXTCLK) which can be selected with the EXTSEL pin. The
VCLK Selection Table shows how VCLK is selected.

VCLK Selection
OE | /PD | EXTSEL |SELI|SELO| VCLK
0 X X X X Tristate
1 0 X X x | Forced High
1 1 X 0 0 REGO
1 1 X [0 1 REGI1
1 1 0 1 0 EXTCLK
1 1 1 1 X REG2
1 1 X |1 1 REG2

As seen in the VCLK Selection table, OE acts to tristate the
output. The /PD pin forces the VCLK signal high while pow-
ering down the part. The EXTCLK pin will only be multi-
plexed in when EXTSEL and SELOQ are logic 0 and SELI is a
logic 1.

The memory clock outputs are controlled by /PD and OE as
follows:

MCLK Selection
OE /PD MCLK
0 X Tristate
1 1 MREG
1 0 PWRDWN

The Clock Select pins SELO and SEL1 have two purposes. In
serial programming mode, these pins act as the clock and data
pins. New data bits come in on SEL1 and these bits are clocked
in by a signal on SELO. While these pins are acquiring new
information, the VCLK signal remains unchanged. When
SELO and SEL1 are acting as register selects, a time-out
interval is required to determine whether the user is selecting
a new register or wants to program the part. During this initial
time-out, the VCLK signal remains at its previous frequency.
At the end of this time-out interval, a new register is selected.
A second time-out interval is required to allow the VCO to
settle to its new value. During this period of time, typically 5
msec, the input reference signal is multiplexed to the VCLK
signal.

When MCLK or the active VCLK register is being re-pro-
grammed, then the reference signal is multiplexed glitch-free
to the output during the first time-out interval. A second time-
out interval is also required to allow the VCO to settle. During
this period, the reference signal is multiplexed to the appropri-
ate output signal.
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Control Register Definitions

The control register allows the user to adjust various internal options. The register is defined as follows:

Bit Bit Name Default Value Description

9 C5 0 This bit determines which power-down mode the /PD pin will implement.
Power-down mode 1, C5=0, forces the MCLK signals to be a function of
the power-down register. Power-down mode 2, C5=1, turns off the crystal
and disables all outputs.

8 C4 0 This bit determines which clock is multiplexed to VCLK during frequency
changes. C4=0 multiplexes the reference frequency to the VCLK output.
C4=1 multiplexes MCLK to the VCLK output for applications where the
graphics controller cannot run as slow as fREF.

7 C3 0 This bit determines the length of the time-out interval. The time-out
interval is derived from the MCLK VCO. If this VCO is programmed to
certain extremes, the time-out interval may be too short. C3=0, normal
time-out. C3=1, doubled time-out interval.

6 C2 0 Reserved, must be set to 0.

5 Cl1 1 This bit adjusts the duty cycle. C1=0 causes a 1ns decrease in output high
time. C1=1 causes no adjustment. If the load capacitance is high, the
adjustment can bring the duty cycle closer to 50%.

4 Co 0 Reserved, must be set to 0.

3 NS2 0 Acts on register 2. NS2=0 prescales the N counter by 2.

NS2=1 prescales the P counter value to 4.

2 NS1 0 Acts on register 1. NS1=0 prescales the N counter by 2.
NS1=1 prescales the P counter value to 4.

1 NSO 0 Acts on register 0. NS1=0 prescales the N counter by 2.
NSO=1 prescales the P counter value to 4.
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Serial Programming Architecture

The pins SELO and SEL1 perform the dual functions of select-
ing registers and serial programming. In serial programming
mode, SELO acts as a clock pin while SEL1 acts as the data
pin. The ICS9161-01 may not be serially programmed when
in power-down mode.

In order to program a particular register, an unlocking sequence
must occur. The unlocking sequence is detailed in the follow-

ing timing diagram:

PNSINSINSIN SN A

SEL1-DATA

L/

SELO-CLK

The unlock sequence consists of at least five low-to-high
transitions of CLK while data is high, followed immediately
by a single low-to-high transition while data is low. Following
this unlock sequence, data can be loaded into the serial data
register.

Following any transition of CLK or DATA, the watchdog timer
is reset and begins counting. The watchdog timer ensures that
successive rising edges of CLK and DATA do not violate the
time-out specification of 2ms. If a time-out occurs, the lock
mechanism is reset and the data in the serial data register is
ignored.

Since the VCLK registers are selected by the SELO and SEL1
pins, and since any change in their state may affect the output
frequency, new data input on the selection bits is only permitted
to pass through the decode logic after the watchdog timer has
timed out. This delay of SELO or SEL1 data permits a serial
program cycle to occur without affecting the current register
selection.

Serial Data Register

The serial data is clocked into the serial data register in the
order described in Figure 1 below (Serial Data Timing).

The serial data is sent as follows: An individual data bit is
sampled on the rising edge of CLK. The complement of the
data bit must be sampled on the previous falling edge of CLK.
The setup and hold time requirements must be met on both
CLK edges. For specifics on timing, see the timing diagrams
on pages 10, 11 and 12.

The bits are shifted in this order: a start bit, 21 data bits, 3
address bits (which designate the desired register), and a stop
bit. A total of 24 bits must always be loaded into the serial data
register or an error is issued. Following the entry of the last
data bit, a stop bit or load command is issued by bringing DATA
high and toggling CLK high-to-low and low-to-high. The
unlocking mechanism then resets itself following the load.
Only after a time-out period are the SELO and SELI pins
allowed to return to a register selection function.

Data Bits

LSB

TART]
STOP

BITs|1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21}22 23 24|BITs
Vi -

COProg- 10 M1 M2 M3 M4 M5 M6 RO RI R2 NO N1 N2 N3 N4 NS N6 10 I 2 13 [A0 Al A2 |VCO Prog-
Word Word
CNTLRegl 6 9 o 0 0 0 0 0 0 0 0 0 PSOPSIPS2CO C1 C2 c3 c4 cs| o 1 1 ]|CNTLReg
PWRDWN PWRDWN
Reg Reg

»>le—>p
MSB|LSB MSB

Figure 1: Serial Data Timing
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The serial data register is exactly 24 bits long, enough to accept
the data being sent. The stop bit acts as a load command that
passes the contents of the Serial Data Register into the register
indicated by the three address bits. If a stop bit is not received
after the serial register is full, and more data is sent, all data in
the register is ignored and an error issued. If correct data is
received, then the unlocking mechanism re-arms, all data in
the serial data register is ignored, and an error is issued.

/ERROUT Operation

Any error in programming the ICS9161 is signaled by
/ERROUT. When the pin goes low, an error has been detected.
It stays low until the next unlock sequence. The signal is
invoked for any of the following errors: incorrect start bit,
incorrect data encoding, incorrect length of data word, and
incorrect stop bit.

Programming the ICS9161

The ICS9161 has a wide operating range, but it is recom-
mended that it is operated within the following limits:

1 MHz <Frer <60 MHz Frer=Input Reference
Frequency

200 kHz <FrerM <5 MHz M=Reference divide
3t0 129

50 MHz < Fvco <120 MHz Fvco=VCO output
frequency

FcLk <120 MHz FcLk=output frequency

The frequency of the programmable oscillator Fvcb is deter-
mined by the following fields:

Field # of Bits
Index (I) 4
N counter value (N”) 7
Mux (R) 3
M counter value (M’) 7

Where the least significant bit is the last bit of M and the most
significant bit is the first bit of I.

The equations used to determine the oscillator frequency are:

N=N"+3 M=M’+2
Fvco=Prescale ® N/M e FRgr
where 3<M<129and4 <N <130
and prescale=2 or 4, as set in the control register

The value of Fyco must remain between 50 MHz and 120
MHz. As aresult, for output frequencies below 50 MHz, Fyvco
must be brought into range. To achieve this, an output divisor
is selected by setting the values of the Mux Field (R) as follows:

Output Divisor
R Divisor
000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128

Unlike the ICD2061A, the ICS9161’s VCO does not require
tuning to place it in certain ranges. The ICS9161’s VCO will
operate from 50 MHz to 120 MHz without adjusting the VCO
gain. However, to maintain compatibility, the I bits are pro-
grammed as in the ICD2061A.

These bits are dummy bits except for the following two cases:

Index Field (I)
I VCLK Fvco MCLK Fvco
1110 Turn off VCLK 50 - 120 MHz
1111 Mux MCLK to VLCK 50 - 120 MHz

When the index field is set to 1111, VCLK is turned off and
both channels run from the same MCLK VCO. This is done in
an effort to reduce jitter, which may increase when VCOs run
at 2" multiples of one another. If the two outputs must be
multiples of one another, it is best to mux MCLK over to the
output of the VCLK VCO, and to power-down the VCLK
VCO. The multiplexed frequency will be divided down by the
correct divisor (M) and output on VCLK.
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Power Management Issues

Power-down mode 1

The ICS9161 contains a mechanism to reduce the quiescent
power when stand-by operation is desired. Power-down mode
1 is invoked by polling /PD low and having the proper CNTL
register bit set to zero. In this mode, VCOs are shut down, the
VCLK output is forced high, and the MCLK output is set to a
user-defined low frequency value to refresh dynamic RAM.

The power-down MCLK value is determined by the following
equation:

MCLKpp = FRee/(PWRDWN register divisor value)

The power-down register divisor is determined according to
the 4-bit word programmed into the PWRDWN register (see
table below).

Power-Down Register Table

Power-down mode 2

When there is no need for any output during power-down, an
alternate mode is available which will completely shut down
all outputs and the reference oscillator, but still preserves all
register contents. Power-down mode 2 in invoked by first
programming the power-down bit in the CNTL register and
then pulling the /PD pin low.

The /PD pin

The /PD pin has a standard internal pull-up resistor during
normal operation. When the chip goes into power-down mode
1 or 2, the normal pull-up resistor is dynamically switched to
a weak pull-up, which reduces power consumption. If the /PD
pin is allowed to float after it has been pulled down, the weak
pull-up will bring the signal high and allow the device to
resume operation.

PWRDWN bits PWRDWN Power-down MCLKpD
P3 P2 P1 PO Register Value Divisor (frRer=14.31818)
0 0 0 0 0 n/a n/a
0 0 0 1 1 32 447.4 kHz
0 0 1 0 2 30 4713 kHz
0 0 1 1 3 28 511.4 kHz
0 1 0 0 4 26 550.7 kHz
0 1 0 1 5 24 596.6 kHz
0 1 1 0 6 22 650.8 kHz
0 1 1 1 7 20 7159 kHz
1 0 0 0 8 (default) 18 795.5 kHz
1 0 0 1 9 16 894.9 kHz
1 0 1 0 A 14 1.02 MHz
1 0 1 1 B 12 1.19 MHz
1 1 0 0 C 10 1.43 MHz
1 1 0 1 D 8 1.79 MHz
1 1 1 0 E 6 2.39 MHz
1 1 1 1 F 4 3.58 MHz
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Absolute Maximum Ratings

VDD referencedtoGND ............. ... ... A%

Operating temperature under bias ............... 0°C to 70°C

Storage temperature .. ...............ooiin.... -40°C to +150°C

Voltage on I/O pins referenced to GND. .......... GND -0.5V to VDD +0.5V
Power dissipation . ............... .. ... ... 0.5 Watts

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

VDD = +5V £ 5%, 0°C < TAMBIENT < +70°C unless otherwise stated

Maximum Ratings
PARAMETER SYMBOL MIN MAX UNITS
Supply voltage relative to GND VDD -0.5 7.0 Volts
Input voltage with respect to GND VIN -0.5 VDD +0.5 Volts
Operating temperature TOPER 0 +70 °C
Storage temperature TsTOR -65 +150 °C
Max soldering temperature (10 sec) TsoL +260 °C
Junction temperature Tj +125 °C
Package power dissipation Ppiss 350 mWatts
DC Characteristics
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
High level input voltage Vi 2.0 \
Low level input voltage VIL 0.8 \Y
High level CMOS output voltage Vou |Iou=-4ma 3.84 \
Low level output voltage VoL IoL=4ma 0.4 \
Input high current I Vig=5.25V 100 UA
Input low current I ViL=0V -250 LA
Output leakage current Ioz (tristate) 10 HA
Power supply current Ipp 15 65 ma
Power supply current (typical) IpD-TYP | @60 MHZ 35 ma
Analog power supply current IADD 20 ma
Power-down current (Mode 1) IpD1 6 7.5 ma
Power-down current (Mode 2) IrD2 25 50 UA
Input capacitance CIN 10 pf
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Electrical Characteristics (continued)

AC Characteristics
DESCRIPTION NAME SYMBOL MIN TYP MAX UNITS
Reference oscillator value (Note 1) Reference fREF 1 14.31818 60 MHz
frequency
1/fREF Reference period tREF 16.6 69.8408 1000 ns
Duty cycle for the input oscillator Input duty cycle t1 25% 75%
defined as t1/tREF
Output oscillator values Output clock t2 8.33 2564 ns
periods (120 MHz) (390 kHz)
Duty cycle for the output oscillators | Output duty cycle t3 45% 55%
(note 2)
Rise time for the output oscillators Rise times t4 3 ns
into a 25pf load
Fall time for the output oscillators Fall times ts 3 ns
into a 25pf load
Old frequency output freql output tfreql
New frequency output freq2 output tfreq2
Time clock output remains high while |fREF mux time tA 0.5¢rEF L.5rEr ns
output muxes to reference frequency
Interval for serial programming and | Time-out interval ttime-out 2 5 10 ms
for VCO changes to settle (Note 3)
Time clock output remains high while | tfreq2muxtime B 05 tRER 15(RER ns
output muxes to new frequency value
Time for the output oscillators to go | Tristate 6 25 ns
into tristate mode after OUTDIS-
signal assertion
Time for the output oscillators to CLK valid t7 12 ns
recover from tristate mode after
OUTDIS-signal goes high
Time for power-down mode of opera- |Power-Down tg 25 ns
tion to take effect
Time for recovery from power-down |Power-Up to 12 ns
mode to a valid CLK
Time for MCLK to go high after MCLKOUT high t10 0 tPWRDWN ns
PWRDWN is asserted high
Delay of MCLK prior to fMCLK MCLKOUT delay t11 0.5 tMCLK 15tMeLK ns
signal at output
Clock period of serial clock tserclk 2  tREF 2 msec
Set-up time tsu 20 ns
Hold time tHD 10 ns
Load command tldemd 70 t1+30 ns

Notes:

1. For reference frequencies other than 14.81818 MHz, the pre-loaded ROM frequencies will shift proportionally.

2. Duty cycle is measured at CMOS threshold levels. At S volts, VTH=2.5 volts.
3. If the interval is too short, see the time-out interval section in the control register definition.
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Selection Recognition Time : VCO Settle Time I New Frequency State E
SELO l !
SEL1 X } i
ttimeout | ttimeout I
Internal I N I
Timeout | |
|

|
vok T LML L, s o

sl el e——ke—s| k]

Yreq A 'REF '8 Yreq2
Selection Timing

! VCO Settle Time : New Frequency State
Stop | |
Bit I |
I ttimeout I
(Internal | I
Timeout) \ I I
| |

VoK ML L e

tfreq1 tReF g tfreq2
Or tpmeLK if bit set
in Control Register

MCLK and Active VCLK Register Programming Timing
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This is when VCLK directly

/PD _——\Q

I
|
5 I
tg \ I to | ?::;Z |::; |\-./)CLK PLL
I |
-J-IJ_LJ_U—lJ 1 forced high 1 I_l_LI_Lr
VCLK | | s
fvcLk I 1—»| |<€—fyo!
1

=L

1
oLk fewRDWN e’ | |
(value from PWRDWN register)
)it takes 2-10 msec after soft
power-down to guarantee lock
of VCLK & MCLK PLLs

Soft Power-Down Timing (Mode 2)

Unlock Sequence Start Bit
tserclk 1 |

:1| 2 E 3| 4 sl 6g-N25 | .
(S, S N 1 N o N oy S o I 1 i
A A A A

tsu tsu

I
| |I |

DATA >>
1

| | |
] Valid Data Sequence (24 bits) |Stop Bity

tIdcr_ng_J(thernal
Load Register
Command)

Serial Programming Timing
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Ordering Information
ICS9161CN16 or ICS9161CW16

Example:

ICS XXXX-PPP M X#W

L

Lead Count & Package Width
Lead Count=1, 2 or 3 digits
‘W=.3” SOIC or .6” DIP; None=Standard Width
Package Type
N=DIP (Plastic)
W=SOIC
Pattern Number (2 or 3 digit number for parts with ROM code patterns, if applicable)
Device Type (consists of 3 or 4 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device
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Clock Generators Application Note

Designing with ICS Video Dot Clock Generators

The ICS family of dot clock generators is a simple to use,
cost-effective solution to the generation of dot clock frequen-
cies required by VGA and other graphics subsystems. Appli-
cation of these parts is fairly straightforward; however, certain
precautions should be taken to insure a low phase jitter imple-
mentation when laying out circuit boards. The ICS dot clock
products are high-speed high-performance mixed ana-
log/digital IC products. As such they are capable of generating
very fast risetime signals (<1.5 nanoseconds). Although ICS
dot clock generators have digital inputs and outputs, they are
precision analog ICs. They are dependent internally on sta-
ble, noise-free analog signals in the microvolt region for jitter-
free operation.

Grounding

The most common reason for poor performance of graph-
ics subsystems products is inadequate grounding. To
achieve maximum performance, a ground plane layer will be
required for the area on which the dot clock generator is placed.
Typical graphics cards already have this layer as many other
parts of the subsystem such as the DRAM and Ramdac require
this as well. To prevent ground loops and circulating currents
associated with other parts of the subsystem from generating
differential voltages across the circuitry used with the dot
clock, a cut should be made in the groundplane layer surround-
ing the dot clock circuitry so that it connects with the main part
of the groundplane at one point. Preferably this will lead to a
low noise area close to the card edge connector. This insures
that signals related to logic, DRAM memory, and other cir-
cuitry will not be superimposed on VCO control inputs.

The Two-Layer VGA Board

Recently, competitive pressure in the VGA adapter market has
resulted in a high level of interest in designing a two-layer
VGA PC board. With some compromise in jitter performance,
a successful two layer design may be achieved. The success
of a two layer design is totally dependent on board layout.
Video RAM represents a highly capacitive load to the VGA
controller. Read/write operations result in high currents in the
order of amperes on the VGA board. If these current pulses
interact with the dot clock generator viacommon ground paths,
etc. the result will be highly unsatisfactory. If the ground paths
to the VGA controller are not robust, the relative ground
bounce of the VGA controller, dot clock generator, and Ram-
dac will create visually apparent problems. Component place-
ment must be carefully thought out with respect to ground
currents if a two layer design is to be successful. We strongly
suggest that you contact ICS applications engineering and
submit a copy of your layout and PCB artwork to us before you
purchase boards.

Internal Crystal Oscillator

oM
; 820
PIN 1 ‘\/\/\/TPIN Fad
™ 1

Crystal Oscillator & Crystal Selection

Most of the ICS family of dot clock generators have circuitry
onboard to implement a Pierce oscillator with the addition of
only one external component, a quartz crystal. Pierce oscilla-
tors operate the crystal in anti- (also called parallel-) resonant
mode. See the AC Characteristics in the appropriate data sheet
for the effective capacitive loading to specify when ordering
crystals.

TO LOGIC

%

So called series-resonant crystals may also be used with the
ICS dot clock generators. Be aware that the oscillation fre-
quency will be slightly higher than the frequency that is
stamped on the can (typically 0.005-0.01%).

As the entire operation of the phase-locked loop depends on
having a stable reference frequency, we recommend that the
crystal be mounted as closely as possible to the package. As
it is necessary for this circuitry to be biased into the linear
region to implement the oscillator function these pins are
susceptible to noise pickup. Avoid routing digital signals or the
dot clock generator outputs underneath or near these traces. It
is also desirable to ground the crystal can to the ground plane,
if possible.

Reference Frequency

Alternatively, the bus clock signal at 14.31818 may be used.
If this is done, an on-board buffer should be used to clean up
this signal, and prevent problems with noise, ringing, and
overshoot. If a bipolar buffer is used, the signal should be
capacitively coupled to XTAL1 as the internal oscillator is
internally biased to a Vpp/2 threshold. A .047 or .1 microfarad
capacitor is recommended for this application. HCMOS buff-
ers may be directly connected to XTALI through a 33 ohm
series resistor. XTAL2 must be left unconnected if an external
clock is used.

1394AppRevA 100594
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Bypassing

High frequency bypassing of the ICS dot clock generator is
mandatory for proper operation. Short, low inductance connec-
tions are important between the analog and digital Vpp pins to
the bypass capacitors and from the capacitor to ground. When
selecting capacitors to bypass this or any other high-frequency
device, the frequency of most concern is not the operating
frequency of the device, but the frequency equivalent to
1/risetime, in this case 500 MHz. Multiple bypass capacitors
are preferable, with a small ceramic disk placed as close as
possible to the supply pin. The capacitor, its leads, and the
interconnect leads form a series resonant circuit. This circuit
should be resonant at a frequency well above the frequency of
interest (500 MHz). Therefore capacitor values of .047 micro-
farad or less will provide more effective bypassing, forcing the
bypassing to operate on the capacitive side of resonance. A
larger (1 microfarad or greater) tantalum bypass should parallel
this to reject lower frequency noise.

“Microphonics”

ICS applications engineering occasionally receives complaints
about graphics subsystems being “microphonic.” Itis claimed
that our parts are subject to output jitter if they are tapped on
or vibrated. These problems invariably show up on surface-
mount board designs. When investigated, the problem always
turns out to be ceramic capacitors.

Small surface-mount ceramic capacitors are made with barium
titanate dielectric material. Barium titanate is also used to make
microphones, ultrasonic transducers etc., as it is one of the most
efficient piezoelectric material. Soldering these capacitors to a
G10 glass epoxy PC board results in the capacitor being placed
in mechanical compression, as the glass/epoxy material has a
much higher coefficient of thermal expansion than does the
barium titanate, a ceramic. When the PCB cools after a solder-
ing operation the capacitor is partially compressed and rigidly
atached to the board. Any vibration transmitted to the board
results in flexure of the capacitor which outputs a resultant
voltage. Although the same materials are used to make leaded
components, the wire leads decouple the mechanical stress and
vibration from the capacitor, and no problem results.

This phenomenon caused difficulties with graphics subsys-
tems that used our first generation devices such as the ICS1394,
ICS1560, and ICS90C63 which had external-loop filter com-
ponents. The advent of second generation dot clock devices
with integral loop filters has all but eliminated this problem if
double bypassing is used. The larger tantalum capacitor is
non-microphonic even in surface mount, and readily absorbs
mechanically generated voltage spikes from the smaller (but
more effective at high frequencies) ceramic capacitor.

Soldering Considerations

A problem that ICS applications engineering is beginning to
see quite often is related to the new water-based fluxes. Until
quite recently most fluxes used for PC board assembly were of
the activated rosin type. Wave soldering machines sprayed flux
directly on the solder side of the PCB, then the board traveled
through the solder wave. Boards were then run through a vapor
degreaser where trichlorethelyne (TCE) or Freon were used to
remove residual flux. Environmental considerations have all
but eliminated the use of these substances for flux removal.

Rosin based fluxes are very stable non-conductive materials at
room temperatures and cause few problems even when poorly
cleaned. Water-based fluxes are hygroscopic, that is they
absorb water from the water vapor present in air. As they are
ionic compounds, they can cause a resistive film to be left on
boards that have been improperly cleaned. In addition, the
incresased usage of surface mount technology has resulted in
components being much closer to the PC board surface, mak-
ing it harder to adequately remove flux from under these
components. The smaller lead spacing and higher density of
these boards results in shorter leakage paths, and a higher
probability of leakage related problems. The problem typically
manifests itself as a crystal oscillator startup problem. A cus-
tomer will call ICS and say that one of our dot clock generator
products refused to start. Replacing the device fixed the prob-
lem. As they have experienced the problem several times they
are requesting ICS Quality Assurance to run a failure analysis.
When we retest their parts all appear to work normally.

When the customer replaced the part he inadvertently fixed the
problem. Board repair is invariably done with a soldering iron
and rosin core solder. Most often an aerosol can of flux
remover is used to clean up after a repair. Heating the solder
pads to remove and replace the suspected device will drive any
moisture from the PC board. The rosin flux has substances to
entrap or neutralize ionic contaminants and, even if not prop-
erly cleaned, leaves a waterproof coating. With the offending
conductive residue removed, the crystal oscillator circuitry is
now capable of biasing itself back into the linear region and
will be able to start.

This source of problems could also cause jitter related prob-
lems in first generation devices with external loop filter com-
ponents, as this circuitry exhibits very high impedances.
Straight digital circuitry is relatively immune to these prob-
lems; however, it may be causing similar problems with Ram-
dac circuitry.

Make sure your PC board assembly operation is regularly
tested for ionic contamination and you will never see this
problem.
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Output Considerations

The output circuitry of the ICS family of dot clock generator
products exhibits a characteristic impedance of approximately
33 ohms. A series resistor of 33 ohms and an inexpensive
ferrite bead in series with the output will greatly reduce the
radiated harmonics of the output signal without otherwise
impairing performance. This may be helpful in meeting FCC
requirements. The ICS dot clock generator has consistently
produced less interference than fixed frequency crystal oscil-
lators in this respect, as it is only producing one frequency at
a time and has nicely controlled rise and fall times. See the
comparative spectral plots of the ICS dot clock generators and
crystal oscillators and note the relatively rapid rate that high
frequency harmonics fall off for the dot clock generator. In no
case should a capacitor be connected from the output signal
to ground. At the frequency equivalent to the risetime
(500MHz) even a 6 picofarad oscilloscope probe is equivalent
to a 50 ohm reactance. The current, to charge and discharge
this capacitor, has to be provided from Vpp and ground. This
capacitive loading defeats the purpose of our carefully control-
led bypassing circuitry, and is not required for meeting FCC
interference requirements, if the series resistor and ferrite bead
are used.

XTAL OSC

MKA 26 MHz

#p FEF_ @ dBm ATTEN 10 dB -8 70 dBm

3 }
L h

10 dB/

STOP 1680 MHz
SWP 28 msec

START @ Hz

AES BW 3 MHz VBW 1 MHz

Power Supply Considerations

ICS dot clock generators function as phase-locked loops. A
stable reference frequency is generated by the crystal oscilla-
tor. This frequency is divided down by a variable modulus
frequency divider and fed to the reference input of the phase
comparator. The feedback input of this phase comparator is fed
by a second variable modulus frequency divider; however, this
divider chain is driven by a voltage-controlled oscillator
(VCO). The output of the phase comparator is a tristate signal
which produces a pulse which has a width proportional to the
phase difference between the reference and feedback inputs.
The polarity of these error pulses is dependent on whether the
feedback input leads or lags the reference input. These correc-
tion pulses are integrated in the loop filter and are applied to
the VCO input in such a polarity as to minimize the phase error.
In a perfect system this loop would settle with no remaining
phase error and remain there until a new frequency was re-
quired and different modulo divisors were selected. In practice,
the loop can correct for external disturbances as long as these
disturbances occur more slowly than the loop natural fre-
quency. Changes in power supply voltage affect the gain of the
VCO, and the phase comparator. If they happen slowly
enough, the loop compensates and no error is introduced. Step
changes cannot be compensated for and must be eliminated.

ICS Dot Clock Generator

MKR 29 MHz

Hp REF_.@ dBm ATTEN 18 dB -8.20 dBm

10 d8/

t,

START @ Hz
RES BW 3 MHz

STOP 1688 MHz

VBW 1 MHz SWP 28 msec

Output Spectrum
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When a higher voltage supply is available, the simplest ap-
proach is to regulate the analog supply voltage and eliminate
the disturbance. In desktop PCs the +12 volt supply can be used
either with a three terminal regulator or a zener diode and
dropping resistor.

Laptop and notebook computers pose a more difficult problem
in that a higher voltage supply is not usually available. The
laptop/notebook electrical environment is more benign than
the desktop computer environment, as there is no provision for
using add-on boards that may inject unknown quantities of
noise into the system. ICS dot clock generators are not particu-
larly critical as to absolute supply voltage level, only to step
disturbances. A series resistor and bypass tantalum electrolytic
capacitor can be used to limit the rate of change in supply
voltage to a rate that can be handled by the phase-locked loop.
Two configurations are shown. Figure B is probably better
where the VGA controller presents steady-state frequency-se-
lect information to the dot clock generator. In applications
where the VGA controller presents frequency-select informa-
tion on a bus and strobes the dot clock generator when fre-
quency-select data is valid. Figure C is probably more
appropriate because the bus signals may overshoot and inject
noise through the input protection diodes.

Summary

ICS dot clock generators have revolutionized the personal
computer and workstation graphics function.The capability to
generate virtually any desired frequency at less cost than a
single crystal oscilator has expanded the versatility of today’s
graphics systems for the PC beyond where high end worksta-
tion performance was a few years ago. Size, PC board real
estate, and power requirements have shrunk to the point where
today’s laptop and notebook computers have graphics per-
formance nearly as good as desktop machines. Systems design
of a high-performance graphics system has been simplified so
that with a few design precautions outlined above high-per-
formance graphics can be implemented in any system.

Typical Power Supply

Configurations
+5V © ¢
;01 DVIDD
J___WF got CIo;:k
i enerator
+12V an AVDD
VSS, AVSS

R1 1D1 | C2
4.7VI.1uF

i1

FIGURE A
OPTIMUM DESKTOP POWER CIRCUITRY

10
DVDD
N . AVDD
BV o— W BEE

- = Dot Clock

22uF _J_~1HF Generator
VSS, AVSS

FIGURE B

LAPTOP/NOTEBOOK COMPUTER POWER CIRCUITS

J_ AVDD DvDD
T T Dot Clock
J_ 22uF _|_~1 uF | Generator

VSS, AVSS

11
FIGURE C

LAPTOP/NOTEBOOK COMPUTER POWER CIRCUITS
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Common VGA Board Layout Mistakes E
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Suggestions for a better layout:

A. Keep loop filter components (where required) close to dot clock generator and away from high speed DRAM circuitry.
B. Keep by-pass capacitor close to AVDD pin.

C. Move XTAL close to pins XTAL1 and XTAL2. Keep fast logic signals away from this area.

D. Move oscillator can up between RAM and dot clock passive components.

E. Break ground plane level to create unipotential ground connection for dot clock circuitry.
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Understanding ICS Data Sheet Jitter Specifications

Introduction

ICS clock generator devices utilize frequency synthesis based
on phase locked loop (PLL) technology. Unless carefully
designed, PLL-based clock generators are subject to excessive
period variation, or “jitter.” This applications brief will help
in the understanding of ICS jitter specifications.

In most processor and time keeping applications, an excess of
clock jitter does not affect operation. However, in other appli-
cations such as video, data acquisition or data recovery, clock
jitter characteristics can be an important system design consid-
eration. ICS is the most experienced manufacturer of video
and processor clock devices and has perfected PLL based clock
design. ICS produces clock devices exhibiting the lowest jitter
and the least susceptibility to power supply noise.

Understanding ICS Jitter
Specifications

Many of the ICS clock generator data sheets list output clock
jitter specifications in the AC Characteristics section. ICS
defines clock jitter as the difference in time of any given clock
period as compared to the mean clock period, which is defined
as 1/frequency. This can be expressed as time (psec) or as a
percentage of the clock period.

Jitter, Absolute is the maximum deviation that would be ex-
pected (plus or minus) from a mean clock period.

Jitter, 1 Sigma is similar to an average deviation that would be
expected (plus or minus).from a mean clock period. This
specification assumes that, statistically, a sample of clock cycle
periods follow a normal probability function, which indeed it
typically does. Jitter, I Sigma is the jitter value at one standard
deviation (one sigma) of the jitter measurement population.
This specification is useful in graphics applications.

How ICS Clock Jitter is Measured

ICS characterizes output clock jitter using a Stanford Research
SR620 Time Interval Analyzer. This instrument is set up to
take 10,000 clock period samples over a several second period,
therefore, random noncontiguous clock periods are sampled.
The measure data provided by the instrument is the typical
value listed in the data sheet (the SR620 provides both / Sigma
and Absolute measurements). The maximum value listed is
the worst case measurement expected over the output fre-
quency range, changes in operating conditions such as supply
voltage and temperature, and changes in the semiconductor
process.

ClckGenApRevA100594
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Clock Output Frequency Accuracy and Input Reference Topics

This application note addresses output frequency accuracy
of ICS Clock Synthesizers. Output frequency accuracy is
determined both by the programmable set size of the PLL
and input reference frequency accuracy. Input reference
circuits are also discussed, with emphasis on using a
discrete quartz crystal device.

Determining Your Frequency
Accuracy Needs

ICS clock synthesizer devices are used in a diversity of
applications all of which have different clock accuracy re-
quirements. For example, in VGA graphics applications, the
pixel clock frequency can easily tolerate an inaccuracy of
0.5% (5,000 ppm or part-per-million) or more since CRT
timing is uncritical. This is also true for the CPU and other
system clocks in motherboard applications, as long as maxi-
mum clock rates are not taken too literally. There are,
however, motherboard applications that must have greater
accuracy. Floppy disk drive control chips typically require a
24 MHz reference clock that is accurate to 0.1 % (1,000 ppm).
Modem and SCSI chips typically specify 0.002-0.005% (20-
50 ppm) accuracy. Clocks used on the motherboard for time
keeping purposes will create a 1 minute-per-month inaccuracy
for every 0.0023 % (23 ppm) deviation from ideal frequency.
Musical instrument synthesis demands highly accurate clocks
since even a small error can produce audible beating with
another instrument.

With improved clock frequency accuracy comes increased
component cost and design complexity. System clock
accuracy requirements should, therefore, be approached
realistically.

Clock Synthesizer Multiplication
Ratio Granularity

ICS frequency generator ICs use the common PLL (Phase-
Locked-Loop) technique for clock generation. Figure 1 shows
a simplified block diagram of a PLL based clock generator
which is applicable to all ICS clock generators. This approach
to clock generation uses an input reference frequency that is
multiplied by an integer ratio to obtain the desired output
frequency. Once the PLL is “in lock™ (typically, several
milli-seconds after power-up), the output frequency of the chip
is related to the reference frequency exactly by this pro-
grammed multiplication ratio.

f IN  (INPUT REFERENCE FREQUENCY)
(OUTPUT CLOCK FREQUENCY) foUT

commmon > G s veo |
”
E

Figure 1: Simplified Diagram of PLL-Based
Clock Generator Circuit

Referring to the PLL circuit in Figure 1.

Jour =ﬁ~% .

ANO3Rev030896
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Thus, a desired output frequency (the target frequency) may
not be hit exactly with a given reference frequency. The
size of the minimum frequency steps will be determined by
the devices N and M range. As an example, in the
AV9107, N can be assigned integer values from 2 to 128
and M from 2 to 32. Using a 14.31818 MHz reference, if
an output frequency of 50 MHz is desired, the closest
output frequencies achievable are 49.88 MHz (N/M =
108/31) or 50.11 MHz (N/M = 7/2). In general, the
AV9107 will have an approximate frequency error of
0.25% due to the programming granularity.

Some of the ICS clock synthesizer data sheets list both
target and actual frequencies of the device. The target
frequency is the typical value required for the intended
application. For example, for processor clock devices,
target frequencies are typically round numbers such as 20,
25, 33.3 or 50 MHz relating to the rated CPU speed.
However, because the typical processor clock IC uses a
14.31818 MHz reference frequency, these exact target
frequencies cannot be obtained within practical limits of N
and M values. (The reference frequency of 14.31818 MHz
is chosen because it is a common system clock frequency
and quartz crystals at this frequency are readily available.)
Furthermore, there is no reason for a processor clock to be
extremely accurate (although it should be stable with little
jitter and maintain a good duty cycle).

The actual frequency listed in the data sheet represents the
output frequency of the device as determined by multiplying
the ideal reference frequency of the device (exactly
14.31818 MHz) by the preprogrammed PLL ratio. Again,
the PLL ratio is programmed to obtain an actual frequency
as close to the target frequency as possible, within the
limitation of the device's N and M integer ranges.

INPUT REFERENCE CLOCKS

Again by nature of the PLL technique, there will be a direct
correlation between the accuracy of the input reference
frequency and that of the output frequency. A +0.1 %
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error in the reference frequency will result in a +0.1 %
error in the output frequency (deviation from actual
frequency where applicable).

When choosing a reference frequency generator, precision
is associated with cost. The most accurate and costly
reference is a crystal oscillator module. The more common
and less expensive approach is to use a discrete external
quartz device (most ICS clock chips have built in crystal
oscillator circuitry).

Any stable and continuous clock signal (within the specified
frequency range) can be used as a reference clock for ICS
clock chips. Special circuit considerations are advised
when a clock signal, such a system clock or crystal
oscillator module output, is used to drive an ICS clock
generator that contains an integrated crystal oscillator
circuit. Please refer to the device data sheet or contact ICS
Applications Engineering.

Use of the Crystal Oscillator Module

A crystal oscillator module is a hybrid device that contains
a quartz crystal, an oscillator circuit and an output buffer
for the clock output. Since the internal circuit is trimmed
during manufacturing, very good frequency accuracy and
stability are achieved. These devices commonly yield
accuracy's of +\- 20 ppm and exhibit excellent stability
over time, temperature, and power supply voltage. The
device requires a power supply and typically outputs a
CMOS TTL-compatible output clock signal.

Use of the Discrete Quartz Crystal
Device

Most ICS frequency generators contain an integral crystal
oscillator circuit. With such devices, an external quartz
crystal is connected between two specified device pins.
This forms a complete parallel-resonant crystal oscillator
circuit (also known as a Pierce oscillator). In most cases
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the only external component required is the quartz crystal,
since the required load capacitors and feedback resistor are
integrated onto the chip as well. The complete oscillator
circuit is shown in Figure 2. With careful design, accuracy
to within +/- 100 ppm can be achieved.

I CRYSTAL OSCILLATOR I
- CIRCUNRY -

XTAL

[[]

1L
f PLL
i AN gErERENCE
i
| T {>‘}

CLOCK GENERATOR CHIP

Figure 2
ICS Clock Generator
Crystal Oscillator Circuit

Quartz crystal devices can be specified by the crystal
manufacturer for either series or parallel resonant operation.
All ICS clock generator devices use parallel resonant
operation, sometime referred to as "parallel mode".
Parallel resonant crystals specify a load capacitance value
which must be observed to ensure an accurate oscillation
frequency.

Table 1 lists the load capacitance applied to the external
crystal by various ICS clock generators. This is the total
measured load capacitance which accounts for stray
capacitance in the device package and printed circuit traces
(short lead length used).

The load capacitance on the crystal can be increased by
applying external load capacitors as shown in Figure 3.
This is useful when the crystal's specified load capacitance
is above that provided the provided by the clock generator.
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This is also used when no internal load capacitors are
provided (refer to device data sheet).

ICS DEVICE LOAD CAPACITANCE |
TO CRYSTAL
AV9107 12 pf
AV9110 12 pf
AV9128 12 pf
AV9129 12 pf
AV9154 12 pf
AV9155 12pf
ICS1494 15 pf
1CS1562 11 pf
ICS1567 15 pf
ICS1694 15 pf
1CS2407 15 pf
152409 15 pf
1CS2439 15 pf
1CS2494 15 pf
1CS2595 15 pf
1CS2655 15 pf
1CS5300 12 pf
1CS9132 7.5pf
Table 1

ICS Clock Generator
Capacitive Load to Crystal
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XTAL

CLOCK GENERATOR
CHIP

Figure 3
Connection of External
Load Capacitors
to Clock Generator Chip

The load presented to the crystal in Figure 3 is

Cu Gy

C, =——"——=.
YCutC,

Cp 1 and Cf 5 should be equivalent values.

Calculating Crystal Oscillation
Frequency Accuracy

When a quartz crystal is operated in a series resonant
oscillator, the crystal oscillates at it's series resonant
frequency determined by Lj; and Cpq (the crystal's
motional inductance and capacitance) as shown in Figure 4.
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Figure 4
Electrical Model of Quartz Crystal

In a parallel resonant crystal oscillator circuit, such as used
in ICS clock synthesizer devices, an LC tank circuit is
created as illustrated in Figure 5. Cgpp is the lump
capacitance consisting of Cpq, Cp, and external Cj :

_(c,+c)ec,,
BET(C, +C)+C,

The resonant frequency can then be calculated as:

1
oo = Lo

The resistance Rg in the crystal has no effect on resonance
frequency. However, the active circuitry of the oscillator,
represented by the inverter in Figure 5, must have enough
"negative resistance” to overcome the loss imposed by Rg.
This allows the LS tank voltage amplitude to increase and
maintain a full oscillation voltage swing. Most crystal
manufactures recommend a negative resistance magnitude of
at least five times the Rg (or ESR) value to ensure oscillator
start up; ICS crystal oscillator circuits have a negative
resistance magnitude above 250 ohms.
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Figure 5
Electrical Model of Parallel Resonant
Quartz Crystal Oscillator Circuit

The paralle]l resonant frequency of the crystal oscillator is
higher than the series resonant frequency of the crystal.
The fractional frequency "pulling" or the fractional amount
that the parallel resonant frequency will be above the series
resonate frequency can be calculated as

CM
2 C

P_

If we know fg, the series resonant frequency of the crystal,
we can then calculate fp, the parallel resonant frequency as

fr =1 +P)f;.

Let's take the example of a series 14.31818 MHz crystal
used with the AV9155. A typical value of Cpy is 20x10-15
farad (the crystal manufacturer can give you this
information). From Table 1, we find that Cy presented by
the AV9155 is 12 pf. In this case, P is calculated to be
0.0008333 and fp is calculated to be 14.33011 MHz which
is 833 ppm (parts per million) above the series resonant
frequency.

We can also use the above equations to determine
oscillation error caused by total C_ error. In the example
of using the AV9155 where typical circuit Cy_ is 12 pf, if
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we assume that total Cp variation can be +/- 3 pf, then
oscillation frequency error will be from -166.7 ppm to
+277.8 ppm. Even if assuming that external circuit
capacitance can be controlled, just considering the variation
of the AV9155's internal load capacitors, which vary -/-
10% or +/- 1 pf, would account for a oscillation frequency
error of -166 ppm to +75 ppm. Remember that oscillator
error due to C_ deviation is in addition to other errors such
as the rated crystal frequency tolerance and the effects of
crystal temperature and aging (consult the crystal's data
sheet).

Crystal Power Dissipation

Crystal manufactures typically specify a suggested crystal
power dissipation range. This is the range within which the
crystal's temperature will not rise to the point of causing
excessive oscillation frequency drift. Maximum crystal
power dissipation is also typically listed. Well above the
suggested dissipation range, this is the limit above which
crystal damage can occur (it will stop working), over a
period of time.

Most through-hole mount crystals specify a suggested
power dissipation of about 1 mW, well suited for ICS clock
generators. This is also true for the standard larger-sized
surface mount crystals.

Problems can arise with some smaller types of surface
mount crystals. A typical 14.318 MHz surface mount
crystal used with an ICS clock generator will dissipate
about 200 to 500 micro watts, depending on which clock
generator is used. Maximum crystal power ratings of only
100 micro watts or lower are not uncommon, however most
crystal manufactures will admit that this figure can be
exceeded by 5-10 times. For maximum power dissipation it
is best to consult directly with the crystal manufacturer.

Calculating Crystal Power Dissipation

Power dissipation within the quartz crystal is caused by
oscillation current flowing through the crystal's effective
series resistance, shown as Rg in Figure 4. This is
commonly listed as 'ESR' (Effective Series Resistance) in
the crystal data sheet. Power dissipation can be calculated
as
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B, =ILc2Rs»

where I ¢ is the oscillation current in the LC tank circuit
shown in Figure 5. It is difficult to measure I ¢ during
oscillation, therefore we measure differential voltage across
the crystal and make the following substitution:

Vi

2
Poss = (TZL—T) Ry
XTAL

Where VxTal is the RMS voltage across the crystal.

Z, 14, consists of both the reactance of the inductor shown

in Figure 5 and resistance Rg not shown. However, at
oscillation the inductive reactive is much larger than Rg and
so the contribution of Rg to ZyTay can be ignored.
Therefore we can make the approximation that

Substituting in the earlier equation we get

2
v,
P, | HTAL | R

By definition of a resonant circuit, the reactance's of the
crystal's inductance and the external load capacitance are
equal. This can be stated as

Again through substitution we now get

Py =(Vipy, .O)CL)ZRS

or
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~

\/5 2
P,z (TVPK *2nfC, | R,

where f'is the frequency of oscillation and Vpg is the peak
voltage across the crystal. Our final simplified equation is
now

P, =(1414 eV, enfC,)’R,.

Using the final equation it is easy to calculate approximate
power dissipation with readily obtainable values. Vpg can
be measured with a high speed differential oscilloscope (low
capacitance probes must be used), or the curves of Figures
6 or 7 can be used for the following list of devices:
AV9107, AV9110, AV9128, AV9129, AV9154, AV9155.

As an example, lets say that we are operating an AV9155
with a VDD of 5 volts using a 14.318 MHz crystal with an
Rg (or ESR) rating of 35 ohms. From Table 1 we find that
CL = 12 pf and from Figure 6 we find that Vpg = 2.5
volts. Substituting values in the final equation above we
determine that crystal power dissipation is approximately
127 micro-watts.
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R
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Figure 6
Peak Voltage Across Crystal
With VDD = 5.0 Volts
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Frequency (MH2)

Figure 7
Peak Voltage Across Crystal
With VDD = 3.0 Volts
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Clock Reference Guidelines for ICS Clock Generators

Most ICS Clock Generator ICs are designed to use an external
quartz crystal to establish the needed reference frequency. This
application note discusses crystal selection and use. Occasion-
ally, it is desirable to instead use an external clock reference;
design considerations for this approach are also discussed.

ICS Crystal Oscillator Circuitry

Figure 1 shows a schematic of the ICS crystal oscillator cir-
cuitry. Combined with the external crystal, this implements a
Pierce oscillator circuit. Figure 2 shows the oscillator inverter
circuit in further detail. This inverter is unlike the CMOS
inverter commonly used by other clock generator devices. The
advantage of the ICS inverter is that it provides higher circuit
gain, which guarantees crystal start-up and provides a wider
frequency range. It also provides a TTL level input threshold
voltage at pin X1 (approximately 1.4 volts), which provides
compatibility with an external TTL reference clock. Typically
duty cycle of REFOUT is 43% (High)/57% (Low) when a
14.318 MHz crystal is used.

14.318 MHz
X1 X2
l ﬂ‘V|Q Buffer
‘VV‘V‘V
I Tei toz |

I —>—

]»—» REFOUT
To PLL/VCO Circuitry

| Crystal Oscillator Circuit |

ICS Clock Generator IC

Figure 1
Simplified Schematic of
ICS Crystal Oscillator Circuitry

Guidelines for Crystal Selection

The ICS crystal oscillator circuitry operates the crystal in
parallel-resonant mode. Although most oscillator circuits are
designed to use parallel-resonant crystals, the least expensive
crystals are series-resonant devices. Using a series-resonant
crystal with an ICS clock generator will give excellent results
but will usually result in reference frequency that is about 0.1%
too fast. Normally, this error is not significant for most CPU
or graphics applications.

If a higher clock accuracy is required, then a parallel-resonant
crystal must be used; a load capacitance value of 10-20pf
should be specified when ordering the crystal.

To further improve clock frequency accuracy, an external
capacitor can be connected between pin X1 and ground. The
capacitance value is typically between 10 and 20pf. The actual
value will vary depending on the crystal manufacturer and is
found experimentally, using the crystal type intended for vol-
ume production.

VDD

@ 4mA nominal
I

—

Figure 2
ICS Crystal Oscillator Inverter Schematic
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Guidelines for Using an External
Reference Clock

The recommended method of driving an ICS clock generator
with an external clock is shown in Figure 3, along with the
resulting waveforms. The positive-going ramp of the X2 out-
put is caused by the charging of capacitor C2 by the current
source when the N-channel FET is off (refer to Figure 2). Vg,
the input threshold of the REFOUT buffer, is approximately
1.4 volts. External resistor R1 aids the inverter’s current source
in charging C2 and accordingly improves the duty cycle of
REFOUT.

The use of an appropriate R1 value will result in a near 50%
duty cycle from REFOUT. This also ensures reliable opera-
tion of the VCO/PLL circuitry and further maintains good
clock jitter performance, which can be degraded by poor
duty cycle.

External
Clock — VDD
Source External
R1 g
Resistor
1-2kQ
x1Y o :
r 12/&0 : B'Lifer
1 AMA 1 P»REFOUT
| c1i vy icz i g
1

To PLL/VCO Circuitry «€—

ICS Clock Generator IC

Figure 3
Driving an ICS Clock Generator
with an External Clock

The guidelines for R1 value selection are as follows:

1. If reference clock duty cycle is greater than 50% (high
time), R1 should be between 1 and 2 kohm. Actual value
should be determined experimentally; the value should be
adjusted for nominal duty cycle of 50% from REFOUT. An
R1 value of 1 kohm should cover most instances.

2. If reference clock duty cycle is less than 50% (high time),
R1 may still be used but is not required. For example,
REFOUT from one ICS clock generator (duty cycle 43%)
can drive X1 of a second ICS clock generator without the
use of R1.

X1

X2

REFOUT

Figure 4
Waveforms of Figure 3
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ICS
Motherboard Timing Generator
Products

In this latest issue of the ICS Data Book, ICS continues to lead the market by offering
the industry’s widest selection of advanced motherboard and CPU clock generators
found anywhere. New products include designs to address a wide variety of uses,
including disk drive, modem, advanced Pentium and PowerPC clocking applica-
tions. This is all in addition to the widest choice of advanced desktop and laptop
motherboard and CPU systems clock generators in the industry.

As a market-oriented company, ICS designs products with and for you, our
customers, and we welcome inquiries concerning new product ideas for any of the
above applications.




ICS Timing Generator Selection Guide
Motherboard Clock Products

Number |Number
Product ICS of of Package
Application | Device Type Description Outputs | PLL’s Types Page
ICS2407 IMI407, IMI409 and IMI439 6 2 18-Pin DIP, SOIC| C-3
I1CS2409 Compatible. 9 2 24-Pin DIP, SSOP
1CS2419 10 2 24-Pin DIP, SSOP
1CS2439 9 2 24-Pin DIP, SSOP
1CS2492 Buffered XTAL Out. 3 2 20-Pin C-11
Tristate PLL Outputs. DIP, SOIC
1CS2494-244 | Buffered XTAL Out. Note: See Video 3 2 20-Pin B-11
ICS2494A-317 Dot Clock Section for Data. DIP, SOIC
Motherboard - .
1CS2694 9 Fixed, CPU-CPU/2 Selectable Provides 11 2 24-Pin C-17
CPU, Co-Processor, Hard and Floppy DIP, SOIC
Disk, Kbd, Ser. Port, Bus Clk. Function.
AV9107C CPU Clock Generator. 2 1 8 or 14-Pin C-23
DIP, SOIC
1CS9108 3 Volt CPU Clock Generator. 2 1 8 or 14-Pin C-29
DIP, SOIC
Audio 1CS9120-08 3 Volt Multimedia Audio 4 1 8-Pin C-35
Synthesis 1CS9120-09 Synthesizer Clock Generator. SOIC
ICS9131 32 kHz Input Generates CPU Clocks. 3 2 16-Pin C-41
DIP, PDIP
Notebook ICS9133X | 32 kHz Input Generates CPU Clock and | 6 3 20-Pin C-49
System Clock and Two Fixed Clocks. SOIC, PDIP
Sub-Notebook | ICS9134-06 | 32 kHz Motherboard Frequency Generator. 6 3 16-Pin C-55
ICS9134-07 Generated CPU, Reference and SOIC
One Fixed Clock.
Pentium and AVI9154A Low Cost 16-Pin Clock Generator. 7 2 16-Pin C-61
Green PC Generates CPU Clock, Keyboard Clock, DIP, SOIC
Systems System Clock and I/0 Clock.
Laptop/ AV9154-06 Clock Generator for OPTi Chip Set. 5 2 16-Pin C-71
Notebook AV9154A-60 SOIC
AV9155A Motherboard Clock Generator. 8 2 20-Pin C-711
Motherboard Produces CPU Clock, Keyboard Clock, DIP, SOIC
System Clock and I/0 Clock.
Desktop/Notebook| ICS9158 Clock Generator with Integrated Buffers. 11 24-Pin SOIC C-89
Pentium Systems | 1CS9159-02 Clock Generator for Pentium Systems. 14 2 28-Pin SOIC | C-95
1CS9160-03 Clock Generator for PowerPC 15 2 32-Pin SOIC | C-99
PowerPC 603 Systems.
Systems -
1CS9178-02 Clock Generator for PowerPC 14 1 44-Pin PQFP | C-103
601/601 + Systems.

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 contain 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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1CS2407
1CS2409
1ICS2419
1ICS2439

Dual-PLL Motherboard Frequency Generator

Description

This ICS family of motherboard frequency generators all stem
from the same basic design. They are dual-PLL (phase-locked
loop) clock generators specifically designed for motherboard
applications. Metal layer and assembly options are used to
generate the three separate device types in order to optimize
the functionality for specific applications. All frequencies are
synthesized from a single reference clock which may be
generated by the on-chip crystal oscillator or an external
reference clock.

The CPU clock PLL is ROM-programmed to generate any of
seven customer specified frequencies through selection of the
address lines SCLKO0-SCLK2. In the ICS2409, ICS2419 and
ICS2439 versions the SCLK3 input selects those frequencies
directly or divided by two for the CPUX2 output. The CPUX2
output is then divided by two to generate the CPUCLK output.
A power-down mode may be selected with the SCLK inputs
to reduce standby current consumption to a few microamperes.

The auxiliary (AUX) PLL generates the fixed frequencies
shown in Table 1 for other system uses. A buffered reference
frequency output is available on the REFOUT pin. Two
non-dedicated buffers are provided on the ICS2409, ICS2419
and ICS2439 for additional drive capability without adding
external buffers and their board space.

Features

e Supports 286, 386, & 486 desktop and notebook mother-
board designs

e  Advanced ICS monolithic phase-locked loop technology
for low short-term and ‘‘cumulative” jitter

e  Completely integrated - no external loop filter capacitors
required

e Dual-modulus prescaler permits high-speed operation

with no sacrifice in accuracy

Power-down mode for low standby power consumption

Low-skew between CPUX2 and CPUCLK outputs

(<1lnsec)

e 3-volt supply capability to 85 MHz (CPUX2 output)
Output enable (OE") pin for tristate of device outputs
ICS2409, ICS2419 and ICS2439 offer 24-pin PDIP
(0.3") and 24-pin SSOP (5.3mm) package options

o ICS2407 offers 18-pin PDIP (0.3") and 18-pin SOIC
(0.3") package options

1€S2407 Simplified Block Diagram

SCLKO
SCLK1 ROM
SCLK2

XTALY Crystal R
XTAL2 Oscllator [T > REFOUTY
Reference
Divider REFOUT2
> cruxz
CPUCLK

2407/09/19/39RevB0223984
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1CS2409 Simplified Block Diagram
XTAL1 Crystal

XTAL2 Oscillator
AN
Reference - REFOUT
Divider
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 7.1590MHZ

: Fms;-cy 9 Charge vco
Icomparator 9 Pump )

CPUPLL

— AUX PLL (as above)
SCLKO
SCLK1 ROM
SCLK2
B1_IN l|>
B2_IN N

1CS2419 Simplified Block Diagram

Crystal Reference

gﬁg Oscilator [7|  Divider D > REFOUT
e e - SCLK23
] Prase | S MUX
i Frequency rge veo H
i Lomparator -—) Pump : 4 cPUX2

AUX PLL (as above)

SCLKO
SCLK1 ROM
SCLK2

BI_IN

B2_IN




1CS2407
1CS2409
1ICS2419
1CS2439

XTAL1
XTAL2

SCLKO
SCLK1
SCLK2

BI_IN

B2_IN

1CS2439 Simplified Block Diagram

Crystal
Oscillator
AN
Reference - REFOUT
Divider
g._ - 00 s smemome os 2o ou oo semsens [T .1; scLKa
i Phase- e o 2 MUX
Frequenc; rge vco :
mparator > Pump —) H CPUX2

CPUCLK

N
> B1_OUT

AN
> B2_0UT
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1CS2407
1CS2409
1CS2419
1CS2439

Circuit Function and Application

Fixed Frequencies

The ICS motherboard family supplies “fixed” frequencies nor-
mally used to provide several system functions:

32 MHz - ISA Bus Clock

24 MHz - Floppy Drives

16 MHz - AT Bus Clock Output

12 MHz - Keyboard Clock

7.149 MHz - Keyboard Clock

Selectable CPU Clock Frequencies

The ICS2407, ICS2409, ICS2419 and 1CS2439 are designed
to generate CPU clock options ranging from 24 MHz, to
88 MHz. For added flexibility, the ICS2409, ICS2419 and
I1CS2439 allow the user to select each of these frequencies
divided by 2.

Buffered Output Pins

In addition, the ICS2409, ICS2419 and ICS2439 provide 2
non-dedicated buffers for additional flexibility. This allows for
extra drive capability without sacrificing the extra board space
required for external buffers.

Buffered XTALOUT

In motherboard applications it may be desirable to have the
1CS2439 provide the bus clock for the rest of the system. This
eliminates the need for an additional 14.31818 MHz crystal
oscillator on the system, saving money as well as board space.
Depending on the load, it may be judicious to buffer REFOUT
when using it to provide the system clock. On the ICS2407,
there are two identical outputs, REFOUT1 and REFOUT2.

Power-Down Mode

All three devices have been optimized for use in battery operated
portables. It can be placed in a power-down mode which drops its
supply current requirement below 1pA(typical).

Pin Description

Input Pins

Frequency Reference

The internal reference oscillator contains all of the passive
components required. An appropriate crystal should be con-
nected between XTAL1 (1) and XTAL2 (2). In IBM compatible
applications this will typically be a 14.31818 MHz crystal.

Digital Inputs

SCLKO, SCLK1, SCLK2 and SCLK3 (ICS2409, ICS2419 and
I1CS2439 only) are the TTL compatible frequency select inputs
for the binary code corresponding to the desired frequency. All
select pins have internal pull-up devices built in (See Table 2
for a complete list of available frequencies).

Buffer Inputs (ICS2409, ICS2419 & I1CS2439)
B1_IN and B2_IN (3, 7) provide additional buffering needed
on a typical board design without the added cost of external
components.

Output Enable

An output enable pin OE~allows the user to tristate the device
outputs. When this pin is high, all outputs are in tristate mode.
When low, all outputs are enabled. This pin has an internal
pull-down to enable all outputs when the pin is N/C.

1CS2407 Pinout 1CS2409 Pinout 1CS2439 Pinout 1CS2419 Pinout

1| xmau REFOUT1 | 18 1| xrAut REFOUT | 24 1| xAut REFOUT | 24 v [Txan nEFouT | 24

2 | xta vop |17 2 | xraz B1_OUT | 23 2 | xma B1_0UT | 23 2 | xraz s1out | 2

3| vss Ne | 16 3 | BN vop | 22 3| BN oo | 22 3| B voo | 22

4 | ReFout2 16MHZ | 15 4| vss ne | 21 4| vss Ne | 2t 4| vss ne | 21
5 | scko 24MHZ | 14 5 | 7150MHZ 18MHz | 20 s | 1emHz 16MHZ | 20

| 5 | temHz 16MHZ | 20

6 | ne vss | 18 6 | scLko 24MHZ | 19 6 | sciko 24MHzZ | 19 s | sowxo 2amriz | 19

7 | oo cPuxz | 12 7 | ean s2MHz | 18 7| BN RESERVED | 18 ™ sz | 18

8 | scukt soLkz [ 11 s [ ne B2_OUT | 17 8 | ne B2.0UT | 17 s | we s out | 17

9 | cpuck oe- | 10 9 | voo vss | 16 9 | voo vss | 16 o | oo vss | 16

10 | ScLki cpuxe | 15 10 | sowi cpuxz | 15 10 | soukt cpuxz | 15

18-Pin PDIP or SOIC 1 | scxe scLkz | 14 1 | soks sclkz | 14 1w | soxs souke | 1a

K.4’ K-7 12 | CPUCLK oE- | 13 12 | CPUCLK oe- | 18 2 | cpucik oe-| 13

24-Pin PDIP or SSOP 24-Pin PDIP or SSOP

K-5, K-9

24-Pin PDIP or SSOP

K-, K-9 K-5, K-9




1CS2407

1CS2409
1CS2419
1CS2439
Absolute Maximum Ratings

Supply Voltage . . ........... A% ) » S -0.5Vto +7V

Input Voltage .............. VIN....... -0.5V to Vpp + 0.5V

Output Voltage ............. VouT ........... -0.5V to Vpp + 0.5V

Clamp Diode Current . . ...... Vik&Iok ....... +30mA

Output Current per Pin ... .. .. Iour ............ +50mA

Operating Temperature. . . . . . . To........ooit 0°C to 70° C

Storage temperature . . ....... P -85°C to 150°

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 themaximum rated voltages. For proper operation it is recommended that Vin and Vout be constrained
to >=Vss and <=Vpp.

DC Characteristics at 5 Volts Vpp

(0°C to +70°C)
PARAMETER SYMBOL |CONDITIONS MIN MAX UNITS
Operating Voltage Range VbD 45 5.5 v
Input Low Voltage VL Vpp=5V Vss 0.8 \Y%
Input High Voltage Vi Vpp=5V 2.0 VpD v
Input Leakage Current Jlict VIN=VDD - 10 LA
Output Low Voltage VoL IoL=1.20mA - 0.4 v
Output High Voltage Von Ion=1.20mA 24 0 A%
Supply Current Ipp VCLK=40MHz - 40 mA
Supply Current IpD VCLK=88MHz - 50 mA
Internal Pull-up Current Rup Vin=0.0V 30 100 HA
Internal Pull-down Current RpowN VIN=0.0V 30 100 LA
Input Pin Capacitance Cin Fc=1MHz - 8 pF
Output Pin Capacitance Cout Fc=1MHz - 12 pF
Power-down Supply Currrent IpN Vpp=3.3V - 1 HA

C-7



1CS2407
1CS2409
1CS2419
1ICS2439

DC Characteristics at 3.3 Volts VpD

(0°C to +70°C)
PARAMETER SYMBOL CONDITIONS MIN J MAX UNITS
Operating Voltage Range Vbp 3.0 ‘ 3.6 v
Input Low Voltage ViL Vpp=3.3V Vss [ 0.8 v
Input High Voltage ViH Vpp=3.3V 2.0 ] VbD v
Input Leakage Current In VIN=VDD l - 10 UA
Output Low Voltage VoL IoL=8.0mA f - 0.4 v
Output High Voltage VoH Ion=8.0mA | 2.4 0 v
Supply Current Ipp CPUX2=40MHz J - r 35 mA
Supply Current Ipp CPUX2=88MHz - 25 mA
Internal Pull-up Current Rup Vin=0.0V 20 70 A
Internal Pull-down Current RpownN r Vin=0.0V 20 70 1.
Input Pin Capacitance CIN W Fc=1MHz - 8 pF
Output Pin Capacitance Cout Fc=1MHz - 12 pF
Power-down Supply Currrent IpN Vpp=3.3V - 1 UA

AC Timing Characteristics

The following notes apply to all of the parameters presented in this section.
1. REFCLK = 14.31818 MHz

2. te=1/fc

3. All units are in nanoseconds (ns)

4. Rise and fall time between .8 and 2.0 VDX unless otherwise stated.

5. Output pin loading = 15pF

6. Duty cycle measured at Vpp/2 unless otherwise stated.

SYMBOL ' PARAMETER MIN MAX —r NOTES
OUTPUT TIMING @5v
Tr Rise Time - 2
Tf Fall Time - 2
- Frequency Error - 0.5 %o
Tak Clock Skew (CPUCLK & CPUX2) - 1.0 nSec
- Duty Cycle 45 55 %
- Output Enable to Tristate - 15 nSec
(into and out of) time
OUTPUT TIMING @3.3v
Tr Rise Time - 3
Tf Fall Time - 3
- Frequency Error - 0.5 %
Tak Clock Skew (CPUCLK & CPUX2) - 1.5 nSec
- Duty Cycle 45 55 %
- Output Enable to Tristate - 20 nSec
(into and out of) time




1CS2407

1CS2409
1CS2419
1CS2439
Table 1: Fixed Output Frequencies

ICS2439 ICS2419 1CS2409 1CS2407

24 MHz 32 MHz 32 MHz 24 MHz

16 MHz 24 MHz 24 MHz 16 MHz

12 MHz 16 MHz 16 MHz

12 MHz 7.159 MHz

Table 2: CPU Clock Frequency Selection

1CS2439 1CS2419 1CS2409 1CS2407

SCLK3 SCLK2 SCLK1 SCLKO | pattern 001 | Pattern 001 | Pattern409 | Pattern 407

0 0 0 0 12 MHz 12 MHz 12 MHz 12 MHz

0 0 0 1 16 16 16 16

0 0 1 0 20 20 20 20

0 0 1 1 25 25 25 25

0 1 0 0 33.33 3333 33.33 3333

0 1 0 1 40 40 40 40

0 1 1 0 30 30 44 44

0 1 1 1 Power-down | Power-down | Power-down | Power-down

1 0 0 0 24 24 24

1 0 0 1 32 32 32

1 0 1 0 40 40 40

1 0 1 1 50 50 50

1 1 0 0 66.66 66.66 66.66

1 1 0 1 80 80 80

1 1 1 0 60 60 88

1 1 1 1 TEST TEST TEST

Ordering Information

1CS2407-XXXN, 1CS2407-XXXM; 1CS2409-XXXN, ICS2409-XXXF
1ICS2419-XXXN, 1CS2419-XXXF; 1CS2439-XXXN, ICS2439-XXXF

Example:

ICS XXXX-XXX M

Package Type
N=DIP (Plastic) F=SSOP
M=SOIC (SOP)
Pattern Number (2 or 3 digit number for parts with ROM code patterns)

Device Type (consists of 3 or 4 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device

PRODUCT PREVIEW documents contain information on products in the formative or design
phase of Ci data and other sp are design goals ICS
reserves the right to change or discontinue these products without notice

C-9
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Integrated
Circuit
Systems, Inc.

1CS2492

CPU Clock Generator

Description

The ICS2492 CPU Clock Generator is an integrated circuit
dual phase locked loop frequency synthesizer capable of gen-
erating 16 CPU frequencies and two other clock frequencies
for use with high performance personal computer mother-
boards. Utilizing CMOS technology to implement all linear,
digital and memory functions, the ICS2492 provides a low-
power, small footprint, low-cost solution to the generation of
CPU clocks. 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.

The ICS2492 is fully pin and function compatible with ICS’s
industry-standard ICS2494 dual clock generator except that an
output enable function has been added to pin 11. A pre-pro-
grammed version with a full selection of CPU clocks is avail-
able as part number 1CS2492-453. The frequencies in this
pattern are essentially identical to those in the ICS2494-244
standard pattern.

Features

e Low cost - eliminates need for multiple crystal clock
oscillators in motherboard applications

Mask-programmable frequencies

Pre-programmed versions for a selection of CPU clocks
Glitch-free frequency transitions

Provision for external frequency input

Internal clock remains locked when the external
frequency input is selected

Low power CMOS device technology
Small footprint - 20-pin DIP or SOIC
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

Output Enable function for tristate control of the two clock
outputs.

Pin Configuration

XTAL1 — 1 ~ 20 |- DVDD
XTAL2 — 2 19 |- CPUCLK
EXTFREQ — 3 18 = XTALOUT
FSO — 4 17 - VSS
FS1 - 5 16 - VSS
STROBE — 6 15 I~ AVDD
FS2 — 7 14 - VSS
FS3 — 8 13 |~ DVDD
MSO — 9 12 - BCLK
VSS — 10 11 - OUTEN

20-Pin DIP or SOIC
K-4, K-7

Notes:

1. In applications where the external frequency input is not specified,
EXTFREQ must be tied to Vss.

2. ICS2492M(SOIC) pinout is identical to ICS2492N(DIP).

1CS2492RevA100694
C-11



1CS2492

Circuit and Application Options

The ICS2492 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.

The ICS2492 is capable of multiplexing an externally gener-
ated frequency source of VCLK via a mask option, in addition
to its internally-generated clock.

This is input via EXTFREQ (3). When an external source is
selected, the PLL remains locked to the value specified in the
selected address. This provision facilitates the ability to rapidly
change frequencies. When this option is not specified in the
ROM pattern, pin 3 is internally tied to Vss and should be
connected to Vss on the PCB.

Power Supply Conditioning

The ICS2492 is a member of the second generation of dot clock
products. By incorporating the loop filter on chip and upgrad-
ing 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. How-
ever, 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 component; however, the cost of the
discretes used in Figure 2 is 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 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 has
minimized the effect of packaging and has minimized the
interaction of the digital and analog supply currents.

22
VW0 5.0V
ce

1=
1 ee
I;_l 20 b
g 19 o VCLK
< 8 O XTALOUT
FSO o 4 17
FS10 I
STROBE © & & B
FS2 o 7 o 14
FS3 0 8 L3
MSO o 2 12 O MCLK
10 11 O MS1
Figure 1
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Applications

Layout Considerations

Utilizing the ICS2492 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 ICS2492 do not share its ground. In applica-
tions 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
B e
Ct
1
I 1 20 =
= 12 0 VCLK
3 18 o XTALOUT
FSO o 4 17
FSto 2lics24 [
STROBE o 6 15 ¥
FS2 o 7 14 Iee
FS3 © 8 13 I
MSO © 9 12 0 MCLK
10 11 o MS1
Frequency Reference

The internal reference oscillator contains all of the passive
components required. An appropriate 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 ICS2492. 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 (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 susceptibility. This
input is internally biased at Vppy 2. Since TTL compatible
clocks typically exhibit a Vou of 3.5V, capacitively coupling
the input restores noise immunity.

The ICS2492 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
ICS2492 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 EMI.
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 ICS2492 outputs have been designed to mini-
mize 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 Ferrox-
cube 56-590-65/4B or equivalent. This device should be placed
physically close to the ICS2492. 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 EMIL.

External Frequency Sources

EXTFREQ (3) on versions so equipped by the programming,
is an input to a digital multiplexer. When this input is enabled,
signals driving the input will appear at VCLK (19) instead of
the PLL output. Internally, the PLL will remain in lock at the
frequency selected by the ROM code.

Digital Inputs

FS0 (4), FS1 (5), FS2 (7), and FS3 (8), are the TTL compat-
ible 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) and MS1 (11) are the correspond-
ing memory select inputs and are not strobed.

C-13
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Absolute Maximum Ratings

Supply Voltage . . . ... .. A% 1) » -0.5V to +7V

Input Voltage . . . . ... .. VIN . . ..o -0.5V to Vpp+0.5V
Output Voltage . . . ... .. Vour . ... .... -0.5V to VDD+0.5V
Clamp Diode Current . . .. VIk&Iok ... .. +/ -30mA

Output Current perPin . . . . Iour ........ +/ -50mA

Operating Temperature . . . . To . . ... .. ... 0°C to 70°C
Storage Temperature . . . . . Ts ......... -85 °C to +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 VouT be constrained
to >= Vss and <=VDp.

DC Characteristics (0°C to 70°C)

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS
Operating Voltage Range VDD 4.0 5.5 \
Input Low Voltage ViL Vbp =5V Vss 0.8 v
Input High Voltage ViH Vpp =5V 2.0 VDD \
Input Leakage Current I VIN = Ve - 10 uA
Output Low Voltage VoL IoL =4.0 mA - 04 \
Output High Voltage Vou Ion =4.0 mA 24 - \i
Supply Current Ipp Vpp =5V, VCLK = 80 MHz - 27 mA
Internal Pull-up Resistors Rup * Vdd =5V, Vin=0V 50 200 k ohm
Input Pin Capacitance Cin Fc=1MHz - 8 pf
Output Pin Capacitance Cout Fc=1MHz - 12 pf

* The following inputs have pull-ups: FS0-3, MS0-1, STROBE.
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AC Timing Characteristics

The following notes apply to all parameters presented in this section:

1. Xtal Frequency = 14.31818 MHz
2.Tc=1/Fc

3. All units are in nanoseconds (ns).

4. Rise and fall time is between 0.8 and 2.0 VDC.
5. Output pin loading = 25pF

6. Duty cycle is measured at 1.4V.

7. Supply Voltage Range =4.0to 5.5 Volts

8. Temperature Range = 0 °C to 70 °C

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 - 3 Duty Cycle 40% min. to
Tf Fall Time - 3 60% max.
- Frequency Error 0.5 %
- Maximum Frequency 135 MHz
- Propagation Delay for - 15 ns
Pass Through Frequency

= Tew —

STROBE /

FSO-FS3

— Tsu

Figure 3

—— Thd —
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ICS2492 Pattern Request Form

In addition to the pattern below, custom patterns are also available, although a significant volume commitment and/or one-time
mask charge will apply. Contact ICS sales for details.

1CS2492-
ICS Custom Custom pattern #1 reference frequency =
Part Number 1CS2492-453 Pattern #1
Addr(t;;sf)S}O Fr&(}[lg;i)c ¥ Application Fr&(};g;)c y The standard frequency shown has been speci-
& fied by and is supported by the respective VGA
0 20 286-10 manufacturer.
1 24 -12 The standard pattern shown above uses
> 32 386-16 __MHz as the input reference frequency.
Order Information: ICS2492M-XXX or
3 40 -20 ICS2492N-XXX (XXX=Pattern number)
4 50 -25
5 66.6 -33
6 80 -40
7 100 -50
8 54 TURBO-27
9 70 -35
0 90 -45
B 110 -55
C 25 486-25
D 333 -33
E 40 -40
F 50 -50
Address MSO Frequency Application Frequency
(Hex) (MHz) (MHz)
0 16 AT-BUS
1 24 FDC

Ordering Information

ICS2492N-XXX or 1CS2492M-XXX

Example:

ICS XXXX N -XXX

[—

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Package Type

N=DIP (Plastic)
M=SOIC

Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device
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Integrated
Circuit
Systems, Inc.

1CS2694

Motherboard Clock Generator

Description

The ICS2694 Motherboard Clock Generator is an integrated
circuit using PLL and VCO technology to generate virtually all
the clock signals required in a PC. The use of the device can be
generalized to satisfy the timing needs of most digital systems
by reprogramming the VCO or reconfiguring the counter stages
which derive the output frequencies from the VCO’s.

The primary VCO is customarily used to generate the CPU
clock and is so labeled on the ICS2694. Pre-programmed
frequency sets are listed on page 6. These choices were made
to match the major microprocessor families. CPUSEL (0-3)
allow the user to select the appropriate frequency for the
application.

Due to the filter in the phase-locked loop, the CPUCLK will
move in a linear fashion from one frequency to a newly-
selected frequency without glitches. If a fixed CPUCLK value
is desired, CPUSEL (0-3) may be hard wired to the desired
address with STROBE tied high. (It has a pull-up.) For board
test and debug, pulling OUTPUTE to Ground will tristate all
the outputs.

Applications

e CPU clock and Co-processor clock
e  Hard Disk and Floppy Disk clock

e Keyboard clock

e Serial Port clock

e Busclock

e System counting or timing functions

Features
e Low cost - eliminates multiple oscillators and Count
Down Logic

e Primary VCO has 16 Mask Programmable frequencies
(normally CPU clock)

e Secondary VCO has 1 Mask Programmable frequency
(usually 96 MHz)

e  Pre-programmed versions for typical PC applications

e 10 Outputs in addition to the primary CPU clock

e Capability to reconfigure counter stages to change the
frequencies of the outputs via mask options

e  Advanced PLL design

e  On-chip PLL filters

e  Very Flexible Architecture

Pin Configuration

outz2=1 1 ~ 24— OUT3
OoUT1 =4 2 23 = OUT4
OuUTO = 3 22 = OUT5
ouUT9 = 4 21 p=~= OUT6
CPUCLK == 5 20 =~ OUT7 (CPUCLK/2)
VSS =4 6 19 == OUT8
DVDD =~ 7 18 =~ AVDD
STROBE =~ 8 17 == XTAL2
CPUSELO == 9 16 == XTAL1
CPUSEL1 == 10 15 == AVSS
CPUSEL2 == 11 14 == OUTPUTE
CPUSEL3 ==t 12 13 p== CLKIN

24-Pin DIP or SOIC
K-5, K-7

ICS2694RevA1094
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Pin Description

PIN NUMBER NAME DESCRIPTION

1 ouT2 4mA Output

2 OUTI1 4mA Output

3 OUTO0 4mA Output

4 ouT9 4mA Output

5 CPUCLK " l4mA Output driven by Voltage Controlled Oscillator 1 (VCO1). VCOI is controlled
by a 16 word ROM.

6 VSS Ground for digital portion of chip

7 DVDD Plus supply for digital portion of chip

8 STROBE Input control for transparent latches associated with CPU (0-3) which select one of
16 values for CPUCLK. Holding STROBE high causes the latches to be transparent.

9 CPUSELO LSB CPUCLK address bit

10 CPUSEL1 CPUCLK address bit

11 CPUSEL2 CPUCLK address bit

12 CPUSEL3 MSB CPUCLK address bit

13 CLKIN An alternative input for the reference clock. The crystal oscillator output and CLKIN

are gated together to generate the reference clock for the VCO’s. If CLKIN is used,
XTALT1 should be held high and XTAL?2 left open. If the internal oscillator is used,

hold CLKIN high.

14 OUTPUTE Pulling this line low tristates all outputs.

15 AVSS Ground for analog portion of chip

16 XTAL1 Input of internal crystal oscillator stage

17 XTAL2 Output of internal crystal oscillator stage. This pin should have nothing connected
to it but one of the quartz crystal terminals.

18 AVDD Positive supply for analog portion of chip.

19 OUT8 4mA Output

20 OuT7 4mA Output (Usually assigned as CPUCLK/2 for co-processor use)

21 OuUT6 4mA Output

22 ouTs 4mA Output

23 OUT4 4mA Output

24 OUT3 4mA Output
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Frequency Reference

The internal reference oscillator contains all of the passive
components required. An appropriate 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 be-
tween 10 MHz and 25 MHz have been tested. Maintain short
lead lengths between the crystal and the ICS2694. In order to
optimize the quality of the quartz crystal oscillator, the input
switching threshold of XTAL1 is VDD/2 rather than the con-
ventional 1.4 V of TTL. Therefore, XTAL1 may not respond
properly to a legal TTL signal since TTL is not required to
exceed VDD/2. Therefore, another clock input CLKIN (pin 13)
has been added to the chip which is sized to have an input
switching point of 1.4 V. Inside the chip, these two inputs are
ANDED. Therefore, when using the XTAL1 and XTAL2,
CLKIN should be held high. (It has a pull-up.) When using
CLKIN, XTALI should be held high. (It does not have a
pull-up because a pull-up would interfere with the oscillator
bias.)

It is anticipated that some applications will use both clock
inputs, properly gated, for either board test or unique system
functions. By generating all the system clocks from one refer-
ence input, the phase and delay relationships between the
various outputs will remain relatively fixed, thereby eliminat-
ing problems arising from totally unsynchronized clocks inter-
acting in a system.

+ © _‘[_01 I
I 1uF DVDD
3 AVDD

R1 Jc2 [C
1] oo VSS, AVSS

ijFJIuF l

+5

Power Supply Conditioning

The ICS2694 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 some applications it may be 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 con-
figuration 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; however, the cost of the discretes used in Figure 2 are less
than the cost of Figure 1’s discrete components.

Since the ICS2694 outputs a large number of high-frequency
clocks, conservative design practices are recommended. Care
should be exercised in the board layout of supply and ground
traces, and adequate power supply decoupling capacitors con-
sistent with the application should be used.

+50 © ’ |
J:C ! DVDD
lmF
470 - AVDD
+120 o ar 1o _EZ
W uF Vss, J;ivss
Figure 2
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Absolute Maximum Ratings

Supply Voltage ................ A% 1) > NN -0.5Vto +7V

Input Voltage. . ................ VIN ..ot -0.5V to VDD +0.5V
Output Voltage ................ VOUT.......... -0.5V to VDD +0.5V
Clamp Diode Current . .......... VIK & Iok....... +30mA

Output Currentper Pin ... ....... Iour ........... +50mA

Operating Temperature . . . ....... To...oovvvvvnn 0°Cto + 150°C
Storage Temperature . . .......... Ts...oooooin -85°C to + 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 Vourt be
constrained to > = Vss and <= Vpp.

DC Characteristics (0°C to 70°C)

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS
Operating Voltage Range VbD 4.0 5.5 \
Input Low Voltage VIL Vpp =5V VSS 0.8 \Y
Input High Voltage ViH Vpp =5V 2.0 Vbb \Y
Input Leakage Current I VIN = Ve - 10 uA
Output Low Voltage VoL IoL =4.0 mA - 04 \
Output High Voltage Von Ioqg =4.0 mA 24 - \Y
Supply Current Ipp Vpp =5V, CPUCLK = 80 MHz - 55 mA
Internal pull-up Resistors Rup * VpD =5V, Vin =0V 50 - k ohm
Input Pin Capacitance Cin ¢c=1MHz - 8 pf
Output Pin Capacitance Cout Fc=1MHz - 12 pf

* The following inputs have pull-ups: OUTPUTE, STROBE, CPUSEL (0-3), CLKIN.
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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 = 4.5 to 5.5 Volts

. Temperature Range = 0 °C to 70 °C

N AN A WN -

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 -
FOUT TIMING
Tr Rise Time - 3 Duty Cycle 40% min. to 60% max.
Tf Fall Time - 3 at 80 MHz
- Frequency Error 0.5 %
- Maximum Frequency 135 MH:z

Note:
Pattern -004 has rising edges of CPUCLK and CPUCLK/2 matched to + 2 ns.

p———  Tpw —_—

STROBE /i
CPUSEL (0-3) > § < i ><

—  Tsu ——  Thd —
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1CS2694 Standard Patterns

2MHz™] 1 ~ 24 16MHz
846 MHz =] 2 23 ™ 8 MHz
24MHz =] 3 22 ™ 9.6 MHz
6MHz ™ 4 & 21 = 14318 MHz
CPUCLK =] 5 © 20 = CPUCLK?
VSS =1 6 g', 19 ™ 1.19 MHz
pvob™} 7 © 18] AvDD
STROBE =] 8 & 17 ™ XTAL2
CPUSELO™] 9 ¢ 16 ™ XTAL1
CPUSEL1 ™10 =  15}= Avss
CPUSEL2 == 11 14 ™ OUTPUTE
CPUSEL3 =12 13 = CLKIN
CPUSELO-3 CPUCLK OUTPUT (Pin 5)
(Hex) (MHz)
0 2
1 10
2 20
3 24
4 25
5 32
6 3333
7 40
8 48
9 50
10 54
11 66.67
12 68
13 80
14 100
15 16

Note: Pattern -004 has rising edges of CPUCLK and
CPUCLK/2 matched to + 2 ns.

Ordering Information
ICS2694N-XXX or ICS2694M-XXX

Example:

ICS XXXX M -XXX

Package Type
N=DIP (Plastic)
M=SOIC

Prefix

Another alternative for CPU CLOCK generation is the
1CS2494-244 if the additional functions of the ICS2694 are

not needed in the application.

ICS
Part Number

1CS2494-
244

Address FS3-0
(Hex)

Frequency
(MHz)

20

24

32

40

50

66.6

80

100

54

70

90

110

25

333

40

i (T QW (o0 o N jun s v |- o

50

Address MS1-0
(Hex)

Frequency
(MHz)

0

16

24

50

1
2
3

66.6

Device Type (consists of 3 or 4 digit numbers)

ICS, AV=Standard Device; GSP=Genlock Device

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
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Circuit
Systems, Inc.

AV9107C

CPU Frequency Generator

General Description

The AV9107C offers a tiny footprint solution for generating
two simultaneous clocks. One clock, the REFCLK, is a fixed
output frequency which is the same as the input reference
crystal (or clock). The other clock, CLK1, can vary between 2
and 120 MHz, with up to 16 selectable preprogrammed fre-
quencies stored in internal ROM (frequency range depends on
design option).

The device has advanced features which include on-chip loop
filters, tristate outputs, and power-down capability. A mini-
mum of external components - two decoupling capacitors and
an optional ferrite bead - are all that are required for jitter-free
operation. Standard versions for computer motherboard appli-
cations are the AV9107C-03, and AV9107C-05. Custom
masked versions, with customized frequencies and features,
are available in 6-8 weeks for a small NRE.

Applications

Graphics: The AV9107C is the easiest to use, lowest cost, and
smallest footprint frequency generator for graphics applica-
tions. It can generate up to 16 different frequencies, including all
frequencies necessary for VGA standards. It should be used in
place of the AV9105/6 when the reference clock is also needed.

Computer: The AV9107C is the ideal solution for replacing
high speed oscillators and for reducing clock speeds to save
power in computers. The device provides smooth, glitch-free
frequency transitions so that the CPU can continue to operate
during slow down or speed up. The rate of frequency change
makes the AV9107C compatible with all 386DX, 386SX,
486DX, 486DX2, and 486SX devices. Standard versions in-
clude the AV9107C-03, -05, -10, -11.

Block Diagram

Features
e Patented on-chip Phase-Locked Loop with VCO for clock
generation

e Provides reference clock and synthesized clock

e  Generates frequencies from 2 to 120 MHz (depending on
option)

8-pin DIP or SOP package or 14-pin DIP or SOP package
2 to 32 MHz input reference frequency (depending on
option)

On-chip loop filter

Up to 16 frequencies stored internally

Low power CMOS technology

Single +3.3 or +5 volt power supply

Disk Drives: Smaller than a single crystal or an oscillator, the
tiny SOIC package can be used for any general purpose fre-
quency generation in disk drives. The most popular application
is for Constant Density Recording, where its low jitter output
clock provides the necessary frequencies for reading and re-
cording. Another popular application is for slowing the disk
drive CPU to save power.

High Speed Systems: The AV9107C can be used as a proximity
oscillator - using a low frequency (down to 2 MHz) input to
generate a high frequency clock (up to 120 MHz) near the
device requiring the high frequency (depending on option).
This avoids the need to route high speed traces over a long
distance.

r—— "=~ — == === === --- 1
POWER 1
DOWN ! prase | | craree || F9OP . | ouTPUT| LK1 or
1 DETECTOR PUMP VGO BUFFER 2XCPUCLK
| + !
y
FSO ! ‘ I oF
S — FREQUENCY STORE/ 2 !
A < PHASE LOCK LOOP |
R — CONTROL LOGIC OF
Fs3 > ; :
] A \4 !
X1/ICLK =+ » output| ! REFCLK or
X2 <€ OSCILLATOR »| MUX [ BUFFER—|> CPUCLK
. e e e e e e e e e e L T——— 1
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AV9107C

Pin Configuration

— / - U/
FSo 1 8 REFCLK Fs1 11 14 FSO
FS2 1 2 13 I REFCLK
GND — 2 7 — VDD
FS3 7 3 12 [T VDD
X1/ICLK — 3 6 m CLK1 AGND 7] 4 [ CLK1
GND 7 5 10 [ OE (CLK1)
X2—4 5— Fst PD 7 6 9 [ OE (REFCLK)
- -
AV9107C-05/-10 X1/ICLK 7 8 X2
8-Pin DIP, SOIC AV9107C-03/-11
K-3,K-6 14-Pin DIP, SOIC
K-3, K-6
Pin Descriptions for AV9107C-03, AV9107C-05 and AV9107C-10
PIN NUMBER PIN
05101 -03 NAME TYPE DESCRIPTION
1 14 |FSO Input Frequency Select 0 for CLK1 (-03 has pull-up).
5 1 FS1 Input Frequency Select 1 for CLK1 (-03 has pull-up).
2 FS2 Input Frequency Select 2 for CLK1 (-03 has pull-up).
3 FS3 Input Frequency Select 3 for CLK1 (-03 has pull-up).
4 AGND - Analog GROUND.
2 5 GMD - Digital GROUND.
6 PD Input POWER-DOWN. Shuts off chip when low. Internal pull-up.
3 7 X1/ICLK Input CRYSTAL OUTPUT or INPUT CLOCK frequency. Typically 14.318 MHz system
clock.
4 8 X2 Output CRYSTAL OUTPUT (No Connect when clock used.).
9 OE(REFCLK) Input OUTPUT ENABLE. Tristates REFCLK when low. Pull-up.
10 |OE(CLK1) Input OUTPUT ENABLE. Tristates CLK1 when low. Pull-up.
6 11  |CLK1 Output  |CLOCKI1 Output (see decoding tables).
7 12 |VDD - Digital power supply (+5V DC).
8 13 |REFCLK Output REFERENCE CLOCK output. Produces a buffered version of the input clock or
crystal frequency (typically 14.318 MHz).
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Frequency Accuracy and Calculation

The accuracy of the frequencies produced by the AV9107C
depends on the input frequency and the desired actual output
frequency. The formula for calculating the exact frequency is
as follows:

A
Output Frequency = Input Frequency x B

where A=2,3,4...128, and
B=2,3,4..32.

For example, to calculate the actual output frequency for a
video monitor expecting a 44.900 MHz clock and using a
14.318 MHz input clock, the closest A/B ratio is 69/22, which
gives an output of 44.906 MHz (within 0.02% of the target
frequency). Generally, the AV9107C can produce frequencies
within 0.1% of the desired output.

Frequency Transitions

Allowable Input and Output Frequencies
for Possible Options

The input frequency should be between 2 and 32 MHz, depend-
ing on options, and the A/B ratio should not exceed 24. The
output should fall in the range of 2-120 MHz, depending on
options.

Output Enable

The Output Enable feature tristates the specified output clock
pins. This places the selected output pins in a high impedance
state to allow for system level diagnostic testing.

Power-Down

If equipped, the power-down shuts off the specified PLL or
entire chip to save current. A few milliseconds are required to
reach full functioning speed from a power-down state.

A key AV9107C feature is the ability to provide glitch-free frequency transitions across its output frequency range. The
AV9107C-03 provides smooth transitions between any of the two groups of eight frequencies (when FS3=0 or FS3=1), so that
the device will switch glitch-free between 4-100 MHz and 2-50 MHz.
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AV9107C

Absolute Maximum Ratings

AVDD, VDD referencedtoGND ............... v

Operating temperature under bias ............... 0°C to +70°C

Storage temperature . ................0iii.... -65°C to +150°C

Voltage on I/O pins referenced to GND. .......... GND -0.5V to VDD +0.5V
Power dissipation ...............oooiiiia 0.5 Watts

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 at 5V
Operating VpD = +4.5V to +5.5V; Ta =0°C to 70°C unless otherwise stated

PC Characteristics
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage VIL - - 0.8 \4
Input High Voltage Vi 2.0 - - \%
Input Low Current I ViN=0V - 6.0 16.0 UA
Input High Current I VIN=VDD -2.0 - 2.0 UA
Output Low Voltage, Note 1 VoL IoL=10mA - 0.15 0.40 \Y
Output High Voltage, Note 1 VoH Ion=-30mA 2.4 3.25 - \%
Output Low Current, Note 1 IoL VorL=0.8V 22.0 35.0 - mA
Output High Current, Note 1 Ton Vou=2.0V - -50.0 -35.0 mA
Supply Current Icc Unload, 50 MHz - 18.0 42.0 mA
Supply Current Icc Unload, Logic Inputs 000 - 38.0 100.0 HA
(PD low)
Supply Current Icc Unload, Logic Inputs 111 - 14.0 40.0 UA
(PD low)
Pull-up Resistor, Note 1 Rpu - 380.0 700.0 k ohms
AC Characteristics
Rise Time 0.8 to 2.0V, Note 1 Tr 15pf load - 0.60 1.40 ns
Fall Time 2.0 to 0.8V, Note 1 Tt 15pf load . - 0.40 1.00 ns
Rise Time 20% to 80%, Note 1 Te 15pf load - 2.0 3.5 ns
Fall Time 80% to 20%, Note 1 T¢ 15pf load - 1.0 2.5 ns
Duty Cycle, Note 1 D¢ 15pfload @ 1.4V 45.0 50.0 55.0 %
Jitter, One Sigma, Note 1 Tps From 20 to 100 MHz - 50.0 150.0 ps
Jitter, One Sigma, Note 1 Tys From 14 to 16 MHz 100.0 200.0 ps
Jitter, One Sigma, Note 1 Tjis From 14 to Below 0.2 1.0 %
Jitter, Absolute, Note 1 Tjab From 20 to 100 MHz -250.0 250.0 ps
Jitter, Absolute, Note 1 Tjab From 14 to 16 MHz -500.0 500.0 ps
Jitter, Absolute, Note 1 Tjab From 14 to Below 1.0 3.0 %
Input Frequency, Note 1 F, 11.0 14.3 19.0 MHz
Output Frequency Fo 2.0 - 120.0 MHz
Power-up Time, Note 1 Tpu - 7.58 18.0 ms
Transition Time, Note 1 Tre 8 to 66.6 MHz - 6.0 13.0 ms

Note 1: Parameter is guaranteed by design and characterization. Not 100% tested in production.
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Electrical Characteristics at 3.3V
Operating Vpp = +3.0V to +3.7V; Ta =0°C to 70°C unless otherwise stated

DC Characteristics
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage \%% - - 0.20Vpp \4
Input High Voltage Vi 0.7VpbD - - v
Input Low Current In ViN=0V - 25 7.0 UA
Input High Current I VIN=VDD -2.0 - 2.0 HA
Output Low Voltage, Note 1 VoL IoL=6mA - 0.15 0.1 \%
Output High Voltage, Note 1 VoH Ioy=-5mA 0.85 0.92 - \4
Output Low Current, Note 1 ToL Vor=0.2Vpp 15.0 22.0 - mA
Output High Current, Note 1 Ion VoL=0.7Vpp - -17.0 -10.0 mA
Supply Current Icc Unloaded, 50 MHz - 220 40.0 mA
Supply Current Icc Unload, Logic Inputs 000 - 13.0 40.0 HA
(PD low)
Supply Current Icc Unload, Logic Inputs 111 - 4.0 12.0 HA
(PD low)
Pull-up Resistor Rpu - 550.0 900.0 k ohms
AC Characteristics
Rise Time 20% to 80%, Note 1 Tr 15pf load - 2.2 35 ns
Fall Time 80% to 20%, Note 1 T 15pf load - 12 2.5 ns
Duty Cycle, Note 1 D¢ 15pf load @ 50% 40.0 46.0 53.0 %
Jitter, One Sigma, Note 1 Tps From 25 to 85 MHz - 50.0 150.0 ps
Jitter, One Sigma, Note 1 Tps From 14 to 20 MHz 100.0 200.0 ps
Jitter, One Sigma, Note 1 Ts From 14 to Below 0.4 1.0 %o
Jitter, Absolute, Note 1 Tjab From 25 to 85 MHz -250.0 250.0 ps
Jitter, Absolute, Note 1 Tjab From 14 to 20 MHz -500.0 500.0 ps
Jitter, Absolute, Note 1 Tjab From 14 to Below 1.0 3.0 %o
Input Frequency, Note 1 F, 13.3 14.3 153 MHz
Output Frequency, Note 1 Fo 2.0 - 66.6 MHz
Power-up Time, Note 1 Tpu - 7.58 18.0 ms
Transition Time, Note 1 Tt 8 t0 66.6 MHz - 6.0 13.0 ms

Note 1: Parameter is guaranteed by design and characterization. Not 100% tested in production.
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Actual Frequencies

Decoding Table for AV9107C-11 (in MHz)

Decoding Table for AV9107C-05, 14.318 input FS3 | FS2 | Fs1 | FSO CLK1
0 0 0 0 16.00 MHz
FS1 FSO CLK1 0 0 0 1 33.99 MHz
0 0 40.01 MHz 0 0 1 0 50.11 MHz
0 1 50.11 MHz 1 0 1 1 80.01 MHz
1 0 66.61 MHz 0 1 0 0 66.58 MHz
1 1 80.01 MHz 0 1 0 1 100.23 MHz
0 1 1 0 60.00 MHz
*5V only 0 1 1 1 4.01 MHz
1 0 0 0 8.02 MHz
Decoding Table for AV9107C-03, 14.318 input } g ? (1) %g% Iﬁﬁ;ﬁ
FS3 FS2 FS1 FSO CLK1 i <1) (1) (1) gggg mgz
. z
9 0 0 0 16.00 Mtz 1 1 0 1 50.11 MHz
0 0 0 1 39.99 MHz 1 ] " 0 30,00 MHe
0 0 1 0 50.11 MHz 1 1 1 1 4,01 MHa
1 0 1 1 80.01 MHz
0 1 0 0 66.58 MHz *#5V only
0 1 0 1 100.23 MHz
0 1 1 0 8.02 MHz .
0 1 1 1 401 MHz Decoding Table for AV9107C-10, 14.318 Input
1 0 0 0 8.02 MHz Fsi FSO CLK1
1 0 0 1 20.00 MHz
1 0 1 0 25.06 MHz 0 0 25.057 MHz
1 0 1 1 40.01 MHz 0 1 33.289 MHz
1 1 0 0 33.29 MHz 1 0 40.006 MHz
1 1 0 1 50.11 MHz 1 1 50.113 MHz
1 1 1 0 4.01 MHz
1 1 1 1 2.05 MHz *5V only
*5V only

Ordering Information

AV9107C-05CN8, AV9107C-10CN8, AV9107C-03CN14, AV9107C-11CN14 or

AV9107C-05CS8, AV9107C-10CS8, AV9107C-03CS14, AV9107C-11CS14

Example:

XXX XXXX-PPP M X#W

L

Lead Count=1, 2 or 3 digits

Lead Count & Package Width

‘W=.3" SOIC or .6” DIP; None=Standard Width
Package Type

N=DIP (Plastic)
=SOP

Patt_ern Number (2 or 3 digit number for parts with ROM code patterns, if applicable)
Device Type (consists of 3 or 4 digit numbers)

Prefix

ICS, AV=Standard Device; GSP=Genlock Device
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Integrated
Circuit
Systems, Inc.

ICS9108

CPU Frequency Generator

General Description

The AV9108 offers a tiny footprint solution for generating two
simultaneous clocks. One clock, the REFCLK, is a fixed output
frequency which is the same as the input reference crystal (or
clock). The other clock, CLK1, can vary between 2 and 120
MHz, with up to 16 selectable preprogrammed frequencies
stored in internal ROM.

The ICS9108 is ideal for use in a 3.3V system. It can generate
a66.66 MHz clock at 3.3V. In addition, the ICS9108 provides
asymmetrical wave form with a worst case duty cycle of 45/55.
The ICS9108 has very tight edge control between the CPU
clock and 2XCPU clock outputs, with a worst case skew of
250ps.

The device has advanced features which include on-chip loop
filters, tristate outputs, and power-down capability. A mini-
mum of external components - two decoupling capacitors and
an optional ferrite bead - are all that are required for jitter-free
operation. Standard versions for computer motherboard appli-
cations are the AV9108-03, AV9108-05 and the ICS9108-10.
Custom masked versions, with customized frequencies and
features, are available in 6-8 weeks for a small NRE fee.

Block Diagram

Features

Runs up to 80 MHz at 3.3V

50/50 typical duty cycle at 5V

+250ps absolute jitter

Generates frequencies from 2 to 140 MHz

2 to 32 MHz input reference frequency

Up to 16 frequencies stored internally

Patented on-chip Phase Locked Loop with VCO for clock
generation

Provides reference clock and synthesized clock
On-chip loop filter

Low power 0.8u CMOS technology

8-pin or 14-pin DIP or SOIC package

POWER

DOWN PHASE

|| cHARGE
PUMP

LOOP |
_ OUTPUT CLK1 or
2XCPUCLK

1
| DETECTOR
1
|

CONTROL LOGIC

FREQUENCY STORE/
PHASE LOCK LOOP

FILTER & 1>
VCO ] l BUFFER
OE

A

OSCILLATOR

FS3
X1/ICLK =+

F——‘f— OE
\ 4 I

X2 —+—

I
- OUTPUT REFCLK o
P IMUX PP eirrer[™ T CPUCLK

AV9108RevA082594
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Pin Configuration

FS0— 1 '~ 8 REFCLK Fst 41 >~ 14 Fso
FS2 o 2 13 | REFCLK
GND — 2 7 — VDD
Fs3 - 3 12 | vDD
X1/ICLK — 3 6 — CLK1 AGND - 4 11 [ CLKi1
GND 5 10 | OE (CLK1)
X2— 4 5— Fs1 PD 6 9  OE (REFCLK)
AV9108-05/-10 X1ICLK 7 7 8 X2
8-Pin DIP, SOIC AV9106-03-11
K-3,K-6 14-Pin DIP, SOIC

K-3, K-6

Pin Descriptions for AV9108-03, AV9108-05 and AV9108-10

PIN NUMBER PIN
205/-10-13] -03 NAME TYPE DESCRIPTION
1 14 |FSO Input Frequency Select 0 for CLK1 (-03 has pull-up).
5 1 FS1 - Input Frequency Select 1 for CLK1 (-03 has pull-up).
2 FS2 Input Frequency Select 2 for CLK1 (-03 has pull-up).
3 FS3 Input Frequency Select 3 for CLK1 (-03 has pull-up).
4 AGND - Analog GROUND.
2 5 GMD - Digital GROUND.
6 PD Input POWER-DOWN. Shuts off chip when low. Internal pull-up.
3 7 X1/ICLK Input CRYSTAL OUTPUT or INPUT CLOCK frequency. Typically 14.318 MHz
system clock.
4 8 X2 Qutput CRYSTAL OUTPUT (No Connect when clock used.).
9 OE(REFCLK) Input OUTPUT ENABLE. Tristates REFCLK when low. Pull-up.
10 |OE(CLK1) Input OUTPUT ENABLE. Tristates CLK1 when low. Pull-up.
6 11 CLK1 Qutput CLOCKI1 Output (see decoding tables).
7 12 |VDD - Digital power supply (+3V DC).
8 13 |REFCLK Output  |REFERENCE CLOCK output. Produces a buffered version of the input clock or
crystal frequency (typically 14.318 MHz).
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Actual Frequencies Decoding Table for AV9108-11 (in MHz)
Decoding Table for AV9108-05, 14.318 input FS3 | FS2 | FSI | FSO CLK1
0 0 0 0 16.00 MHz
FS1 FSO CLK1 0 0 0 1 33.39 MHz
0 0 40.01 MHz 0 0 1 0 50.11 MHz
0 1 50.11 MHz 1 0 1 1 80.01 MHz
1 0 66.61 MHz 0 1 0 0 66.58 MHz
1 1 80.01 MHz 0 1 0 1 10023 MHz
0 1 1 0 60.00 MHz
Decoding Table for AV9108-03, 14.318 input R P P R o
1 0 0 1 20.05 MHz
FS3 FS2 FS1 FSO CLK1 ] 0 " o 55,06 MHa
0 0 0 0 16.00 MHz 1 0 1 1 39.99 MHz
0 0 0 1 39.99 MHz 1 1 0 0 33.25 MHz
0 0 1 0 50.11 MHz 1 1 0 1 50.11 MHz
1 0 1 1 80.01 MHz 1 1 1 0 30.00 MHz
0 1 0 0 66.58 MHz 1 1 1 1 4.01 MHz
0 1 0 1 100.23 MHz
0 1 1 0 8.02 MHz
0 1 1 1 4.01 MHz
1 0 0 0 8.02 MHz
1 0 0 1 20.00 MHz
1 0 1 0 25.06 MHz
1 0 1 1 40.01 MHz
1 1 0 0 33.29 MHz
1 1 0 1 50.11 MHz
1 1 1 0 4.01 MHz
1 1 1 1 2.05 MHz
Decoding Table for AV9108-10, 14.318 input
FS1 FSO CLK1
0 0 25.057 MHz
0 1 33.289 MHz
1 0 40.006 MHz
1 1 50.113 MHz

Note: The dash number following ICS9108 must be included when ordering product since it specifies the frequency decoding
table being ordered. Decoding options can be created by a simple metal mask change.
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Frequency Accuracy and Calculation

The accuracy of the frequencies produced by the ICS9108
depends on the input frequency and the desired actual output
frequency. The formula for calculating the exact frequency is
as follows:

A
Output Frequency = Input Frequency x B

where A=2,3,4 ..128, and
B=2,3,4..32.

For example, to calculate the actual output frequency for a
video monitor expecting a 44.900 MHz clock and using a
14.318 MHz input clock, the closest A/B ratio is 69/22, which
gives an output of 44.906 MHz (within 0.02% of the target
frequency). Generally, the ICS9108 can produce frequencies
within 0.1% of the desired output.

Frequency Transitions

Allowable Input and Output Frequencies

The input frequency should be between 2 and 32 MHz and the
A/B ratio should not exceed 24. The output should fall in the
range of 2-120 MHz.

Output Enable

The Output Enable feature tristates the specified output clock
pins. This places the selected output pins in a high impedance
state to allow for system level diagnostic testing.

Power-Down

If equipped, the power-down shuts off the specified PLL or
entire chip to save current. A few milliseconds are required to
reach full functioning speed from a power-down state.

A key ICS9108 feature is the ability to provide glitch-free frequency transitions across its output frequency range. The ICS9108
provides smooth transitions between any of the two groups of eight frequencies (when FS3=0 or FS3=1), so that the device will

switch glitch-free between 4-100 MHz and 2-50 MHz.
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Absolute Maximum Ratings

AVDD, VDD referencedtoGND ............... A

Operating temperature under bias ............... 0°C to +70°C

Storage temperature .. ... -65°C to +150°C

Voltage on I/O pins referenced to GND. .......... GND -0.5V to VDD +0.5V
Power dissipation . .............c.cooiiiiiii... 0.5 Watts

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 at 5V
(Operating Vpp = +4.5V to +5.5V; Ta =0°C to 70°C unless otherwise stated)

DC Characteristics .
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage Vi - - 0.8 \Y
Input High Voltage ViH 2.0 - - \
Input Low Current I Vin=0V - 6.0 16 HA
Input High Current I ViN=VDD -2.0 - 2.0 LA
Output Low Voltage VoL IoL=10mA - 0.15 0.40 \Y
Output High Voltage, Note 1 VoH Ion=-30mA 24 3.25 - \
Output Low Current, Note 1 IoL Vor=0.8V 22.0 35.0 - mA
Output High Current, Note 1 Ion Vou=2.0V - -50.0 -35.0 mA
Supply Current Icc Unload, 50 MHz - 18.0 42.0 mA
Supply Current Icc Unload, Logic Inputs 000 - 38.0 100.0 LA
(PD low)
Supply Current Icc Unload, Logic Inputs 111 - 14.0 40.0 HA
(PD low)
Pull-up Resistor, Note 1 Rpu - 380.0 700.0 k ohms
) . AC Characteristics
Rise Time 0.8 to 2.0V, Note 1 T: 15pf load - 0.60 1.40 ns
Fall Time 2.0 to 0.8V, Note 1 T 15pf load - 0.40 1.00 ns
Rise Time 20% to 80%, Note 1 Te 15pf load - 2.0 3.5 ns
Fall Time 80% to 20%, Note 1 T 15pf load - 1.0 2.5 ns
Duty Cycle, Note 1 D 15pfload @ 1.4V 45.0 50.0 55.0 %
Jitter, One Sigma, Note 1 Tus From 20 to 100 MHz - 50.0 150.0 ps
Jitter, One Sigma, Note 1 Tiss From 14 to 16 MHz 100.0 200.0 ps
Jitter, One Sigma, Note 1 Tus From 14 to Below 0.2 1.0 %
Jitter, Absolute, Note 1 Thab From 20 to 100 MHz -250.0 250.0 ps
Jitter, Absolute, Note 1 Thab From 14 to 16 MHz -500.0 500.0 ps
Jitter, Absolute, Note 1 Thab From 14 to Below 1.0 3.0 %
Input Frequency, Note 1 Fi 11.0 14.3 19.0 MHz
Output Frequency Fo 2.0 - 120.0 MHz
Power-up Time, Note 1 Tou - 7.58 18.0 ms
Transition Time, Note 1 Ta 8 to 66.6 MHz - 6.0 13.0 ms

Note 1: Parameter is guaranteed by design and characterization. Not 100% tested in production.
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Electrical Characteristics at 3.3V

unless otherwise stated)

(Operating Vpp = +3.0V to +3.7V; Ta =0°C to 70°C

DC Characteristics - ’ N .
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage Vi - - 0.20Vpp \
Input High Voltage ViH 0.7VpD - - \Y
Input Low Current I ViN=0V - 2.5 7.0 LA
Input High Current Iy Vin=VDD -2.0 - 2.0 HA
Output Low Voltage VoL IoL=6mA - 0.15 0.1 \Y
Output High Voltage Von IoH=-5SmA 0.85 0.92 - \
Output Low Current IoL VoL=0.2Vpp 15.0 22.0 - mA
Output High Current loH VoL=0.7Vbp - -17.0 -10.0 mA
Supply Current Icc Unloaded, 50 MHz - 22.0 40.0 mA
Supply Current Icc Unload, Logic Inputs 000 - 13.0 40.0 HA
(PD low)
Supply Current Icc Unload, Logic Inputs 111 - 4.0 12.0 HA
(PD low)
Pull-up Resistor Rpu - 550.0 900.0 _ k ohms
Rise Time 20% to 80%, Note 1 T: 15pf load - 2.2 3.5 ns
Fall Time 80% to 20% Tt 15pf load - 1.2 2.5 ns
Duty Cycle D 15pfload @ 50% 40.0 46.0 60.0 %
Jitter, One Sigma Tys From 25 to 85 MHz - 50.0 150.0 ps
Jitter, One Sigma Tys  |From 14 to 20 MHz 100.0 200.0 ps
Jitter, One Sigma Tys From 14 to Below 0.4 1.0 %
Jitter, Absolute Tiab From 25 to 85 MHz -250.0 250.0 ps
Jitter, Absolute Tiab From 14 to 20 MHz -500.0 500.0 ps
Jitter, Absolute Tiab __|From 14 to Below 1.0 3.0 %
Input Frequency F 13.3 14.3 15.3 MHz
Output Frequency Fo 2.0 - 90.0 MHz
Power-up Time, Note 1 Tpu - 7.58 18.0 ms
Transition Time, Note 1 T 8 to0 66.6 MHz - 6.0 13.0 ms

Parameter is guaranteed by design and characterization.

Ordering Information

1CS9108-05CN8, ICS9108-05CS8; ICS9108-10CN8, ICS91808-10CS8;
1CS9108-03CN14, ICS9108-03CS14; ICS9108-11CN14, ICS9108-11CS14

Example:

XXX XXXX -XX M X#W

L Lead Count & Package Width

Lead Count=1, 2 or 3 digits

‘W=.3" SOIC or .6” DIP; None=Standard Width
Package Type

N=DIP (Plastic); S=SOIC
Pattern Number (2 or 3 digit number for parts with ROM code patterns)

Prefix

Device Type (consists of 3 or 4 digit numbers)

ICS, AV=Standard Device; GSP=Genlock Device
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Integrated
Circuit
Systems, Inc.

1CS9120-08
1CS9120-09

Product Preview

Frequency Generator for Multimedia Audio Synthesis

General Description

The ICS9120-08 and ICS9120-09 are high performance fre-
quency generators designed to support stereo audio codec
systems. They offer both clock frequencies required by stereo
codecs such as the CS4231 and the AD1848 plus the clock
needed for the OPL4 FM synthesizer. These frequencies can
be synthesized from the existing 14.318 MHz system clock
or from the on-chip oscillator using a 14.318 MHz crystal
(-08 only).

High accuracy, low jitter PLLs meet the 0.10% frequency
tolerance and -96dB signal-to-noise ratios required by 16-bit
audio systems. Fast output clock edge rates minimize board
induced jitter.

Unlike competitive devices, the ICS9120-08 and ICS9120-09

operate over the entire 3.0-5.5V range, with the -09 providing
power-down to minimize energy consumption.

Block Diagram

Features

e  Generates 16.9344 MHz and 24.576 MHz stereo codec
clocks plus the 33.868 MHz OPLA4 clock

Single 14.318 MHz crystal or system clock reference
Buffered REFCLK output

0.10% frequency accuracy meets OPL4 specifications
85ps one sigma jitter maintains 16-bit performance
Output rise/fall times less than 2.0ns

On-chip loop filter components

3.3V-5V supply range

8-pin, 150-mil SOIC

Applications

e Specifically designed to support the high performance
requirements of multimedia audio systems

_— e e e e = = = = = = — g

X1 |
é I ! g N I
I I XTAL OSC | > 143MHz
X2 (-08) —j— :
I Ly |
External | N
Crystal  PD (-09)——> 1> pl_24.6 MHz
Load Caps PLL N I
I CLOCK Pi—33.9 MHz
I GEN V- |
' > 16.9 MHz
|

ICS9120RevA 112294
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1ICS9120-09
Pin Configuration Functionality (1cs9120-08, 1cS9120-09)
VDD=3.0-5.5V, TEMP=0-70°C
—_ / - — X1,X2 | (-09 only)| 33.9 169 | 246 14.3
X1 1 8 X2 (PD)(09) (MHz) | PD\ | (MHz) | (MHz) | (MHz) | (MHz)
] oo . - 0 Low Low Low Low
vbD 2 g8 7 14.3 MHz 14318 | 1| 33.868 | 16934 | 24.576 | 14318
NN
GND — 3 g;,é 6 — 33.9 MHz Note: PD (Pin 8) is internally pulled-up to VDD and therefore
(3] 3] may be left disconnected or driven by open collector logic.
16.9 MHz — 4 5 — 24.6 MHz
8-Pin SOIC
K-6

Pin Descriptions for ICS9120-08

PIN PIN
NUMBER NAME TYPE DESCRIPTION
1 X1 Input Crystal or external clock source
2 VDD Power  |+Power supply input
3 GND Power  |Ground return for Pin 2
4 CLK3 Output  |16.9 MHz clock output
5 CLK1 Output  |24.6 MHz clock output
6 CLK2 Output  |33.9 MHz clock output
7 REF Output  |14.318 MHz reference clock output
8 X2 Output | Crystal output drive

Pin Descriptions for ICS9120-09

PIN PIN
NUMBER NAME TYPE DESCRIPTION
1 X1 Input  |Crystal or external clock source
2 VDD Power  |+Power supply input
3 GND Power  |Ground return for Pin 2
4 CLK3 Output  |16.9 MHz clock output
5 CLK1 Output  124.6 MHz clock output
6 CLK2 Output  |33.9 MHz clock output
7 REF Output  14.318 MHz reference clock output
8 PD Input Power-down input powers down entire device when low; has pull-up
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Absolute Maximum Ratings

AVDD, VDD referencedtoGND ............... v

Operating temperature under bias ............... 0°C to +70°C

Storage temperature . ............... ... -65°C to +150°C

Voltage on I/O pins referenced to GND. . ......... GND -0.5V to VDD +0.5V
Power dissipation .................. ... 0.5 Watts

and functional operation of the device at these or any other conditions above those indicated in the operational sections of the

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only .
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect product reliability.

Electrical Characteristics at 5V
Operating Vpp = +4.5V to +5.5V; Ta =0°C to 70°C unless otherwise stated

DC Characteristics
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage viL - - 0.8 \4
Input High Voltage VIH 2.0 - - \4
Input Low Current IL VIN=0V (For -09 only) - -8.3 -18.0 HA
Input High Current I VIN=VDp (For -09 only) - - 5.0 UA
Output Low Voltage VorL* |loL=+10mA - 0.15 04 \
Output High Voltage Vou* |Iog=-30mA 24 3.7 - v
Output Low Current IoL* |VoL=0.8V 25.0 45.0 - mA
Output High Current Ion* |Von=24V - -53.0 -35.0 mA
Supply Current Icc Unloaded - 22.0 50.0 mA
Supply Current Icc Unloaded (For -09 only) - 180.0 500.0 UA
Pull-up Resistor Value Rpu* __ |(For -09 only) ) - 400.0 800.0 k ohm
L o ~ AC Characteristics R
Rise Time 0.8 to 2.0V Tr* 15pf load - 0.9 2.0 ns
Fall Time 2.0 to 0.8V Tr* 15pf load - 0.7 1.5 ns
Rise Time 20% to 80% Tr* 15pf load - 1.8 3.25 ns
Fall Time 80% to 20% Te* 15pf load - 1.4 25 ns
Duty Cycle Dy* 15pf load @ 50% of VDD; 45.0 50.0 55.0 %
Except REFCLK
Duty Cycle D¢* 15pf load @ 50% of VDD; 40.0 50.0 60.0 %
REFCLK only
Jitter, One Sigma Tjs*  |For all frequencies except - 85.0 - ps
REFCLK
Jitter, Absolute Tjab For all frequencies except -700.0 380.0 700.0 ps
REFCLK
Jitter, One Sigma Tps*  |REFCLK only - 266.0 600.0 ps
Jitter, Absolute Tab  |REFCLK only -1.5 380.0 1.5 ns
Input Frequency F* 11.0 14.0 17.0 MHz
Output Frequency Fo* 11.0 - 42.0 MHz
Power-up Time Tpu*  |0to033.8 MHz - 5.5 12.0 ms
Crystal Input Capacitance Cinx* |X1 (Pin 1), - 5 - pf
X2 (Pin 8; -08 only)

* Parameter guaranteed by design and characterization. Not 100% tested in production.
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Electrical Characteristics at 3.3V

Operating VDD = +3.0V to +3.7V; Ta =0°C to 70°C unless otherwise stated

X2 (Pin 8; -08 only)

» DC Characteristics o
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage VIL - - 0.2VpDp v
Input High Voltage VIH 0.7Vpbp - - \
Input Low Current IiL VIN=0V (For -09 only) - -3.6 -8.0 UA
Input High Current I VIN=VDD (For -09 only) - - 5.0 HA
Output Low Voltage VoL* |loL=6mA - 0.05VpDp 0.1 \
Output High Voltage Vou* |log=-4.0mA 0.85Vpp | 0.94VpDp - \
Output Low Current IoL* VorL=0.2VDpD 15.0 24.0 - mA
Output High Current Ion* |Vou=0.7VDD - -13.0 -8.0 mA
Supply Current Icc Unloaded - 13.0 32.0 mA
Supply Current Icc(PD) |Unloaded (For -09 only) - 50.0 110.0 UA
Pull-up Resistor Value Rpu*  |(For -09 only) - 620.0 900.0 k ohm
, ' AC Characteristics ‘
Rise Time 0.8 to 2.0V Tr* 15pf load - 1.5 4.0 ns
Fall Time 2.0 to 0.8V Te* 15pf load - 1.0 3.0 ns
Rise Time 20% to 80% Tr* 15pf load - 2.2 4.0 ns
Fall Time 80% to 20% Tg* 15pf load - 1.5 3.0 ns
Duty Cycle Dy¢* 15pf load @ 50% of VDD; 45.0 50.0 55.0 %
Except REFCLK
Duty Cycle Dy¢* 15pf load @ 50% of VDD; 40.0 45.0 60.0 %
REFCLK only
Jitter, One Sigma Tis* For all frequencies except - 100.0 - ps
REFCLK
Jitter, Absolute Tjab For all frequencies except -900.0 380.0 900.0 ps
REFCLK
Jitter, One Sigma Tis* |REFCLK only - 266.0 600.0 ps
Jitter, Absolute Tiab REFCLK only -1.5 380.0 1.5 ns
Input Frequency Fi* 11.0 14.3 15.0 MHz
Output Frequency Fo* 11.0 - 38.0 MHz
Power-up Time Tpu*  |0to33.8 MHz - 5.5 12.0 ms
Crystal Input Capacitance Cinx* |X1 (Pin 1), - 5 - pf

* Parameter guaranteed by design and characterization. Not 100% tested in production.
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1ICS9120-09

Ordering Information
1CS9120M-08, ICS9120M-09

Example:

XXX XXXX M-PPP

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Package Type
M=SOIC

Device Type (consists of 3 or 4 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device

PRODUCT PREVIEW documents contain information on products in the formative or design
phase of development Characteristic data and other specifications are design goals ICS
reserves the night to change or discontinue these products without notice
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Integrated
Circuit
Systems, Inc.

ICS9131

Advance Information

32 kHz Motherboard Frequency Generator

General Description

The ICS9131 offers a tiny footprint solution for generating a
selectable CPU clock from a 32.768 kHz crystal. The device
allows a variety of microprocessors to be clocked by changing
the state of address lines FSO, FS1, and FS2. The ICS9131 is
the ideal solution for replacing high speed oscillators and for
reducing clock speeds to save power in computers. The device
provides smooth, glitch-free frequency transitions so that the
CPU can continue to operate during slow down or speed up.
The rate of frequency change makes the ICS9131 compatible
with all 386DX, 386SX, 486DX, 486DXZ, 486SX and Pen-
tium™ microprocessors.

The ICS9131 is driven from a single 32.768 kHz crystal. The
only external components required are the crystal and a
10M ohm resistor. The device generates the 14.318 MHz sys-
tem clock, eliminating the need for a 14.318 MHz crystal.
High-Performance applications may require high speed clock
termination components.

VDD32 Supply

The ICS9131 has a separate power supply for the 32.768 kHz
oscillator circuitry. This allows the 32 kHz clock to run from a
battery or other source while the main power to the chip is
disconnected. The VDD32 supply is guaranteed to operate
down to +2.0V, with the clock consuming less than 10pA at
+3.3V and the main VDD at OV.

The frequencies and power-down options in the ICS9131 are
mask programmable. Customer specific masks can be made
and prototypes delivered within 6-8 weeks from receipt of
order. ICS also offers standard versions, such as those de-
scribed in this data sheet.

Block Diagram

Features

e Single 32.768 kHz crystal generates system clock and

selectable CPU clock

Generates CPU clocks from 8 MHz to 100 MHz.

Operates from 3.3V or 5.0V supply

Operates up to 66 MHz at 3.3V

Separate VDD for 32 kHz clock enables it to run from

battery

e STOPCLK feature allows for a glitch-free on and turn-off
of the CPU clock to static processors

e Output enable tristates outputs

e  16-pin PDIP or SOIC package

e Frequency selects allow for a smooth transition of the
CPUCLK

Applications

Notebook/Palmtop Computers: The ICS9131 works with +3V
and +5V and a single 32.768 kHz crystal, making it the ideal
solution for generating clocks in portables with minimum
board space. The user can save power by using this single part
instead of oscillators or other frequency generators. The
ICS9131 further reduces the current consumption by having
the ability to completely shut down the individual clocks when
not in use, while still maintaining the separately powered
32.768 kHz clock.

32.768 kHz
crystal | Reference 14318 MHz | Ouput | 14318 MHz
Clock , Clock » Buffer
32.768 kHz <—— Generator

crystal -
OE
CPU Output

clock [ Buffer [ CPUCLK

Fs[0:2] T

Pentium is a trademark of Intel

1

STOPCLK

1CS9131RevB092794

C-41



1ICS9131

Pin Configuration Decoding Table for CPU Clock
FS2 | FS1 FSO CPUCLK ACTUALS
] U L 0 0 0 16 16.004
32kHz = 1 16 [~ FSO o | o | 1 25 25.059
- - 0 1 0 333 33.412
X2 2 15 FS1 0 1 1 40 40.095
x1 {3 14 |~ CPUCLK 1o o 50 50.119
1 0 1 60 60.142
VvDD32 =] 4 13 |~ VCC 1 1 0 66.6 66.484
| 131 1 1 1 80 80.190
VCC — 5 Cs913 12 |~ VSS
VSS =] 6 11 & STOPCLK
AGND = 7 10 | REFCLK
OE =} 8 9 I FS2
16-Pin PDIP or SOIC
K-4, K-6
Pin Descriptions
PIN NUMBER PIN NAME TYPE DESCRIPTION
1 32kHz OUTPUT 32.768 kHz output
2 X2 OUTPUT Connect 32 kHz crystal
3 X1 INPUT Connect 32 kHz crystal
4 VDD32 Power Supply for 32 kHz oscillator
5 VCC Power Supply (+3.3V - 5.0V)
6 VSS Ground
7 AGND Analog Ground
8 OE INPUT OE tristates outputs when low
9 FS2 INPUT CPU clock frequency select 2
10 REFCLK OUTPUT 14.318 MHz output
11 STOPCLK INPUT Stops CPU clock when low
12 VSS Ground
13 VCC Power supply (+3.3V - 5.0V)
14 CPUCLK OUTPUT CPU clock output (see Decoding table)
15 FS1 INPUT CPU clock frequency select 1
16 FSO INPUT CPU clock frequency select 0
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Recommended External Circuit

.

15—

Ics9131 % [
13

L
3276kHzEd $ 10 MHz

VDDX *
L | 1
01pF 0 1uF
- + "
VDD22MFL 0_1”Fl 12 e

¥
11 —

10 —
0 (—

>
0 ON nnlhdh W N =

Notes:
1) The external components shown should be placed as close to the device as possible.
2) Pins 5 and 13 should be connected together externally. One decoupling capacitor may suffice for both pins.
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Absolute Maximum Ratings

VDD referencedto GND ...................... v

Operating temperature underbias ............... 0°C to +70°C

Storage temperature .. ...........c..oiiiia.... -40°C to +150°C

Voltage on I/O pins referenced to GND. .......... GND -0.5V to VDD+0.5V
Power dissipation . ................ ... 0.5 Watts

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 at 5V
Operating VDD = +4.5V to +5.5V; Ta =0°C to 70°C unless otherwise stated

e e e DC Characteristics A

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage ViL - - 0.8 \%
Input High Voltage ViH 2.0 - - v
Input Low Current I VIN=0V - 6.0 15.0 HA
Input High Current I VIN=VDD 2.0 - 2.0 HA
Pull-up Resistor Rpu VIN=VDD-1V, Note 1 - 400 700 k ohms
Output Low Current IoL Vour=0.8V, Note 1 25 45 - mA
Output High Current Ion Vout=2.0V, Note 1 - -53 -35 mA
Output Low Voltage VoL |lor=10mA - 0.15 0.4 v
Output High Voltage VoH |loH=-30mA, Note 1 24 3.7 - \%
Supply Current Ipp No load, at 50 MHz - 18 35 mA
Output Frequency Change F4 With respect to typical - 0.002 0.05 %
over Supply and Temperature frequency, Note 1 -
Standby Supply Current IppsTDBY |Note 2, unloaded - 12 25 nA

Note 1: Parameter is guaranteed by design and characterization. Not 100% tested in production.
Note 2: With the STOPCLK pin low (active).
Note 3: Absolute Jitter measured as the shortest and longest period difference to the mean period of the sample set.




1CS9131

Electrical Characteristics at 5V
Operating VDD = +4.5V to +5.5V; Ta =0°C to 70°C unless otherwise stated

. . AC Characteristics A
Output Frequency fo Clock1, Note 1 12.0 - 100 MHz
Input Frequency fi Note 1 - 2.0 32 38 kHz
Output Rise time, 0.8 to 2.0V tr 15 pf load, Note 1 - 0.60 1.4 ns
Rise time, 20% to 80% VDD tr 15 pf load, Note 1 - 1.6 3.0 ns
Output Fall time, 2.0V to 0.8V tf 15 pf load, Note 1 - 0.50 1.2 ns
Fall time, 80% to 20% VDD tf 15 pf load, Note 1 - 0.9 2.5 ns
Duty cycle de 15 pf load, Note 1 45 50 55 %
Jitter, 1 sigma from Tiis 10,000 samples, Note 1 - 50 150 ps
33-80 MHz
Jitter, Absolute from Tjabs 10,000 samples, Notes 1, 3 -250 - 250 ps
33-80 MHz
Jitter, 1 sigma from Tis 60 150 ps
16-25 MHz
Jitter, Absolute from Tiabs -600 - 600 ps
16-25 MHz
Jitter, 1 sigma from Tps - 1 3 %
14 to below
Jitter, Absolute from Tjabs - 2% 5 %
14 to below
Frequency Transition time ti 2.0 5.0 10.0 mS
Power-up time tpu Note 1 3.0 75 15 mS

Note 1: Parameter is guaranteed by design and characterization. Not 100% tested in production.
Note 2: With the STOPCLK pin low (active).
Note 3: Absolute Jitter measured as the shortest and longest period difference to the mean period of the sample set.
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Electrical Characteristics at 3.3V
Operating VDD +3 3V to +3 7V; TA -0°C to 70°C unless otherw1se stated

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage VIL - - 0.2 vdd \%
Input High Voltage ViH 0.7 Vad - - v
Input Low Current I VIN=0V - 25 7.0 MA
Input High Current I VIN=VDD -2.0 - 2.0 HA
Pull-up Resistor Rpu VIN=VDD-1V, Note 1 - 600 900 k ohms
Output Low Current ToL Vourt=0.2V, Note 1 15 24 - mA
Output High Current Ion Vourt=0.7V, Note 1 - -13 -8 mA
Output Low Voltage VoL |loL=60mA - 0.05Vdd | 0.1 Vaa \Y%
Output High Voltage Von |loH=-4.0mA, Note 1 6.85Vdd | 0.94 Vaq - v
Supply Current Ipp No load, at 50 MHz - 13 25 mA
Output Frequency Change F4q With respect to typical - 0.002 0.05 %
over Supply and Temperature frequency, Note 1
Standby Supply Current IpDSTDBY |Note 2, No load - 8 15 mA
Output Frequency fo Clockl, Note 1 12.0 - 100 MHz
Input Frequency fi Note 1 2.0 32 38 kHz
Rise time, 20% to 80% Vpp tr 15 pf load, Note 1 - 22 35 ns
Fall time, 80% to 20% VpD tf 15 pf load, Note 1 - 1.2 2.5 ns
Duty cycle dt 15 pf load, Note 1 43 - 53 %
Jitter, 1 sigma Tiis 10,000 samples, Note 1 - 50 150 ps
Jitter, Absolute Tjabs 10,000 samples, Notes 1, 3 -250 250 ps
Jitter, 1 sigma from Tiis - 60 150 ps
16-25 MHz
Jitter, Absolute from Tjabs -600 - 600 ps
16-25 MHz
Jitter, 1 sigma from Tiis - 1 3 %o
14 to below
Jitter, Absolute from Tijabs - 2 5 P
14 to below
Frequency Transition time te 6.7 14.0 mS
Power-up time tpu Note 1 - 8.55 17.0 mS

Note 1: Parameter is guaranteed by design and characterization. Not 100% tested in production.
Note 2: With the STOPCLK pin low (active).
Note 3: Absolute Jitter measured as the shortest and longest period difference to the mean period of the sample set.
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Stop Clock Feature

The ICS9131 incorporates a unique stop clock feature compat-
ible with static logic processors. When the stop clock pin goes
low, the CPUCLK will go low after the next occuring falling
edge. When STOPCLK again goes high, CPUCLK resumes on
the next rising edge of the internal clock. This feature enables
fast, glitch-free starts and stops of the CPUCLK and is useful
in Energy Star motherboard applications.

CPUCLK ﬁ ‘ ‘ ‘

STOPC

32 kHz Supply Current
14 T
12+
10 +

0_

M?& /

0 1 2 3

Ordering Information
ICS9131N16 or ICS9131M16

Example:

1CS XXXX M

Package Type

N=DIP (Plastic)
M=SOIC

Prefix

Device Type (consists of 3 or 4 digit numbers)

ICS, AV=Standard Device; GSP=Genlock Device

C, =25pF
C,=15pF p(Pin1)
C. =0pF
t } {
4 S 6
ADVANCE INFORMATION contain on new pi n the
h f Cl data and other specifications are

or prep of
subject to change without notice
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Integrated
Circuit
Systems, Inc.

ICS9133X

Advance Information

32 kHz Motherboard Frequency Generator

General Description

The ICS9133X is designed to generate clocks for all 286, 386,
486, Pentium and RISC-based motherboards, including lap-
tops and notebook computers. The only external components
required are a 32.768 kHz crystal and decoupling capacitors.
The device generates the 14.318 MHz system clock, eliminat-
ing the need for a 14.318 MHz crystal. High performance
applications may require high speed clock termination compo-
nents. The chip includes three independent clock generators
plus the 32.768 kHz reference clock to produce all necessary
frequencies, including real time clock/DRAM refresh, master
clock, CPU clock, twice CPU clock frequency, keyboard
clock, floppy disk controller clock, serial communications
clock and bus clocks. Different frequencies from clocks #2 and
#3 can be selected using the frequency select pins, but clock
#1 will be at 14.318 MHz for all standard versions.

VDD32 Supply

The ICS9133X has a separate power supply for the 32.768 kHz
oscillator circuitry. This allows the 32 kHz clock to run from a
battery or other source while the main power to the chip is
disconnected. The VDD32 supply is guaranteed to operate
down to +2.0V, with the clock consuming less than 10pA at
+3.3V with the main VDD at OV.

The frequencies and power-down options in the ICS9133X are
mask programmable. Customer specific masks can be made
and prototypes delivered within 6-8 weeks from receipt of
order. Integrated Circuit Systems also offers standard versions,
such as that described in this data sheet.

Block Diagram

L4

Features

e Single 32.768 kHz crystal generates all PC motherboard
clocks

Cost-reduced version of popular ICS9132

3 independent clock generators

Generates CPU clocks from 12.5 to 100 MHz
Up to 7 output clocks

Separate VDD for 32 kHz clock

Output enable tristates outputs

Power-down options available

Operates from 3.3V or 5.0V supply

Operates up to 66 MHz at 3.3V

Skew controlled 2x and 2x CPU clocks
20-pin PDIP or SOIC package

® &6 o o o o o o ¢ o o

Applications

Notebook/Palmtop Computers: The ICS9133X works with
+3V and +5V and a single 32.768 kHz crystal, making it the
ideal solution for generating clocks in portables with minimum
board space. The user can save power by using this single part
instead of oscillators or other frequency generators. The
ICS9133X further reduces the current consumption by having
the ability to completely shut down the individual clocks when
not in use, while still maintaining the separately powered
32.768 kHz clock.

32.768 kHz e o
crystal Reference Clock Clock CPUCLK
Clock Generator Generator
32.768 kHz <@~ oc 1 2 [— 2xCPUCLK

14.318 MHz €—

Clock ]
Generator | Peripheral
3 Clocks

1CS9133XRevA092794
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Pin Configuration Decoding Table for CPU Clock
SCLK22 | SCLK21 | SCLK20 | 2XCPU CPU
32kHz 1T\ 20 }-SCLKO 0 0 0 8 4
= 0 0 1 16 8
X2 2 19 SCLK1 0 1 0 3 16
X1 — 3 18 |—SCLK2 0 1 1 40 20
_ - 1 0 0 50 25
VvDD32 4 é 17 CPU ] 0 1 66.6 333
VDD — 5 :“2 16 [—=2XCPU 1 1 0 80* 40*
. ) n 1 1 1 100* 50*
GND 6 8 15 VDD
16MHz - 7 = 14 —=GND * Only at 5V supply voltage
24MHz — 8 13 }—=14.318 MHz
12MHz 4 9 12 |—=VDD (VCCA)
GND —10 11 —OE
20-Pin PDIP or SOIC
K-4, K-7
Pin Descriptions
PIN NUMBER PIN NAME TYPE DESCRIPTION
1 32 kHz Output 32.768 kHz output
2 X2 Output Connect 32 kHz crystal
3 X1 Input Connect 32 kHz crystal
4 VDD32 - Power supply for 32 kHz oscillator only
5 VDD - Power supply (+3.3 to +5.0V)
6 GND - GROUND
7 16 MHz Output 16 MHz clock output
8 24 MHz Output 24 MHz clock output
9 12 MHz Output 12 MHz clock output
10 GND - GROUND
11 OE Input OE tristate outputs when low. Has internal pull-up.
12 VDD - Power supply (+3.3 to +5.0V)
13 14.318 MHz Output 14.318 MHz clock output
14 GND - GROUND
15 VDD - Power supply (+3.3 to +5.0V)
16 2XCPU Output 2XCPU clock output (see decoding table)
17 CPU Output CPU clock output (see decoding table)
18 SCLK2 Input CPU clock frequency SELECT?2. Has internal pull-up.
19 SCLK1 Input CPU clock frequency SELECT 1. Has internal pull-up.
20 SCLKO Input CPU clock frequency SELECTO. Has internal pull-up.
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Block Diagram for ICS9133X

32.768 kHz
crystal 2| Reference
Clock
32.768 kHz <€

3

r/— Frequency Select
14.318 MHz

t
sutors [ €7 . Clock - —3 2XCPU
Generator . > CPU Clock guftfput
T > uffers » CPU
l OE
14.318 MHz
—> — 16 MHz
L——3| Peripheral > Output
Clocks Buffers » 12 MHz
—>> ——3 24 MHz

Recommended External Circuit

O] 1 \_/20 N
wE g2 D
_ x
VDDX o 11 4 g 17 [
v 5 g el
T ge Qo 15[y,
O 7 14~
] s 13 [
09 12 -
10 M~

NOTES:

1. The external components shown should be placed as close to the device as possible.
2. Pins 5 and 15 should be connected together externally. One decoupling capacitor may suffice for both pins.
3. May be part of system decoupling.
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Absolute Maximum Ratings

VDD referencedtoGND ...................... v

Operating temperature underbias ............... 0°C to +70°C

Storage temperature . ......................... -40°C to150°C

Voltage on I/O pins referenced to GND. . ......... GND -0.5V to VDD +0.5V

Power dissipation ................ .. ... oL 0.5 Watts

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

VD = +3.0 to 3.7V, Ta=0°C to 70°C unless otherwise stated

. S " DC Characteristics

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage VIL - - 0.2VpDp \
Input High Voltage ViH 0.7Vpp - - \%
Input Low Current I ViN=0V (Pull-up) - - 12 LA
Input High Current In VIN=VDD - - 2 nA
Output Low Voltage VoL IoL=4mA - - 0.1 \
Output High Voltage VoH Iop=-1mA Vpp-.1V - - \'
Output High Current Vos IOH=-4mA - - - \%
Output High Current Von IOH=-8mA 2.4 - - \
Output Frequency Change Fp With respect to typical - .005 0.05 %
over Supply and frequency
Temperature
Short circuit current Isc Each output clock - 15 - mA
Supply Current Icc No load, 40 MHz - 10 - mA
Pull-up resistor value Rpu - 620 - kQ
T " AC Characteristics ) '
Input Clock Rise Time ticr - - 5 us
Input Clock Fall Time tict - . 5 Us
Output Rise time, 0.8 to 2.0V tr 15 pf load - 1.5 2 ns
Rise time, 20% to 80% VDD tf 15 pf load - 2.5 4 ns
Output Fall time, 2.0 to 0.8V tf 15 pf load - 1.5 2 ns
Fall time, 80% to 20% VDD tf 15 pf load - 2.5 4 ns
Duty cycle dt 15 pf load 43/57 48/52 57/43 %
Duty cycle, reference clocks dt 15 pf load, Note 1 40/60 43/57 60/40 %
Jitter, one sigma As compared with - 1 3 %
Jitter, absolute tiab clock period. R 2 5 %
Input Frequency fi 25 32.768 40 kHz
Clock skew between any Tsk - 100 500 ps
Clock #2 outputs
Power-up time tpu From off to 40 MHz - 1,000 - ms

NOTE 1: 32 kHz output duty cycle is dependent on crystal used.
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Electrical Characteristics
VDD = +5V+10%, TA=0°C to 70°C unless otherwise stated

DC Characteristics
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS

Input Low Voltage VIL - - 0.2Vpp \
Input High Voltage VI 0.7Vpp - - v
Input Low Current I VIN=0V (Pull-up) - - 15 LA
Input High Current Ity VIN=VDD - - 2% A
Output Low Voltage VoL IoL=4mA - - 0.1 v
Output High Voltage VoH IoH=-1mA Vpp-.1V - - \'
Output High Voltage VoH IoH=-4mA - - - \'
Output High Voltage Vou Iog=-8mA 24 - - \%
Output Frequency Change over Fp With respect to typical - .005 0.05 %o
Supply and Temperature frequency
Short circuit current Isc Each output clock - 33 - mA
Supply Current Icc No load, 40 MHz - 17 - mA
Pull-up resistor value Rpu Note 1 - 380 - kQ

AC Characteristics
Input Clock Rise Time tiCr - - WUs
Input Clock Fall Time tict - - 5 Us
Output Rise time, 0.8 to 2.0V tr 15 pf load - 1 1.5 ns
Rise time, 20% to 80% VDD tr 15 pf load - 2 3 ns
Output Fall time, 2.0 to 0.8V tf 15 pf load - 1 1.5 ns
Fall time, 80% to 20% VDD tf 15 pf load - 2 3 ns
Duty cycle d 15 pf load 43/57 48/52 57/43 %
Duty cycle, reference clocks d 15 pf load, Note 1 40/60 43/57 60/40 %
Jitter, one sigma tiis As compared with clock - 1 3 %
Jitter, absolute tjab period - 2 5 %
Input Frequency fi 25 32.768 40 kHz
Clock skew between any Tsk - 100 500 ps
Clock #2 outputs
Power-up time tpu From off to 40 MHz - 10 - ms

NOTE 1: 32 kHz output duty cycle is dependent on crystal used.
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32 kHz Supply Current
14
2T C, =25pF
10 T Cx. = l5pF
kA 8T C. =OpF
6 —+
4 —
2 .
0t : - + } :
0 1 2 3 4 5 6

Ordering Information
ICS9133XN20 (DIP) or ICS9133XM20 (SOIC)

Example:

ICS XXXX M

Package Type
N=DIP g_’lastic)
=SOI

Device Type (consists of 3 or 4 digit numbers)
Prefix
ICS=Standard Device
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1CS9134-06
1ICS9134-07

Advance Information

32 kHz Motherboard Frequency Generator

General Description

The 1CS9134-06 and 1CS9134-07 are designed to generate
clocks for all 286, 386, 486, Pentium and RISC-based mother-
boards, including laptops and notebook computers. The only
external components required are a 32.768 kHz crystal and
decoupling capacitors. The device generates the 14.318 MHz
system clock, eliminating the need for a 14.318 MHz crystal.
High performance applications may require high speed clock
termination components. The chip includes three independent
clock generators plus the 32.768 kHz reference clock to pro-
duce all necessary frequencies, including real time
clock/DRAM refresh, master clock, CPU clock, keyboard
clock, floppy disk controller clock, serial communications
clock and bus clocks. Different frequencies from clocks #2 can
be selected using the frequency select pins, but clock #1 will
be at 14.318 MHz for all standard versions.

VDD32 Supply

The ICS9134-06 and ICS9134-07 have a separate power
supply for the 32.768 kHz oscillator circuitry. This allows the
32 kHz clock to run from a battery or other source while the
main power to the chip is disconnected. The VDD32 supply is
guaranteed to operate down to +2.0V, with the clock consuming
less than 10pA at +3.3V with the main VDD at OV.

The frequencies and power-down options in the ICS9134-06
and ICS9134-07 are mask programmable. Customer specific
masks can be made and prototypes delivered within 6-8 weeks
from receipt of order. Integrated Circuit Systems also offers
standard versions, such as that described in this data sheet.

Block Diagram

Features

e Ipp <10 pA when 32 kHz is running

Single 32.768 kHz crystal generates all PC motherboard
clocks

3 independent clock generators

Generates CPU clocks from 4.0 to 80 MHz
Up to 5 output clocks

Separate VDD for 32 kHz clock
Power-down options available

Operates from 3.3V or 5.0V supply
Operates up to 66 MHz at 3.3V

Supports OPTi 80C463/5 and Fir™ chipsets
16-pin, 300 mil, SOIC package

® ¢ o o o o o o o

Applications

Notebook/Palmtop Computers: The ICS9134-06 and
ICS9134-07 work with +3.3V and +5V and a single 32.768
kHz crystal, making it the ideal solution for generating clocks
in portables with minimum board space. The user can save
power by using this single part instead of oscillators or other
frequency generators. The ICS9134-06 and 1CS9134-07 fur-
ther reduce the current consumption by having the ability to
completely shut down the individual clocks when not in use, while
still maintaining the separately powered 32.768 kHz clock.

VDD32
32768 kHz L |
= CLOCK CLOCK
crystal ST REEE?)EﬁCE GENERATOR GENERATOR = CPUCLK
32768 kHz < ! 2
14.318 MHz
CLOCK
GENERATOR = pERIPHERAL
3 CLOCKS
Frisa of Picopower Corporation
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ICS9134-07
Pin Configuration Decoding Table for CPU Clock
U CPUS2 CPUS1 CPUSO CPUCLK (MHz)
CPUS2 — 1 16 — CPUS1 0 0 0 Off+14M off
0 0 1 80.00
X2 — 2 15 — CPUSO 0 ) 0 25.00
X1 — 3 14 — CPUCLK 0 1 1 66.66
voDs2 —| 4 & 13— VDD ! 0 0 20.00
g g 1 0 1 50.00
VDD —1 5 5 5 12 — GND 1 1 0 33.33
GND — 6 B8 11— 143M 1 ! ! 4.00
24M — 7 10 [— PD24+KDB* ICS9134 Option
32K — 8 9 — KBOUT KEYBOARD CLOCK -06 -07
KBOUT 16 MHz 12 MHz
16-Pin SOIC
K-6
Pin Descriptions
PIN NUMBER | PIN NAME TYPE DESCRIPTION
1 CPUS2 I Select 2 for 2XCPU and CPU frequencies. See Table above.
2 X2 (6] Crystal connection. Connect to 32.768 kHz crystal.
3 X1 I Crystal connection. Connect to 32.768 kHz crystal.
4 VDD32 P Separate power supply connection for 32.768 kHz clock. Will operate
to 2.0V.
5 VDD P Connect to +3.3V or +5V.
6 GND P Connect to ground.
7 24M (@) 24 MHz floppy (or super 1/O) clock output.
8 32K O 32.768 kHz square wave clock output.
9 KBOUT (0] Keyboard clock output, fixed 16 MHz (-06) or 12 MHz (-07).
10 PD24+KBD* I Power-down 24M-+keyboard. Shuts off both clock outputs, pins 7 & 9
when low.
11 14.3M (6] 14.318 MHz system clock output.
12 GND P Connect to ground.
13 VDD P Connect to +3.3V or +5V.
14 CPUCLK (6] CPUCLK output. See Table above.
15 " |cPUSO I Select 0 for 2XCPU and CPU frequencies. See Table above.
16 CPUS1 I Select 1 for 2XCPU and CPU frequencies. See Table above.
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Absolute Maximum Ratings

VDD referencedtoGND ...................... v
Operating temperature under bias ............... 0°C to 70°C
Storage temperature . .. ..............eniann... -40°C to +150°C
Voltage on I/O pins referenced to GND. .......... GND -0.5V to VDD +0.5V
Power dissipation . ............ ... . ... ... 0.5 Watts
Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating C

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

VoD = +3.0 to 3.7V, Ta=0°C to 70°C unless otherwise stated

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage VL - - 0.2Vpp \'
Input High Voltage Vi 0.7VDpD - - \'
Input Low Current I Vin=0V - -7 -15 LA
Input High Current IiH VIN=VDD -2 - 2 UA
Output Low Voltage VoL IoL=6mA, Note 1 - - 0.1 \'
Output High Voltage Vou Ion=-4mA, Note 1 0.85VpD 0.9VpDp - v
Output Low Current IoL VorL=0.2VDD, Note 1 15 24 - mA
Output High Current Ion Vou=0.7VDD, Note 1 - -13 -8 mA
Supply Current Icc No load @ 33 MHz - 9 17 mA
Supply Current Icc No load @ 66.6 MHz - 12 24 mA
VbD32 Supply Current Ipp32  |No load - 4.6 12 HA
Pull-up Resistor Value Rpu Note 1 370 530 650 k ohm
) A e S .ol 7" AC Characteristics .- ST L el
Rise Time 0.8 to 2.0V tr 15pf load, Note 1 - 1.5 2 ns
Fall Time 2.0 to 0.8V tf 15 pf load, Note 1 - 1.5 2 ns
Rise to 20% to 80% tr 15pf load, Note 1 2 2.5 3.5 ns
Fall Time 80% to 20% tf 15pf load, Note 1 2 25 3.5 ns
Duty Cycle dt 15pf load, Note 1 40 50 55 %
Jitter, One Sigma tiis As compared with - 1 2 %o
Jitter, Absolute tiyp  |clock period. Note 1 - 2 55 %
Input Frequency fi Note 1 25 32.768 40 kHz
Power-up Time tpu Off to 33.3 MHz, Note 1 - 4 8 ms
Transition Time tfe 4 to 66.6 MHz, Note 1 - - 4.8 ms

NOTE 1: Parameter guaranteed by design and characterization. Not 100% tested in production.
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Electrical Characteristics

Vpp = +5V+10%

=0°C to

PARAMETER SYMBOL | TEST CONDITIONS MIN
Input Low Voltage ViL -
Input High Voltage VH 2 - - v
Input Low Current I VIN=0V - -10 =22 A
Input High Current In VIN=VDD -2 - 2 MA
Output Low Voltage VoL IoL=10mA, Note 1 - 0.15 04 A\
Output High Voltage Von Ion=-30mA, Note 1 2.4 3.7 - v
Output Low Current IoL VoL=0.8V, Note 1 25 45 - mA
Output High Current Ion Vou=2.0V, Note 1 - -58 -35 mA
Supply Current Icc No load @ 33 MHz 15 28 ‘mA
Supply Current Icc No load @ 80 MHz - 22 35 mA
Vpp32 Supply Current Ipp32  |Noload - 75 20 HA
Pull-up Resistor Value Note 1

680

Rise Time 0.8 to 2.0{’

15pf load, Note 1

tr

Fall Time 2.0 to 0.8V tf 15 pf load, Note 1

Rise to 20% to 80% tr 15pf load, Note 1

Fall Time 80% to 20% tf |15pf load, Note 1

Duty Cycle de 15pf load, Note 1

Jitter, One Sigma tiis As compared with - 1 2 %
Jitter, Absolute tjab clock period. Note 1 - 2 5 %
Input Frequency fi Note 1 25 32.768 40 kHz
Power-up Time tpu Off to 80 MHz, Note 1 - 7 14 ms
Transition Time tf 4 to 80 MHz, Note 1 - - 5 ms

NOTE 1: Parameter guaranteed by design and characterization. Not 100% tested in production.
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Recommended External Circuit

—1 U 16 —
32.768 kHz £5 2 15—
crystalhk |—=_____ | 3 14 — Notes:
O N~
P=X=) | 1) The external components shown should be
vbD 0.1uF i I 4 g' g' 13 ] I]j 0.1uF placed as close to the device as possible.
VDD 5 12
2.2}1Fi 0.1uF i ‘5’) é 2) Pins 5 and 13 should be connected together
(Note 3) —6 00 11 — externally. One decoupling capacitor may
—7 -= 10 suffice for both pins.
—8 9 3) May be part of system decoupling.
32 kHz Supply Current
14
12 C, =25pF
10 C, = 15pF
HA E C. =O0pF
4 e
2 —+
0 - | il ! Il ! |
T T T T T 1
0 i 2 3 4 5 6

vdd
Ordering Information

ICS9134-06M or 1CS9134-07M

Example:

ICS XXXX-PPP M

Package Type
M=SOIC

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device

ADVANCE INFORMATION contain on new pi in the
or prep phase of Cli data and other specifications are
subject to change without notice
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AV9154A

Low-Cost 16-Pin Frequency Generator

General Description

The AV9154A is a 0.8y version of the industry leading
AV9154. Like the AV9154, the AV9154A is a low-cost fre-
quency generator designed for general purpose PC and disk
drive applications. However, because the AV9154A uses 0.8u
technology and the latest phase-locked loop architecture, it
offers performance advantages that enable the device to be sold
into Pentium™ systems.

The AV9154A guarantees a 45/55 duty cycle over all frequencies.
In addition, a worst case jitter of +250ps is specified at Pentium
frequencies.

The CPU clock offers the unique feature of smooth, glitch-free
transitions from one frequency to the next, making this the
ideal device to use when slowing the CPU speed. The
AV9154A makes a gradual transition between frequencies so
that it obeys the Intel cycle-to-cycle timing specifications for
486 and Pentium systems.

The AV9154A-42 and AV9154A-43 devices offer features
specifically for green PCs. The AV9154A-42 and -43 have a
single pin that, when pulled low, will smoothly slow the
2XCPU clock to 8 MHz. This is ideal for dynamic DX
microprocessors. The AV9154A-43 not only has the slow
clock feature, but also offers a glitch-free stop clock for static
SX microprocessors. The STOPCLK pin, when pulled low,
enables the 2XCPU clock to go low only after completing its
last full cycle. The clock continues to run internally, and will
be output again on the first full cycle immediately following

Features

Compatible with 386, 486 and Pentium CPUs

45/55 Duty cycle

Runs up to 66 MHz at 3.3V

Single pin can slow clock to 8 MHz (on -42 and -43)

Single pin can stop the CPU clock glitch-free (on -43)

Very low jitter, £250ps for Pentium frequencies

e 1X and 2X CPU clocks skew controlled to +250ps
(-42 only)

e Smooth transitions between all CPU frequencies

e  Slow frequency ramp at power-on avoids CPU lock-up

e 16-pin PDIP or 150 mil skinny SOIC packages

e 0.8y CMOS technology

Applications

Computer motherboards: The AV9154A replaces crystals and
oscillators, saving board space, component cost, part count and
inventory costs. It produces a switchable CPU clock and up to
four fixed clocks to drive floppy disk, communications, super
I/O, Bus, and/or keyboard devices. The small package and
3.3V operation is perfect for handheld computers.

For specific applications of AV9154A devices, consult the
following table:

stop clock disable. DEVICE APPLICATION
The simultaneous 2X and 1X CPU clocks offer controlled AV9154A-27 Pemfum and 482 systems
skew to within 500ps of each other (-42 only). AVO154A42 Pentium and 486 systems
L . - Dynamic green PC systems
ICS.has been sh'lppmg moth'elboard frequency generators since Pentium and 486 systems
April 1990, and is the leader in the area of multiple output clocks AV9154A-43 Dynamic or static green PC systems
on a single chip. Consult ICS for all your clock generation needs. £ al
: D Gl AGND
Block Diagram V'I P
SLOWCLK* (-42, -43]—»? o -
STOPCLK* (43—} s
FS02 — . — ouTUT —— 2xCPU
14318 MHz cLocK BUFFERS
CRYSTAL — —> —+—> CPU (-420nty)
% | REFERENCE {
1;1/.&;8 < CLock > —+—> KBCLK

; PERPHERAL  (—> ouTPUT o

i — |

clock |  BUFFERS K LK (27er

OE (27 cnly)

Pentium is a trademark of intel Corporation
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Pin Configuration

C

C

C

184MHz —| 1 16 — Fso FSO — 1 16 — FS1 Fso —1 16 |— FS1
X2 — 2 15 |— Fgq X2 — 2 15, |— SLOWCLK x2 —2 15 |— SLOWCLK
X1 —3 14 — 2XCPUCLK X1 —38 o 14 —2XCPUCLK X1 —3 4 14 |— 2XCPUCLK
N < <
vDD —{4 & 13 — vDD vDD —4 & 13 —VDD VDD —4 g 13 — VDD
GND — 5 § 12 - aND GND—5 B 12 |—GND GND — 5 ‘3_ 12 |— GND
24MHz —6 & 11— 14318 MHz 24 MHz —{ 6 2 11 —CPUCLK 24MHz — 6 & 11 |~ 14318MHz
12MHz — 7 < 10 — Fs2 smHz —7 T 10— 14318 MHz 8MHz —{7 < 10 | Fs2
AGND —| 8 9 — OE AGND — 8 9 —Fs2 AGND — 8 9 |— STOPCLK
16-Pin PDIP or SOIC 16-Pin PDIP or SOIC 16-Pin PDIP or SOIC
AV9154A-27 AV9154A-42 AV9154A-43
K-4, K-6 K-4, K-6 K-4, K-6
Description of new pin: Description of new pins:
SLOWCLK forces SCOWCLK forces 2XCPUCLK
2XCPUCLK output to output to ramp smoothly to 8 MHz
ramp smoothly to 8 when pulled low. STOPCLK pro-
MHz and CPUCLK out- vides glitch-free stop of the
put to 4 MHz when 2XCPUCLK output when pulled
pulled low. low. When raised back high, the
2XCPUCLK output clock resumes
full speed operation (no clock fre-
quency ramp up since the internal
VCO is not stopped).
J
Fso 1 16 — Fst 8MHz — 1 16 |— Fso
X2 —2 15 — 2XCPUCLK X2 —2 15— Fs1
X1 — 3 T 14 |— CPUCLK Xt —{8 o 14— CPUCLK
VDD —4 g 13— VDD VDD — 4 E 13 — vbD
GND —5 B 12— GND GND—5 B 12\— GND
24MHz —6 @ 11 |— 14318 MHz 16MHz —6 & 11— 24MHz
8MHz —7 < 10 — FS2 1.84 MHz — 7 < 10 — 14.318 MHz
AGND —{ 8 9 — PD AGND — 8 9 — PDFCLK
. * Active Lo .
16-Pin PDIP or SOIC o ™ 16-Pin PDIP or SOIC
AV9154A-04 FSO — 1 16 — Fs1 AV9154A-10
K-4, K-6 X2 —{ 2 15 — 2XCPUCLK K-4, K-6
Xt—38 o 11— CcPucLK
o
vDb —4 g 13— vDD
GND — 5 § 12— GND
24 MHz —{ 6 % 1 — 14,318 MHz
12MHz 7 —Fs2  16-Pin PDIP or SOIC
AGND — 8 9 —oE AV9154A-26
K-4, K-6
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Stop Clock Feature

The ICS9154A-43 incorporates a unique stop clock feature
compatible with static logic processors. When the stop clock
pin goes low, the 2XCPUCLK will go low after the next
occurring falling edge. When STOPCLK again goes high,
2XCPUCLK resumes on the next rising edge of the internal
clock. This feature enables fast, glitch-free starts and stops of
the 2XCPUCLK and is guaranteed that the CPU does not
receive any short period clocks.

2XCPUCLK

STOPCLK* - -
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Pin Descriptions
(Frequencies based on 14.318 MHz input)

PIN NUMBER PIN

4 | 0] 26 | 27 | 42 | -43 NAME TYPE DESCRIPTION

4 4 4 4 4 4 |VDD P Digital power (+3.3 or +5V)

13 13 13 13 13 13 |VDD P Digital power (+3.3 or +5V)

5 5 5 5 5 5 |GND P Digital ground

12 12 12 12 12 12 |GDD P Digital ground

8 8 8 8 8 8 |AGND P Analog ground

16 1 16 1 1 |FSO 1 Frequency select 0 for CPU clock

(has internal pull-up)*

16 15 16 15 16 16 |FS1 1 Frequency select 1 for CPU clock
(has internal pull-up)*

10 - 10 10 9 10 |FS2 1 Frequency select 2 for CPU clock
(has internal pull-up)*

- - 9 9 - - |OE 1 Tristates outputs when low (has internal pull-up)*

- - - - 15 15 |SLOWCLK 1 Slows 2XCPU clock to 8 MHz (active low)
(has internal pull-up)

- - - - - 9 |STOPCLK I Stops 2XCPU clock glitch-free (active low)
(has internal pull-up)
3 3 3 3 3 3 X1 1 Crystal In
X2 (@) Crystal Out
11 10 11 11 10 11 |14.318 MHz (0] 14.318 MHz reference clock output
- 7 1 - - |1.84 MHz (6] 1.84 MHz (comm) clock output
6 11 6 6 6 6 |24 MHz (¢] 24 MHz (floppy disk) clock output
- 6 - - - - |16 MHz (¢] 16 MHz clock output
- - 7 7 - - |12MHz (6] 12 MHz keyboard clock output
7 1 - - 7 7 |8 MHz (0] 8 MHz keyboard clock output
14 14 14 - 11 - |CPUCLK (¢] CPU clock output
15 - 15 14 14 14 |2XCPUCLK (0] 2X CPU clock output
9 - - - - - |PD 1 Power-Down All (active low) (has internal pull-up)
- 9 - - - - |PDFCLK 1 Power-Down Fixed Clock (1.84, 8, 16, 24)

(active low)**

Internal Pull-up Resistors

* -04 and -10 have no pull-ups or frequency select pins
** 10 has no pull-up or Pin 9 PDFCLK
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Clock Tables
(using 14.318 MHz input, all frequencies in MHz)
FS2 FS1 FSO -27 -42 -43
2XCPUCLK IXCPUCLK CPUCLK 2XCPUCLK
0 0 0 75* 16 8 16
0 0 1 32 40 20 40
0 1 0 60 33.33 16.67 33.33
0 1 1 40 25 12.50 25
1 0 0 50 60 30 60
1 0 1 66.66 20 10 20
1 1 0 80* 66.66 33.33 66.66
1 1 1 52 50 25 50
Actual Frequencies
(using 14.318 MHz input, all frequencies in MHz)
27 42 -43
FS2 FS1 FSO 2CPUCLK 2XCPUCLK CPUCLK 2XCPUCLK
0 0 0 75.17* 16.00 8.00 16.00
0 0 1 31.94 40.09 20.05 40.09
0 1 0 60.14 33.41 16.71 3341
0 1 1 40.09 25.06 12.55 25.06
1 0 0 50.11 60.14 30.07 60.14
1 0 1 66.48 20.05 10.03 20.05
1 1 0 80.18* 66.48 33.24 66.48
1 1 1 51.90 50.11 25.06 50.11
* (5V only)
Fixed Clock Clock Tables in MHz Clock Table for AV9154A-26
Output Actual for -04 and -10 2XCPU CPUCLK
Frequencies (operating at 3V) FS(2:0) (MHz) (MHz)
(using 14.318 MHz input, -04 -10 0 100.23* 50.11
all frequencies in MHz) FS(3:0) 2XCPU| CPU |CPUCLK 1 80.18* 40.09
14318 0| 100 | s0* | PpCPU ; Soal | 2506
1.84 1| sor | 40+ | 40 4 40.09 20.05
24.0 2 66.6% | 33.3% 50 5 32.22 16.11
12.0 6 24.23 12.12
3 50 | 25 | 666* 7 15.75 7.88
8.0 4 40 | 20 -
5 32 16 -
6 24 12 -
*These selections will only oper- 7 16 3 _
ate at 5V.
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Absolute Maximum Ratings

VDD referencedtoGND ...................... v

Voltage on I/O pins referenced to GND. .......... GND -0.5V to VDD +0.5V
Operating temperature underbias ............... 0°C to +70°C

Power dissipation ................ ... ... .. ..., 0.5 Watts

Storage temperature . ...........oiiiiiiien. -40° to +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 at 3.3V
VDD = +3.3V+10%, Ta=0°C to 70°C unless otherwise stated

-DC Characteristics

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage ViL 0.2 Vbp \4
Input High Voltage Vi 0.7 Vbp A\
Input Low Current I VIN=0V (pull-up pin) 2.5 7.0 HA
Input High Current I VIN=VDD -5.0 5.0 UA
Output Low Voltage VoL |loL=6mA 0.05 Vpbp 0.1 Vpp \%
Output High Voltage! VoH Iog=-4mA 0.85 Vpp | 0.94 VDD \
Output Low Current! IoL VorL=0.2VDDp 15.0 24 mA
Output High Current! Ion |Vou=0.7Vpp -13 -8.0 mA
Supply Current IpD Unloaded, 60 MHz 16 34 mA
Output Frequency Change Fp With respect to typical 0.002 0.01 %
over Supply and Temperature! frequency
Short circuit current! Isc Each output clock 20 30 mA
Input Capacitance! Ci Except X1, X2 10 pF
Load Capacitance! CL Pins X1, X2 20 pF
Pull-up Resistor! Rpu  |at VDD -0.5V 620 900 k ohm

NOTES:

1 Parameter is guaranteed by design and characterization.
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Electrical Characteristics at 3.3V

VDD = +3.3V+10%, Ta=0°C to 70°C unless otherwise stated
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Clock Rise Time! ticr 20 ns
Input Clock Fall Time! tice 20 ns
Rise time, 20% to 80% Vpp! tr 15pf load - 22 3.5 ns
Fall time, 80% to 20% Vpp! tf 15pf load - 1.2 2.5 ns
Duty cycle at 50% Vpp! dt 15pf load 40/60 48/52 60/40 %
Duty cycle, reference clocks! d¢ 15pf load 50/65 43/57 65/50 %
Jitter, one sigma, 20-66 MHz tjls 10,000 cycles 100 200 ps
clocks!
Jitter, one sigma, clocks tls 10,000 cycles 1.0 2.0 %
below 20 MHz!
Jitter, absolute, 20-66 MHz tjab 10,000 cycles -350 350 ps
clocks!
Jitter, absolute, tjab 10,000 cycles 1.5 4.0 %
clocks below 20 MHz!
Input Frequency! fin 2 14.318 32 MHz
Maximum Output Frequency! fout 70 MHz
Clock skew between CPU and Tsk AV9154A-42 220 500 ps
2XCPU outputs!
Power-up Time! ttpo  |off to 50 MHz 6 12 ms
Frequency Transition Time! th from 8 to 50 MHz 4.5 10 ms
NOTES:

1 Parameter is guaranteed by design and characterization, not subject to production testing.
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Electrical Characteristics at 5V
Vpp = +5V+10%, TA=Q°C to 70°C unless otherwise stated

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage VIL Vpp=5V 0.8 \4
Input High Voltage ViH Vpp=5V 2.0 \%
Input Low Current I VIN=0V (pull-up pin) 6 15 LA
Input High Current Iy VIN=VDD -5 5 HA
Output Low Voltage VoL |loL=10mA 0.15 04 v
Output High Voltage! Vou |lor=-30mA 2.4 3.7 \
Output Low Current! Io. |VoL=0.8 25 45 mA
Output High Current! Iou |Vou=24V -53 -35 mA
Supply Current IpD Unloaded, 66 MHz 25 50 mA
Output Frequency Change Fp With respect to typical 0.002 0.01 %
over Supply and Temperature! frequency
Short circuit current! Isc Each output clock 25 40 mA
Input Capacitance! Cr Except X1, X2 10 pF
Load Capacitance! CL Pins X1, X2 20 pF
Pull-up Resistor! Rpu A+Vpp -1V 400 700 k ohm

NOTES:

1 Parameter is guaranteed by design and characterization, not subject to production testing.
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Electrical Characteristics at 5V
VDD = +5V+10%, Ta=0°C to 70°C unless otherwise stated

AC Characteristics
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Clock Rise Time! ticr 20 ns
Input Clock Fall Time! tict 20 ns
Output Rise time, 0.8 to 2.0V tr 15pf load - 1.5 2 ns
Rise time, 20% to 80% VDp! tr 15pf load - 2.0 3 ns
Output Fall time, 2.0 to 0.8V tf 15pf load - 0.5 1.5 ns
Fall time, 80% to 20% Vpp! tf 15pf load - 2.0 3.0 ns
Duty cycle at 1.4V! dt 15pf load, VDD=5V+5% 45/55 48/52 55/45 %
Duty cycle, reference clocks! dt 15 pf load 40/65 43/57 65/40 %
Jitter, one sigma, 20 MHz- tis 10,000 cycles 70 140 ps
80 MHz clocks!
Jitter, one sigma, tils 10,000 cycles 0.8 2.0 % o
clocks below 20 MHz!
Jitter, absolute, 20 MHz- tjab 10,000 cycles -250 250 ps
80 MHz clocks!
Jitter, absolute, tjab 10,000 cycles 1.0 3.0 %
clocks below 20 MHz!
Input Frequency fin 2 14.318 32 MHz
Maximum Output Frequency! fout 140 MHz
Clock skew between CPU and Tsk AVI154A-42 140 400 ps
2XCPU outputs!
Power-up Time! ttpo  |to 80 MHz 8 15 ms
Frequency Transition Time! th from 8 to 66.66 MHz 6.5 12 ms
NOTES:

1 Parameter is guaranteed by design and characterization, not subject to production testing.

Ordering Information

AV9154A-42CN16  AV9154A-26CN16 AV9154A-42CM16 AV9154A-26CM16

AV9154A-43CN16  AV9154A-10CN16 AV9154A-43CM16  AV9154A-10CM16

AV9154A-27CN16  AV9154A-04CN16 AV9154A-27CM16  AV9154A-04CM16
Example:

ICS XXXX-PPP M X#W

I—- Lead Count & Package Width
Lead Count=1, 2 or 3 digits
‘W=.3” SOIC or .6” DIP; None=Standard Width
Package Type
N=DIP (Plastic)
M=SOIC
Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device
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Integrated
Circuit
Systems, Inc.

AV9154A-06
AV9154A-60

OPTi Notebook Frequency Generator

General Description

The AV9154A-06/60 is a low cost frequency generator de-
signed for general purpose PC and disk drive applications. Its
CPU clocks provide all necessary frequencies for 286, 386 and
486 systems, including support for the latest speeds of proces-
sors. The standard devices use a 14.318 MHz crystal to gener-
ate the CPU and peripheral clocks for integrated desktop and
notebook motherboards.

The AV9154A-06 and AV9154A-60 are specifically designed
for use with OPTi core logic chip sets. The only noticeable
difference between the two parts is in their CPU clock selection
tables as shown on page three.

The AV9154A-06 and AV9154A-60 can operate at 5.0V+10%
or 3.3V+10%, but the CPU frequencies are limited (see the
asterisks on the selection tables on page three) during 3.3V
operation. The parts have two power-down pins. One shuts off
the CPU clock to a low state when the power-down pin is taken
high, and the other turns off the 14.318 MHz output in the same
manner.

Block Diagram

Features

Compatible with 286, 386, and 486 CPUs

Up to 66.6 MHz (-60) or 80 MHz (-06) CPU clocks
All loop filter components internal

3V and 5V operation

16-pin 150 mil SOIC

Power-down control of CPU clock

Applications

Computer Motherboards: The AV9154A-06/60 replaces crys-
tals and oscillators, saving board space, component cost, part
count and inventory costs. It produces switchable CPU clock
and up to four fixed clocks to drive floppy disk, communica-
tions, super I/O, bus and/or keyboard devices. The small pack-
age and 3V operation is perfect for handheld computers.

VDD GND
Y i —— l
FS0-2 f — - |
4 CPU OUTPUT
PDCPUCLK t > RyeH — BUFFER —|—>cpucu(
| - |
' |
14318 MHz 5§ | | REFERENCE _‘
OUTPUT
Crystal =4 CLOCK BUEFER —{—}24 MHz
14.318 MHz | 3| PERIPHERAL I
PD 14 | CLOCKS |
l OUTPUT
L3 125 kH
| BUFFER | 8 kHz
! |

[Avo154a-06/60RevAQO2794 |
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AV9154A-06
AV9154A-60

Pin Configuration

Clock Tables for AV9154A-06/60
(in MH2)

-06 -60
FSo—11 ~ 16 Fs1 FS(2:0) CPUCLK CPUCLK
X271 2 15 [~ FS2 0 16 8
X1 = 3 oo 14 CPUCLK 1 20 16
. o® _ 2 25 20
VDD = 4 &4 13~ VDD 3 3333 25
GND={ 5 33 12~ GND 4 40 33.33
24MHz —{ 6 22 11 |- 14318 MHz 5 50 a0
23 : 6 66.66 50%
128kHz — 7 10 = PDCPUCLK 7 80%* 66.66*
AGND — 8 9 —~ PD14
Actual Output Frequencies
16-Pin SOIC (in MHz)
K-6
-06 -60
FS(2:0) CPUCLK CPUCLK
0 16.11 8.182
1 20.05 16.11
2 25.06 20.05
3 33.24 25.06
4 40.09 33.24
5 50.11 40.09*
6 66.48 50.11%*
7 80.18* 66.48*
Pin Descriptions
PIN NUMBER PIN NAME TYPE DESCRIPTION
1 FSO 1 Frequency Select 0 for CPUCLK
2 X2 [6) Crystal out. Connect a 14.318 MHz crystal to this pin.
3 X1 I Crystal in. Connect a 14.318 MHz crystal to this pin.
4 VDD P Digital Power (+3.3V or +5V)
5 GND P Digital Ground
6 24 MHz [6) 24 MHz clock output
7 128 kHz (6] 128 kHz clock output
8 AGND P Analog Ground
9 PD14 1 Power-down 14.318 MHz output (active high)
10 PDCPUCLK 1 Power-down CPu clock (active high)
11 14.318 MHz o 14.318 MHz reference clock output
12 GND P Digital Ground
13 VDD P Digital Power (+3.3V or +5V)
14 CPUCLK (0] CPU Clock output determined by status of FSO - FS2
15 FS2 I Frequency Select 2 for CPUCLK
16 FS1 1 Frequency Select 1 for CPCUCLK
NOTE:

No internal pull-ups on any Inputs.
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Absolute Maximum Ratings

VDD referencedtoGND ...................... v

Operating temperature under bias ............... 0°C to +70°C

Storage temperature . ............ . -40°C to +150°C

Voltage on I/O pins referenced to GND. . ......... GND -0.5V to VDD +0.5V
Powerdissipation ............. ... ... o L 0.5 Watts

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 at 5V
VDD =+5V+10%, Ta=0°C to 70°C unless otherwise stated

. DC Characteristics PO

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage VI Vpp=5V 0.8 \
Input High Voltage ViH Vpp=5V 2.0 \%
Input Low Current ) I ViN=0V -5 LA
Input High Current Iin VIN=VDD 5 | HA
Output Low Voltage VoL IoL=4mA 0.4 \
Output High Voltage Vou IoH=-1mA Vpp-4V \'
Output High Voltage VOH Ion=-4mA Vpp-.8V \
Output High Voltage Vou Iop=-8mA 2.4 \
Supply Current Ipp No load! 25 40 mA
Output Frequency Change Fp With respect to typical 0.002 0.01 %
over Supply and Temperature frequency
Short circuit current Isc Each output clock 25 40 mA
Input Capacitance Ci Except X1, X2 10 pF
Load Capacitance CL Pins X1, X2 20 pF
Supply Current, lowest IppsTBY |When powered-down 20 mA

NOTE:

1 All clocks on AV9154A-06 or -60 running at highest possible frequencies.
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Electrical Characteristics at 5V
VDD =+5V+10%, Ta=0°C to 70°C unless otherwise stated

ST i - . ACCharacterisis S e T
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Clock Rise Time ticr 20 ns
Input Clock Fall Time tice 20 ns
Output Rise time, 0.8 to 2.0V tr 15pf load - 1 2 ns
Rise time, 20% to 80% VDD tr 15pf load - 2 4 ns
Output Fall time, 2.0 to 0.8V tf 15pf load - 1 2 ns
Fall time, 80% to 20% VDD tr 15pf load - 2 4 ns
Duty cycle dt 15pf load 40/60 48/52 60/40 %
Duty cycle, reference clock dt 15pf load 40/60 43/57 60/40 %
Duty cycle, CPU clock -06 dt 15pf load 40/60 42/58 60/40 %
Jitter, one sigma Tils As compared with +0.8 2.5 %
Jitter, absolute Tjab clock period 2 +5 %
Jitter, absolute Tiab 16-80 MHz clocks 700 ps
Input Frequency fi 14.318 MHz
Frequency Transition time tee from 16 to 80 MHz 15 20 ms
Power-up time tpu from off to 50 MHz 15 ms

NOTE:

1 All clocks on AV9154A-06 or -60 running at highest possible frequencies.
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AV9154-60

Electrical Characteristics at 3.3V
Operating Vpp =+3.0V to +3.7V, Ta=0°C to 70°C unless otherwise stated

o DC Characteristics

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS

Input Low Voltage VIL - - 0.15VpD \4
Input High Voltage VIiH 0.7VpD - - \4
Input Low Current I VIN=0V -5 - 5 HA
Input High Current Iy VIN=VDD -5 - 5 HA
Output Low Voltage VoL IoL=8mA - - 0.1 \
Output High Voltage Vou Iop=-4mA Vpp-.1V - - \%
Supply Current Ipb Note 1 - 15 mA
Output Frequency Change F4q With respect to typical - 0.002 0.01 %
over Supply and Temperature frequency
Input Capacitance G Except X1, X2 10 pF
Load Capacitance CL Pins X1, X2 20 pF
Supply Current, lowest IpDL When powered-down 14 mA
Short Circuit Current Isc 30 mA

Note 1: AV9154A with no load, with 14.318 MHz crystal input, and CPUCLK running at 33 MHz. Power supply current
varies with frequency. Consult ICS for actual current at different frequencies.

Electrical Characteristics at 3.3V
(Operating Vpp =+3.0V to +3.7V, Ta=0°C to 70°C unless otherwise stated)

. ‘ _ AC Characteristics R T
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Clock Rise Time ticr 20 ns
Input Clock Fall Time tics 20 ns
Rise time tr 15 pf load - - 4 ns
Fall time tf 15 pf load - - 4 ns
Duty cycle, fixed clocks dt 15 pf load 40/60 48/52 60/40 %o
Duty cycle, CPU clock -06 dt 15 pf load 40/60 42/58 60/40 %
Duty cycle, reference clock dt 15 pf load 40/60 43/57 60/40 %o
Jitter, one sigma Tiis All frequencies +0.5 2 %
Jitter, absolute Tjabs All frequencies +3 +5 %
Frequency Transition time tft from 8 to 33 MHz 20 ms
Power-up time tpu from off to 50 MHz 15 ms
Output Frequency fo Will operate up to 2 33 MH:z
50 MHz for -06 version
Input Frequency fi 14.318 MH:z

Note 1: AV9154A with no load, with 14.318 MHz crystal input, and CPUCLK running at 33 MHz. Power supply current
varies with frequency. Consult ICS for actual current at different frequencies.
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Ordering Information
AV9154A-06CS16 or AV9154A-60CS16

Example:

ICS XXXX-PPP M X#W

I' Lead Count & Package Width
Lead Count=1, 2 or 3 digits
W=.3” SOIC or .6” DIP; None=Standard Width
Package Type
S=SOIC

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device
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Integrated
Circuit
Systems, Inc.

AV9155A

Low Cost 20-Pin Frequency Generator

General Description

The AV9155A is a low cost frequency generator designed
specifically for desktop and notebook PC applications. Its CPU
clocks provide all necessary CPU frequencies for 286, 386 and
486 systems, including support for the latest speeds of proces-
sors. The device uses a 14.318 MHz crystal to generate the CU
and all peripheral clocks for integrated desktop motherboards.

The dual 14.318 MHz clock outputs allows one output for the
system and one to be the input to an ICS graphics frequency
generator such as the AV9194.

The CPU clock offers the unique feature of smooth, glitch-free
transitions from one frequency to the next, making this ideal
device to use whenever slowing the CPU speed. The AV9155A
makes a gradual transition between frequencies, so that it
obeys the Intel cycle-to-cycle timing specification for 486
systems. The simultaneous 2X and 1X CPU clocks offer con-
trolled skew to within 1.5ns (max) of each other.

ICS offers several versions of the AV9155A. The different
devices are shown below:

PART DESCRIPTION
AV9155A-01 Motherboard clock generator with 16 MHz BUS CLK
AV9155A-02 Motherboard clock generator with 32 MHz BUS CLK
AV9155A-03 Special frequencies for both 386 and 486 CPUs
AV9155A-23 Includes Pentium™ frequencies
AV9155A-36 Features a special 40 MHz SCSI clock

Block Diagram

Features

e Compatible with 286, 386, and 486 CPUs

e Supports turbo modes
Generates communications clock, keyboard clock, floppy
disk clock, system reference clock, bus clock and CPU
clock

Output enable tristates outputs

Up to 100 MHz at 5V, 66.6 MHz at 3.3V
20-pin DIP or SOIC

All loop filter components internal
Skew-controlled 2X and 1X CPU clocks
Power-down option

e o o o o o

ICS has been shipping motherboard frequency generators
since April 1990, and is the leader in the area of multiple output
clocks on a single chip. The AV9155A is a third generation
device, and uses ICS’s patented analog CMOS phase-locked
loop technology for low phase jitter. ICS offers a broad family
of frequency generators for motherboards, graphics and other
applications, including cost-effective versions with only one
or two output clocks. Consult ICS for all of your clock genera-
tion needs.

1
1 3-4 —> —>» 2XCPU
SCLK20-23— va > CPU OUTPUTS |
CLOCK BUFFER
I L > Ly cpu
14318 MHz L1 yy !
crystal I REFERENCE I +— OE
CLOCK 1
14.318 MHz<—1—
8 MHz > > KBCLK
14.318 MHz<—— PERIPHERAL |—> OUTPUT —— BUSCLK
! f > CLOCK [ >|  BUFFERS L 15 FDCLK
1 —> —1» COMMCLK
1 I
VDD GND POWER-DOWN AGND
Pentium is a trademark of Intel Corporation

C-77




AV9155A

Pin Configuration

1.843MHz ~[ 1 ~ 20 SCLK20 1.843MHz "] 1 7 20 SCLK20
X2 =1 2 19 SCLK21 X2 71 2 19 [~ SCLK21
Xt 71 3 «~18 [ CPU X1 7] 3 ~n18 [T CPU
VDD | 4 < 17 |- 2XCPU vDD | 4 < 17 |~ 2XCPU
GND —1 5 g 16 [~ VDD GND =] 5 g 16 [~ VDD
16MHz | 6 ®15  GND ®2MHz | 6 ®15 [ GND
24MHz - 7 g 14 |~ 14.318 MHz 2amHz —{ 7 D14 [ 14318 MHz
12MHz —{ 8 <13 |- 14.318 MHz 12MHz - 8 <13 [~ 14.318 MHz
AGND - 9 12 - PD AGND 9 12 - PD
OE -110 11— SCLK22 OE 10 11— SCLK22
20-Pin DIP or SOIC 20-Pin DIP or SOIC
K-4, K-7 K-4, K-7
Pin Descriptions for AV9155A-01, -02
PIN PIN NAME TYPE DESCRIPTION
NUMBER
1 1.843 MHz Output  |1.84 MHz clock output
2 X2 Output  |CRYSTAL connection
3 X1 Input  |CRYSTAL connection
4 VDD - DIGITAL POWER SUPPLY (+5V)
5 GND - Digital GROUND
6 16 MHz/32 MHz Output |16 MHz (AV9155-01) or 32 MHz (AV9155-02) clock output
7 24 MHz Output |24 MHz floppy disk/combination I/O clock output
8 12 MHz Output |12 MHz keyboard clock output
9 AGND - ANALOG GROUND (original version)
10 OE Input OUTPUT ENABLE. Tristates all outputs when low. (Has internal pull-up.)
11 SCLK22 Input  |CPU CLOCK frequency SELECT #2. (Has internal pull-up.)
12 AVDD - ANALOG POWER SUPPLY (+5V)
12 PD Input POWER-DOWN. Shuts off entire chip when low. (Has internal pull-up.)
13 14.318 MHz Output  |14.318 MHz reference clock output
14 14.318 MHz Output | 14.318 MHz reference clock output
15 GND - Digital GROUND
16 VDD - DIGITAL POWER SUPPLY (+5V)
17 2XCPU Output  |2X CPU clock output
18 CPU Output | 1X CPU clock output
19 SCLK21 Input CPU CLOCK frequency SELECT #1. (Has internal pull-up.)
20 SCLK20 Input  |CPU CLOCK frequency SELECT #0. (Has internal pull-up.)
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Decoding and Clock Tables AV9155A-01  PERIPHERAL CLOCKS
(using 14.318 MHz input. All frequencies in MHz.) COMMCLK BUSCLK FDCLK KB,CLK
(Pin 1) (Pin 6) (Pin7) (Pin 8)
CLOCK#2 CPU and 2XCPU 1843 16 ) 2
SCLK22 | SCLK21 | SCLK20 | 2XCPU | CPU
@Pin11) | Pin19) | (Pin20) | (Pin17) | (Pin 18)
0 0 0 8 4 REFERENCE CLOCKS
0 0 1 16 8 REFCLK1 REFCLK2
0 1 0 32 16 (Pin 13) (Pin 14)
0 1 1 40 20
] 0 0 50 25 14318 14318
1 0 1 66.66 33.33
1 1 0 80 40%
1 1 1 100* 50%
* 5V only
Decoding and Clock Tables AV9155A-02 PERIPHERAL CLOCKS
(using 14.318 MHz input. All frequencies in MHz.) COM_MCLK BU$CLK FD,CLK KB,CLK
(Pin 1) (Pin 6) (Pin 7) (Pin 8)
CLOCK#2 CPU and 2XCPU L343 ) Py 2
SCLK22 | SCLK21 | SCLK20 | 2XCPU | CPU
(Pin11) | (Pin19) | (Pin20) | (Pin17) | (Pin18)
0 0 0 8 4 REFERENCE CLOCKS
0 0 1 16 8 REFCLK1 REFCLK2
0 1 0 32 16 (Pin 13) (Pin 14)
0 1 1 40 20
1 0 0 50 25 14.318 14318
1 0 1 66.66 33.33
1 1 0 80 40*
1 1 1 100* 50*
* 5V only
Frequency Transitions Using an Input Clock as Reference

The AV9155A is designed to accept a 14.318 MHz crystal as
the input reference. With some external changes, it is possible
to use a crystal oscillator or clock input. Please see application
note AANO4 for details on driving the AV9155A with a clock.

A key feature of the AV9155A is its ability to provide smooth,
glitch-free frequency transitions on the CPU and 2XCPU
clocks when the frequency select pins are changed. These
frequency transitions do not violate the Intel 486 specification
of less than 0.1% frequency change per clock period.
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Pin Configuration

6MHz 1 1 ~ 20 [T scLk20

x2 - 2 19 [©  SCLK21

X1 =] 3 em18 [ SCLK22
vwbo | 4 Q17 cpu
oo - 5 S16fF vop
24MHz - 6 215 - GND
16MHz -1 7 D14 [ 14318MHz
8MHz — 8 <13 [~ 14.318MHz
AGND = 9 12 - PD

OE -110 11 | SCLK23

20-Pin DIP or SOIC
K-4, K-7

Pin Descriptions for AV9155A-03

PIN PIN NAME TYPE DESCRIPTION
NUMBER
1 6 MHz Output |6 MHz clock output
2 X2 Output  |CRYSTAL connection
3 X1 Input |CRYSTAL connection
4 VDD - DIGITAL POWER SUPPLY (+5V)
5 GND - Digital GROUND
6 24 MHz Output |24 MHz (-03) floppy disk
7 16 MHz Output |16 MHz (-03) bus clock output
8 8 MHz Output |8 MHz (-23) keyboard clock output
9 AGND - ANALOG GROUND
10 OE Input OUTPUT ENABLE. Tristates all outputs when low. (Has internal pull-up.)
11 SCLK23 Input  |CPU CLOCK frequency. (Has internal pull-up.)
12 PD Input |POWER-DOWN. Shuts off entire chip when low. (Has internal pull-up.)
13 14.318 MHz Output  |14.318 MHz reference clock output
14 14.318 MHz Output  |14.318 MHz reference clock output
15 GND - Digital GROUND
16 VDD - DIGITAL POWER SUPPLY (+5V)
17 CPU Output | CPU clock output/2XCPU clock output
18 SCLK22 Input  |CPU CLOCK frequency SELECT #2. (Has internal pull-up.)
19 SCLK21 Input  |CPU CLOCK frequency SELECT #1. (Has internal pull-up.)
20 SCLK20 Input CPU CLOCK frequency SELECT #0. (Has internal pull-up.)
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Decoding and Clock Tables AV9155A-03
(using 14.318 MHz input. All frequencies in MHz.)

CLOCK#2 CPU

SCLK23 | SCLK22 | SCLK21 | SCLK20 CPU

(Pin11) | (Pin18) | (Pin19) | (Pin20) | (Pin17)
0 0 0 0 16
0 0 0 1 40
0 0 1 0 50
0 0 1 1 80*

486
0 1 0 0 66.66
0 1 0 1 100*
0 1 1 0 8
0 1 1 1 4
1 0 0 0 8
1 0 0 1 20
1 0 1 0 25
1 0 1 1 40
1 1 0 0 333 386
1 1 0 1 50
1 1 1 0 4
1 1 1 1 2
* 5V only

Smooth, glitch-free frequency transitions are guaranteed if the
state of SCLK23 (pin 11) is not changed (smooth transitions
are guaranteed in either the top or bottom half of the frequency

decode table).
PERIPHERAL CLOCKS
COMMCLK | BUSCLK FDCLK KBCLK
(Pin 1) (Pin 7) (Pin 6) (Pin 8)
6 MHz 16 MHz 24 MHz 8 MHz
REFERENCE CLOCKS
REFCLK1 REFCLK?2
(Pin 13) (Pin 14)
14.318 14.318
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Pin Configuration

1.843MHz —{ 1 ~ 20 |- SCLK20 40MHz = 1 “~ 20 |- SCLK20
X2 - 2 19 = SCLK21 X2 — 2 19 |~ SCLK21
Xt -| 3 18 CPU Xt - 3 18 CPU
vec - 4 17  2xcpu VDD - 4 Q17 |- 2XCPU
GND — 5 u<) 16 |~ VDD GND — 5 g 16 - VDD
16MHz — 6 "'2 15 - GND 15MHz — 6 :‘_’ 15 = GND
24MHz — 7 °>’ 14 |- 14318 MHz 24MHz H 7 °>’ 14 | 14.318 MHz
12MHz - 8 < 13 | 14.318MHz 12MHz - 8 <13 |- 14.318MHz
GND + 9 12 - PD GND 4 9 i2 - PD
OE — 10 11 |- SCLK22 OE - 10 11 |- SCLK22
20-Pin DIP or SOIC 20-Pin DIP or SOIC
K-4, K-7 K-4, K-7
Pin Descriptions for AV9155-23, -36
PIN PIN NAME TYPE DESCRIPTION
NUMBER
1 1.843/40 MHz Output  |1.84 MHz 40 MHz SCSI clock output
X2 Output  |CRYSTAL connection
3 X1 Input CRYSTAL connection
4 VDD - DIGITAL POWER SUPPLY (+5V)
5 GND - Digital GROUND
6 16 MHz/15 MHz Qutput |16 MHz/15 MHz clock output
7 24 MHz Output |24 MHz floppy disk/combination I/O clock output
8 12 MHz Output |12 MHz keyboard clock output
9 AGND - ANALOG GROUND (original version)
10 OE Input  |OUTPUT ENABLE. Tristates all outputs when low. (Has internal pull-up.)
11 SCLK22 Input CPU CLOCK frequency SELECT #2. (-23 has internal pull-up.)
12 AVDD - ANALOG POWER SUPPLY (+5V)
12 PD Input |POWER-DOWN. Shuts off entire chip when low. (Has internal pull-up.)
13 14.318 MHz Output  |14.318 MHz reference clock output
14 14.318 MHz Qutput  |14.318 MHz reference clock output
15 GND - Digital GROUND
16 VDD - DIGITAL POWER SUPPLY (+5V)
17 2XCPU Output  |2X CPU clock output
18 CPU Output | 1X CPU clock output
19 SCLK21 Input  |CPU CLOCK frequency SELECT #1. (-23 has internal pull-up.)
20 SCLK20 Input  |CPU CLOCK frequency SELECT #0. (-23 has internal pull-up.)
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Decoding and Clock Tables AV9155A-23  PERIPHERAL CLOCKS

(using 14.318 MHz input. All frequencies in MHz.) COMMCLK | BUSCLK FDCLK KBCLK
(Pin 1) (Pin 6) (Pin 7) (Pin 8)
CLOCK#2 CPU and 2XCPU 1.843 16 24 12
SCLK22 | SCLK21 | SCLK20 | 2XCPU CPU
(Pin 11) (Pin 19) (Pin 20) (Pin 17) (Pin 18)
0 0 0 75% 37.5% REFERENCE CLOCKS
0 0 1 32 16 REFCLK] REFCLK?2
0 1 0 60 30 (Pin 13) (Pin 14)
0 1 1 40 20
1 0 0 50 25 14.318 14.318
1 0 1 66.66 33.33
1 1 0 80* 40*
1 1 1 52 26
* 5V only

Decoding and Clock Tables AV9155A-36  PERIPHERAL CLOCKS

(using 14.318 MHz input. All frequencies in MHz.) SCSICLK | BUSCLK | FDCLK KBCLK
(Pin 1) (Pin 6) (Pin 7) (Pin 8)
CLOCK#2 CPU and 2XCPU 20 15 o4 12
SCLK22 | SCLK21 | SCLK20 | 2XCPU CPU
(Pin 11) (Pin 19) (Pin 20) (Pin 17) (Pin 18)
0 0 0 8 4 REFERENCE CLOCKS
0 0 1 16 8 REFCLK1 REFCLK2
8 i (1) 28 gg (Pin 13) (Pin 14)
1 0 0 50 25 14.318 14.318
1 0 1 66.66 33.33
1 1 0 80* 40*
1 1 1 100* 50*
* 5V only

Absolute Maximum Ratings

AVDD, VDD referencedtoGND ............... v

Operating temperature underbias ............... 0°C to +70°C

Storage temperature . ................uennn... -40°C to +150°C

Voltage on I/O pins referenced to GND. .......... GND -0.5V to VDD +0.5V
Power dissipation . ..................... ..., 0.5 Watts

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.
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Electrical Characteristics

VDb =+5V+10%, Ta=0°C to 70°C unless otherwise stated

DC Characteristics
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS

Input Low Voltage ViL Vpp=5V 0.8 \Y
Input High Voltage ViH Vpp=5V 2.0 \4
Input Low Current I VIN=0V -5 UA
Input High Current Iy VIN=VDD 5 HA
Output Low Voltage VoL IoL=4mA 0.4 Y
Output High Voltage VoH Ion=-1mA, Vpp=5.0V Vpp-4V A
Output High Voltage VoH Iou=-4mA, Vpp=5.0V Vpp-.8V \
Output High Voltage Vou Iog=-8mA 2.4 \%
Supply Current Icc  |Noload! 40 mA
Supply Current, Power-Down | IcpstBy |No load 35 70 HA
Output Frequency Change Fp With respect to 0.002 0.01 %
over Supply and Temperature typical frequency

Short circuit current Isc Each output clock 25 40 mA
Pull-up resistor value Rpu Pin 10 (and 12, U only) 680 kQ
Input Capacitance Ci Except X1, X2 10 pF
Load Capacitance CL Pins X1, X2 20 pF

/ AC Characteristics
Output Rise time, 0.8 to 2.0V tr 25pf load - 1 2 ns
Rise time, 20% to 80% VDD tr 25pf load - 2 4 ns
Output Fall time, 2.0 to 0.8V tf 25pf load - 1 2 ns
Fall time, 80% to 20% VDD tf 25pf load - 2 4 ns
Duty cycle d 25pf load 40/60 48/52 60/40 %
Duty cycle, reference clocks dt 25pf load 40/60 43/57 60/40 %
Jitter, one sigma fir1s As compared with clock 0.8 25 %
period

Jitter, absolute tjab 16-100 MHz clocks 2 5 %
Jitter, absolute tjab 700 ps
Input Frequency fi 14.318 MHz
Clock skew between CPU Tsk (1.0ns max on U parts) 1 1.5 ns
and 2XCPU outputs

Frequency Transition time te From 8 to 100 MHz 15 20 ms
Notes:

1. All clocks on AV9155A-01 running at highest possible frequencies. Power supply current can change substantially with
different mask configurations. Consult ICS.
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Actual Output Frequencies
(using 14.318 MHz input. All frequencies in MHz.)

AV9155A-01 and AV9155-02 AV9155A-23
CLOCK#2 CPU and 2XCPU CPU CLOCK
SCLK22 | SCLK21 | SCLK20 | 2XCPU | CPU SCLK22 | SCLK21 | SCLK20 | 2XCPU | CPU
®in1l) | (Pin19) | (Pin20) | (Pin17) | (Pin18) (Pin11) | (Pin19) | (Pin20) | (Pin17) | (Pin 18)
0 0 0 7.50 3.75 0 0 0 75.170% | 37.585*
0 0 1 15.51 776 0 0 1 31940 | 15970
0 1 0 3222 16.11 0 1 0 60.136 | 30.068
0 1 1 4009 | 2005 0 1 1 40.090 | 20045
1 0 0 50.11 25.06 1 0 0 50.113 | 25,057
1 0 1 66.82 | 3341 1 0 1 66476 | 33238
1 1 0 80.18% | 40.09% 1 1 0 80.181% | 40.091*
1 | 1 100.23* | 50.11% 1 1 1 51.903* | 25952
* 5V only * 5V only
PERIPHERAL CLOCKS PERIPHERAL CLOCKS
COMMCLK| BUSCLK FDCLK | KBCLK COMMCLK| BUSCLK | FDCLK | KBCLK
(Pin 1) (Pin 6) (Pin 7) (Pin 8) (Pin 1) (Pin 6) (Pin7) (Pin 8)
1846 | 32.010r16.00 | 24.00 12.00 1.846 16.00 24.00 12.00
AV9155A-03 AV9155A-36
CLOCK#2 CPU CPU CLOCK
SCLK23 | SCLK22 | SCLK21 | SCLK20 | CPU SCLK22 | SCLK21 | SCLK20 | 2XCPU | CPU
(Pin11) | (Pin18) | (Pin19) | (Pin20) | (Pin17) ®in11) | (Pin19) | (Pin20) | (Pin17) | (Pin 18)
0 0 0 0 15.51 0 0 0 8054 | 4027
0 0 0 1 40.09 0 0 1 16002 | 8001
0 0 1 0 50.11 0 1 0 50.875 | 29.936
0 0 1 1 80.18* 0 1 1 30.886 | 19.943
0 1 0 0 66.82 1 0 0 50113 | 25.057
0 1 0 1 100.23* 1 0 1 66476 | 33238
0 1 1 0 758 1 1 0 80.181* | 40.091*
0 1 1 1 430 1 1 1 100.226* | 50.113*
1 0 0 0 7.76
1 0 0 1 20.05 * 5V only
1 0 1 0 25.06
1 0 1 1 4009 | PERIPHERAL CLOCKS
i } g (1) zg‘ﬁ SCSICLK | BUSCLK | FDCLK | KBCLK
. | X o s (Pin 1) (Pin 7) (Pin 6) (Pin 8)
| 1 1 1 215 40.00 15.00 24.00 12.00
* 5V only
PERIPHERAL CLOCKS
COMMCLK| BUSCLK | FDCLK | KBCLK
(Pin 1) (Pin 7) (Pin 6) (Pin 8)
6.00 16.00 24.00 8.00
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AV9155A Recommended External Circuit

+5V
FB
(see note #4)
1.843 MHz AN 20 }—SCLK20
14.318 MHz X2 1, 19 }—scLk21
crystal —> = X1
T 1 3 18 F—CPU
vbD P ek
ND
0.1uF == G 5 L{I-O) 16 VoD ¢
= 16/2MHz— 6 . 15 GND L,
= o T
24MHz—{ 7 <>( 14 F—14318MHz T L
12MHz—] 8 13 —14318MHz
AGND ° 12 |-
= OE— 10 11 [— SCLK22

NOTES:

—_

. ICS recommends the use of an isolated ground plane for the AV9155A. All grounds shown on this drawing should be
connected to this ground plane. This ground plane should be connected to the system ground plane at a single point.
Please refer to AV9155A Board Layout Diagram.

2. A single power supply connection for all VDD lines at the 2.2uF decoupling capacitor is recommended to reduce
interaction of analog and digital circuits. The 0.1uF decoupling capacitors should be located as close to each VDD
pin as possible.

3. A 33Q series termination resistor should be used on any clock output which drives more than one load or drives a
long trace (more than about two inches), especially when using high frequencies (>50 MHz). This termination
resistor is put in series with the clock output line close to the clock output. It helps improve jitter performance
and reduce EMI by damping standing waves caused by impedance mismatches in the output clock circuit trace.

4. The ferrite bead does not enhance the performance of the AV9155A, but will reduce EMI radiation from the VDD line.
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AV9155A Recommended Board Layout

&
7

IPIN1

XTAL
—C o T

N o

)

C

W/\

P
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e S—)

S e B S
a—

Gap in Ground Plane AV9155 Ground
= connection to
- System Ground - ground plane

This is the recommended layout for the AV9155A to maximize clock performance. Shown are the power and ground connections,
the ground plane, and the input/output traces.

—

oI

WA

SN N\

I*\Tm

Use of the isolated ground plane and power connection, as shown, will prevent stray high frequency ground and system noise
from propagating through the device. When compared to using the system ground and power planes, this technique will minimize
output clock jitter. The isolated ground plane should be connected to the system ground plane at one point, near the 2.2uF
decoupling cap. For lowest jitter performance, this isolated ground plane should be kept away from clock output pins and traces.
Keeping the isolated ground plane area as small as possible will minimize EMI radiation. Use a sufficient gap between the isolated
ground plane and system ground plane to prevent AC coupling. The ferrite bead in the VDD line optional, but will help reduce
EMIL.

The traces to distribute the output clocks should be over a system ground or power supply plane. The trace width should be about
two times the thickness of the PC board between the trace and the underlying plane. These guidelines help minimize clock jitter
and EMI radiation. The traces to distribute power should be as wide as possible.
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Ordering Information

AV9155A-01CN20, AV9155A-02CN20, AV9155A-03CN20,
AV9155A-23CN20, AV9155A-36CN20

Example:

ICS XXXX-PPP M X#W

L

Lead Count & Package Width

Lead Count=1, 2 or 3 digits

W=.3" SOIC or .6” DIP; None=Standard Width
Package Type

N=DIP (Plastic) T&R=Tape and Reel

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device

AV9155A-01CW20, AV9155A-02CM20, AV9155A-03CM20,
AV9155A-23CM20, AV9155A-36CM20

Example:

ICS XXXX-PPP M X#W

L

Lead Count & Package Width

Lead Count=1, 2 or 3 digits .

W=.3” SOIC or .6” DIP; None=Standard Width
Package Type

W=SOIC T&R=Tape and Reel

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device

NOTES:
Tape and reel packaging should be ordered with the suffix T&R. For instance, if the -01 in DIP and tape & reel is required, order
the part as AV9155-01CN20T&R.
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Integrated
Circuit
Systems, Inc.

ICS9158

Integrated Buffer and Motherboard Frequency Generator

General Description

The ICS9158 is a low cost frequency generator designed
specifically for desktop and notebook PC applications. Eight
high drive, skew-controlled copies of the CPU clock are avail-
able, eliminating the need for an external buffer.

Each high drive (50mA) output is capable of driving a 30pf
load and has a typical duty cycle of 50/50. The CPU clock
outputs are skew-controlled to within +250ps. The CPU clocks
provide all necessary frequencies for 286, 386, 486 and Pen-
tium systems, including support for the latest speeds of proc-
€SSOors.

The CPU clock offers the unique feature of smooth, glitch-free
transitions from one frequency to the next, making this the
ideal device to use whenever slowing the CPU speeds. The
ICS9158 makes a gradual transition between frequencies so
that it meets the Intel cycle-to-cycle timing specification for
486 systems.

ICS has been shipping Motherboard Frequency Generators
since April 1990, and is the leader in the area of multiple output

Features

e Eight skew-free, high drive CPU clock outputs
e Up to 100 MHz output at 5V

e  1250ps skew between CPU and 2XCPU outputs
e Outputs can drive up to 30pf load

e 50mA output drivers

e Typical 50/50 duty cycle

e Compatible with 486 and Pentium CPUs

e  Glitch-free start and stop clock option

e Optional power-down mode supports Energy Star
(“green”) PCs

e On-chip loop filter components
e Low power, high speed 0.8y CMOS technology
e 24-pin PDIP or SOIC package

Clock Table (in MHz)

clocks on a single chip. The ICS9158 is a third generation Clock 1CS9158-01
device, and uses ICS’s patented analog CMOS Phase-Locked BUSCLK 16
Loop technology for low phase jitter. ICS offers a broad family FDCLK 24
of frequency generators for motherboards, graphics and other 14318 14318
applications, including cost effective versions with only one or : :
two output clocks. Consult ICS for all of your clock generation | CPUCLK 4,8,30,20,25,33.3,40, or 50
needs. 2XCPUCLK 8,16,60,40,50,66.6,80, or 100
Block Diagram
3
r— e — |
|
S0 -S2 I L 2xcpu
| CPU »  OUTPUT |
CLOCK BUFFER
> > ———+ cpu 1,2,3,4,5,6,7
14.318 MHz -C—1] I
crystal LJ | | ReFemence t |
I CLOCK OE
14.318 MHz +—— |
I v |
ot . L
| PERIPHERAL . OUTPUT BUSCLK
I CLOCKS | BUFFERS |
I " > FDCLK

VDD GND

1CS9158-01RevA 112294
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Pin Configuration

CPU2 1 = SO
X140UT 2 p— S1
X14IN 3 = CPU1
| VDD 4 o~ 21 = 2XCPU
GND 5 Q@ 20 = VDD
16 MHz 6 @ 19 = GND
24 MHz 7 9 18 = 14.318MHz
CPU3 8 oo 17 p= CPU4
AGND 9 @ 16 = AVDD
OE =410 Q 15 = s2
CPU5 11 = CPU6
GND 12 = CPU7
24-Pin PDIP or SOIC
K-5, K-7
Pin Descriptions for ICS9158-01
PINNUMBER | PIN NAME TYPE DESCRIPTION
1 CPU2 Output CPU clock output
2 X140UT - Crystal connection
3 X14IN - Crystal connection
4 VDD - Digital POWER SUPPLY (+5V)
5 GND - Digital GROUND
6 16 MHz Output 16 MHz clock output
7 24 MHz Output 24 MHz floppy disk/combination I/O clock output
8 CPU3 Output CPU clock output
9 AGND - ANALOG GROUND
10 OE Input OUTPUT ENABLE. Tristates all outputs when low.
11 CPU5 Output CPU clock output
12 GND - Digital GROUND
13 CPU7 Output CPU clock output
14 CPU6 Output CPU clock output
15 S2 Input CPU clock frequency select 2
16 AVDD - ANALOG power supply (+5V)
17 CPU4 Output CPU clock output
18 14.318 MHz Output 14.318 MHz clock output
19 GND - Digital GROUND
20 VDD - Digital POWER SUPPLY (+5V)
21 2XCPU Output 2X CPU clock output
22 CPU1 Output CPU clock output
23 S1 Input CPU clock frequency select #1
24 SO Input CPU clock frequency select #0
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Absolute Maximum Ratings

AVDD, VDD referencedtoGND ............... A%

Operating temperature under bias ............... 0°C to +70°C

Storage temperature . ....................o.... -40°C to +150°C

Voltage on I/O pins referenced to GND. . ......... GND -0.5V to VDD +0.5V
Power dissipation ............ ... . oot 0.5 Watts

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 at 5V
VDD = +5Vx10%, Ta=0°C to 70°C unless otherwise stated

o DC Characteristics . T
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage \%13 0.8 \4
Input High Voltage Vi 2.0 \%
Input Low Current I VIN=0V -5 5 HA
Input High Current I VIN=VDD -5 5 HA
Output Low Voltage VoL  |IoL=20.0mA 0.25 04 \
Output High Voltage (Note 1) Vo |lou=-30mA 24 35 A%
Output Low Current (Note 1) IoL VoL=0.8V 45 65 mA
Output High Current (Note 1) Ion Vou=2.0V -55 -35 mA
Supply Current Ipp No load, 80 MHz 43 65 mA
Output Frequency Change over Fp With respect to typical 0.002 0.01 %
Supply and Temperature (Note 1) frequency
Short circuit current (Note 1) Isc Each output clock 25 56 mA
Pull-up resistor value (Note 1) Rpu Input pin 680 kQ
Input Capacitance (Note 1) GCi Except X1, X2 8 pf
Load Capacitance (Note 1) CL Pins X1, X2 20 pf

Note 1: Parameter is guaranteed by design and characterization. Not 100% tested in production.
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Electrical Characteristics (continued)
Vpb = +5V£10%, Ta=0°C to 70°C unless otherwise stated

AC Characteristics

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Output Rise time, 0.8 to 2.0V tr 30pf load - 1 2 ns
(Note 1)
Rise time, 20% to 80% VDD tr 30pf load - 2.5 3 ns
(Note 1)
Output Fall time, 2.0 to 0.8V tf 30pf load - 0.5 1 ns
(Note 1)
Fall time, 80% to 20% VDD tf 30pf load - 1.5 2 ns
(Note 1)
Duty cycle (Note 1) dt 30pf load 40/60 48/52 60/40 %
Jitter, one sigma (Note 1) tjls As compared with 0.5 2.0 %
Jitter, absolute tab clock period 2 5 %
Jitter, absolute tjab 16-100 MHz clocks 500 ps
Input Frequency fi 14.318 MHz
Clock skew between CPU and Tsk 100 250 ps
2XCPU outputs
Frequency Transition time tet From 4 to 50 MHz 13 20 ms
(Note 1)

Note 1: Parameter is guaranteed by design and characterization. Not 100% tested in production.
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ICS9158-01 CPU Clock Decoding Table
(using 14.318 MHz input. All frequencies in MHz)

CLOCK#2 CPU and 2XCPU Peripheral Clocks
S2 S1 SO 2XCPU BUSCLK FDCLK
(Pin 15) (Pin 23) (Pin24) (Pin 21) CPU (Pin 6) (Pin 7)
0 0 0 7.580 3.790 16.002 24.003
0 0 1 15.511 7.756
0 1 0 59.875 29.938
0 1 1 40.090 20.045 Ref
1 0 0 50.113 25.057 eference Clock
1 0 1 66.476 33.238 REFCLK1
1 1 0 79.772% 39.886* (Pin 18)
1 1 1 100.226* 50.113* 14318
*5V only
Frequency Transitions Stop Clock Feature (optional Mask Version)

A key feature of the ICS9158 is its ability to provide smooth, The ICS9158 incorporates a unique stop clock feature compat-

glitch-free frequency transitions on the CPU and 2XCPU ible with static logic processors. When the stop clock pin goes

clocks when the frequency select pins are changed. The fre- low, the CPUCLK will go low after the next occurring falling

quency transition rate does not violate the Intel 486 or Pentium  edge. When STOPCLK again goes high, CPUCLK resumes on

specification of less than 0.1% frequency change per clock the next rising edge of the internal clock. This feature enables

period. fast, glitch-free starts and stops of the CPUCLK and is useful
in Energy Start motherboard applications.

Using an Input Clock as a Reference

The ICS9158 is designed to accept a 14.318 MHz crystal as the
input reference. With some external changes, it is possible to
use a crystal oscillator or other clock sources. Please see
application note AANO4 for details on driving the ICS9158
with a clock.

CPUCLK

sora H 2w
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Ordering Information

ICS9158-01N
Example:
ICS XXXX-PPP M
Package Type
N=DIP (Plastic)
Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix
ICS, AV=Standard Device; GSP=Genlock Device
1CS9158-01M
Example:
ICS XXXX-PPP M

Package Type

M=SOIC
Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device
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1CS9159-02

Integrated
Circuit
Systems, Inc. Product Preview

Frequency Generator and Integrated Buffer for PENTIUM™

General Description Features
The ICS9159-02 generates all clocks required for high speed ®  Generates up to four processor and six bus clocks, plus
RISC or CISC microprocessor systems such as 486, Pentium, disk, keyboard and reference clocks

PowerPC,™ etc. Four different reference frequency multiply-
ing factors are externally selectable with smooth frequency

Synchronous clocks skew matched to +250ps

ae clvi ~ e Output frequency ranges to 100 MHz
transitions. '[“hes; multiplying fa_ctors can be cu§tomlzed for Test clock mode eases system design
specific applications. A test mode is provided to drive all clocks . .
directly. e Selectable multiplying and processor/bus ratios
e  Stop clock control stops clocks glitch-free
High drive BCLK outputs provide greater than 1V/nsslewrate ®  Custom configurations available
into 30pf loads. PCLK outputs provide better than 1V/nsslew e 3.0V - 5.5V supply range
rate into 20pf loads while maintaining +5% duty cycle. e 28-pin SOIC package
Applications

e Ideal for high-speed RISC or CISC systems such as 486,
Pentium, PowerPC, etc.

Block Diagram

PLL

CLOCK

: N

|

| X

: cen T KEYBD

| Il !
X2 -:( 3l

|

]

I

I

|

FSO

FS1

i > | XTAL 0osc | l REF(0,1)
l <€——— OEN\
»| PLL | —3|syne PCLK(0,3)
CLOCK '
> 3| REG BCLK(0,6)
GEN

Pentium 1s a trademark of Intel Corporation
PowerPCis a of M C i

ICS0159-02evA122194
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Pin Configuration ICS9159-02 Functionality

VDDX ) \ 4 osb= ReFo X1, REF PCLK(0,3)
= *
ol I cE = FS1 | FSO VCO (MHz) (MHz)
X2 o 3 26 == VDDF 0 0 230/33x X1 14.31818 50
V8SX == 4 25 e KEYBD
OEN =i 5 « oab= DisK 0 1 176/21x X1 14.31818 60
PCLKO == 6 Q o3 b= VSSF 1 0 212/23x X1 14.31818 66
PCLK1 =i 7 2 22 pee  BCLKS 1 1 Test mode TCLK TCLK/2
VDDP =q 8 — 21 == BCLK4
PCLK2 ==q 9 (=] 20p=-= VDDB o
PCLK3 == 10 (] 19 == BCLK3 *VCO range is limited from 60 - 200 MHz.
VSSP == 11 9 18 pmm  BCLK2
FS1  weed 12 17 e VSSB
FSO = 13 16—  BOLK1 PCLK(0,3) | BCLK(0,5) DISK KEYBD
VDDB 14 15[ BCLKO vCon PCLK/2 24 MHz 12 MHz
. TCLK/2 TCLK/4 TCLK/4 TCLK/8
28-Pin SOIC
K-7
Pin Descriptions
PIN NUMBER PIN NAME | TYPE DESCRIPTION
2 X1 IN XTAL or external reference frequency nput. This mput includes XTAL load capacitance and
feedback bias for a 10 - 30 MHz XTAL
3 X2 OouT XTAL output which includes XTAL load capacitance.
1 VDDX PWR XTAL oscillator circuit power supplies.
4 VSSX
6,7,9,10 PCLK(0,3) OUT | Processor clock outputs which are a multiple of the input reference frequency as shown in the
table below. Duty cycle 1s 50/50£5% with a maximum frequency of 100 MHz. Custom
multiplying configurations are available
8 VDDP PWR  |PCLK power supplies. VSSP and VDDP power PCLK(0,3) outputs and the internal PCLK PLL.
11 VSSp
13,12 FS(0,1) IN Frequency multipher select pins See table below. These inputs have internal pull-up devices.
15,16, 18 BCLK(0,5) ouT Bus clock outputs are fixed at ' the PCLK frequency. In all cases, the duty cycle 1s 50/50£5%.
19,21,22
17 VSSB PWR BCLK power supplies VSSB and VDDB power BCLK(0,5) outputs. Output levels can be
14,20 VDDB customized by connecting VDDB to voltages less than VDDF
5 OEN IN OEN tristates all outputs when low. Thus input has an internal pull-up device.
24 DISK ouT The DISK controller clock 1s fixed at 12 MHz.
25 KEYBD OouT The KEYBD clock 1s fixed at 12 MHz.
23 VSSF PWR Fixed clock (DISK and KEYBD) output and PLL power supplies.
26 VDDF
28,27 REF(0,1) OUT  |REF 1s a buffered copy of the crystal oscillator or reference input clock,
nominally 14.31818 MHz

Timing Specifications
3.3V £5% or 5.0V +5% VDD, 0-70°C, measured at 1.5V, Cload=20pf

PIN JITTER cycle- SKEW to PCLK | SKEW to BCLK SLEW, LOAD DUTY CYCLE
cycle
PCLK(0,3) <+200ps <+250ps <+750ps >1.0V/ns, 20pf <+5%
BCLK(0,5) <+300ps <+750ps <*500ps >1.0V/ns, 30pf <+5%
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Absolute Maximum Ratings

Supply voltage .......... ..., 70V

Logicinputs .......... ... ... ... il GND -0.5V to Vpp +0.5V
Ambient operatingtemp. ...................... 0to +70°C

Storage temperature . ......................... -65°C to +150°C

and functional operation of the device at these or any other conditions above those indicated in the operational sections of the

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect product reliability.

Electrical Characteristics at 3V

Vpp =3.0-3.7V
DC Characteristics
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS

Input Low Voltage \%i8 - - 0.2Vpp \

Input High Voltage Vi 0.7VDD - - )\

Input Low Current I VIN=0V - 10.5 28.0 HA

Input High Current Im VIN=VDD -5.0 - 5.0 HA

Output Low Current IoL VoL=0.8V; 30.0 47.0 - mA
for PCLKS & BCLKS

Output High Current Ion VoL=2.0V; - -66.0 -42.0 mA
for PCLKS & BCLKS

Output Low Current ToL VorL=0.8V; 25.0 38.0 - mA
for fixed CLKs

Output High Current Ton VOL=2.0V; - -47.0 -30.0 mA
for fixed CLKs

Output Low Voltage VoL IoL=15mA; - 0.3 04 \"
for PCLKS & BCLKS

Output High Voltage Von Iox=-30mA; 24 2.8 - v
for PCLKS & BCLKS

Output Low Voltage VoL IoL=12.5mA; - 0.3 0.4 \Y%
for fixed CLKs

Output High Voltage VoH Ior=-20mA; 24 2.8 - v
for fixed CLKs

Supply Current Icc @66.66 MHz; - 55 110 mA
all outputs unloaded
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Electrical Characteristics at 3V

Vpp =3.0-3.7V
PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS
Rise Time 0.8 to 2.0V Tr 20pf load - 1.5 3 ns
Fall Time 2.0 to 0.8V Tt 20pf load - 0.9 2 ns
Rise Time 20% to 80% Tr 20pf load - 2 4.5 ns
Fall Time 80% to 20% Tt 20pf load - 1.8 4.25 ns
Duty Cycle D¢ 20pf load 40 50 60 %
Jitter, One Sigma Tiis CPU & Bus Clocks; - 50 150 ps
Load=20pf,
FOUT>25 MHz
Jitter, Absolute Tiab CPU & Bus Clocks; -250 - 250 ps
Load=20pf,
FOUT>25 MHz
Jitter, One Sigma Tiis Fixed CLK; Load=20pf; - 1 3 %
Comp. to the period
Jitter, Absolute Tjab Fixed CLK; Load=20pf; - 2 5 %
Comp. to the period
Input Frequency Fi - 14.318 - MHz
Clock Skew Tsk PCLK to PCLK; - 50 250 ps
Load=20pf; @1.4V
Clock Skew Tsk BCLK to BCLK; - 90 500 ps
Load=20pf; @1.4V
Clock Skew Tsk PCLK to BCLK; 1 2.6 5 ns
Load=20pf; @1.4V

Ordering Information
ICS9159-02M

Example:

ICS XXXX-PPP M
] [

Package Type
W=S0IC, SOP

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV =Standard Device; GSP=Genlock Device

PRODUCT PREVIEW contain inf d in the ive or
design phase of development. Charactenistic data lr\d other specifications are design
goals. ICS reserves the right to change or discontinue these products without notice.
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1ICS9160-03

Product Preview

Frequency Generator and Integrated Buffer for PowerPC™

General Description

The ICS9160 generates all clocks required for high speed
RISC microprocessor systems based on the PowerPC 603 and
604. Five different frequency multiplying factors are selectable
and offer smooth frequency transitions. BCLK signals are
synchronous to PCLK and operate at PCLK/2 for optimum
synchronous PCI bus performance. The multiplying and ratio
factors can be customed for specific applications.

Both individual and group glitch-free stop and start of the clock
signals are provided, as well as a power-down mode to mini-
mize power consumption. The individual stop and start is
provided through a serial interface control.

A global output enable pin simplifies production board testing,

and a test mode is available to aid in system design and
diagnostics.

Block Diagram

Features

e Generates four processor and seven synchronous bus
clocks plus graphic, floppy, keyboard and reference clocks

Selectable 33.3/50/60/66.6/80 MHz PCLKs
+150ps maximum PowerPC PLL in-band jitter
All synchronous clocks skew matched to +200ps
Individual or group stop-clock control
Power-down modes minimize standby current
Custom configurations available

3.0V - 5.5 supply range

32-pin SOIC package

e o o ¢ ¢ o o o

Applications

e Ideal for RISC systems based on the PowerPC 603 and
604 microprocessors.

X2 XTAL OSC N 3l Rrercik
X1 =7 L~ |
| I >¢ |
| NG |
FSO i H,i »I— GRAPHIC
|
FLOPPY
F$1 T————» PLL i ):_
| CLOCK KEYBD
FS2 —|_> ):_
GEN
—P— PCLK(0,3
STOPO —:———-——) SYNC | 0.3)
REG
STOP1 ~————amo 3 —P— BCLK(0,6)
| |
SDATA =

3 [SHiFT REG F—>[oNTL !

PowerPC Is a trademark of Motorola Corporation

1CS9160-03RevB011295
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Pin Configuration

/
vDDX — 1 32 — GRAPHIC
X1t — 2 31 — KEYBD
X2 — 3 30 — FLOPPY
V8SX — 4 29 — VDDF
FSO —1 5 28 — BCLK6
FS1 — 6 ™ 27 — BCLK5
FS2 —/ 7 O. 26 : VSSF
PCLKO —™] 8 o 25 BCLK4
PCLK1 —™] 9 o 24 ™ BCLK3
VDDP —1 10 '5 23— VvDDB
PCLK2 —™] 1 N 22 I BCLK2
PCLK3 —] 12 (8] 21 [ BCLK1
VvSSP —1 13 - 20 [— VssB
SDATA —] 14 19 — BCLKO
STOPO —] 15 18 I~ REF
STOP1 —] 16 17 [— VDDP
32-Pin SOP
K-7
Pin Descriptions
PIN PIN '
NUMBER NAME TYPE DESCRIPTION
2 X1 IN XTAL or external reference frequency input. This input includes XTAL load capacitance and feedback
bias for a 10-30 MHz XTAL.
3 X2 ouT XTAL output which includes XTAL load capacitance.
1 VDDX PWR | XTAL oscillator circuit and REFCLK output power supplies.
4 VSSX
8,9,11 PCLK(0,3) ouT Processor clock outputs which are a multiple of the input reference frequency as shown in the table
below. Duty cycle is 50% with a maximum frequency of 100 MHz. Custom multiplying configurations
are available.
10,17 VDDP, IN PCLK power supplies. VDDP powers the internal PCLK PLL and the PCLK(0,3) outputs. Operation at
13 VSSP 5.0V+10% or 3.3V+10% is possible with a maximum PCLK speed of 150 MHz and 100 MHz,
respectively.
14 SDATA IN Serial stop clock data is clocked in on the rising edge of BCLK. A total of 15 bits must be clocked in
(First in - using the following protocol. SDATA is sampled on the rising edge of BCLK, so the data generator
REFCLK, should change data on the rising edge of BCLK to ensure proper communication. SDATA must be low
PCLK(0,4) for one BCLK period as a start bit. The next 15 rising edges of SCLK will clock data in serially. The
BCLK(0,5) 16th clock enables the serial data to take effect. Outputs associated with serial data bits that are a one
FLOPPY, KEYBD, will continue without interruption. Clocks associated with serial data bits that are a zero will be
GRAPHIC - last in) stopped in the low state glitch-free, that is, no short clocks with the exception of REFCLK which is
asynchronously forced low. This input has an internal pull-up device.
15,16 STOP(0,1) IN Stop clock control pins used for glitch-free start and stop of the clock outputs as described in the table
on the next page. These inputs have internal pull-up devices.
18 REFCLK ouT Buffered copy of the crystal reference frequency.
19,21, 22, BCLK(0,6) ouT Bus clock outputs having selectable frequency based on the FS(0,2) inputs (see table on next page). In
24,25,27,28 all cases, the duty cycle 1s 50%.
20 VSSB PWR  |BCLK power supplies. VSSB and VDDB power BCLK(0,6).
23 VDDB .
26 VSSF PWR  |Fixed clock power supplies. VSSF and VDDF power GRAPHIC, FLOPPY and KEYBD outputs plus
29 VDDF the fixed clock PLL.
30 FLOPPY OUT | The floppy clock output operates at 24 MHz.
31 KEYBD OUT | The keyboard clock output operates at 12 MHz.
32 GRAPHIC OUT | The graphics system clock output operates at 40 MHz.
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Timing Specifications
3.3V15%VDD, 0-70°C, measured at 1.5V, Cload=20pf

PIN JITTER max* SKEW to PCLK | SKEW to BCLK . SLEW, LOAD DUTY CYCLE
PCLK(0,5) <+200ps <+150ps <+200ps >1.0V/ns, 20pf <+500ps
BCLK(0,3) <+200ps <+200ps <+150ps >1.0V/ns, 30pf <+500ps

FLOPPY <+250ps n/a n/a >0.8V/ns, 20pf <t5%
GRAPHIC <+300ps n/a n/a >0.8V/ns, 20pf <+5%
* Jitter spectrum meets PowerPC PLL natural frequency in band requirements of less than +150ps.
5.0V15%VDD, 0-70°C, measured at 1.5V, Cload=20pf

PIN JITTER max* SKEW to PCLK | SKEW to BCLK SLEW, LOAD DUTY CYCLE
PCLK(0,5) <+250ps <150ps <+200ps >1.0V/ns, 20pf <+500ps
BCLK(0,3) <1+250ps <+200ps <+150ps >0.8V/ns, 30pf <+500ps

FLOPPY <+300ps n/a n/a >0.8V/ns, 20pf <t5%
GRAPHIC <+350ps n/a n/a " >0.8V/ns, 20pf <+5%
* Jitter spectrum meets PowerPC PLL natural frequency in band requirements of less than £150ps.
Functionality
X1, REFCLK | PCLK(0,4) BCLK(0,5) GRAPHIC FLOPPY KEYBD
FS2 | FS1 | FSO (MHz) (MHz) (MHz) (MHz) (MHz) (MHz
0* 0* 0* Tristate Tristate Tristate Tristate Off Tristate
0* 0* 1* 14.318 Off Off 40.0 24.0 12.0
0 1 0 14.318 333 16.6 40.0 24.0 12.0
0 1 1 14.318 50.0 25.0° 40.0 24.0 12.0
1 0 0 14.318 60.0 30.0 40.0 24.0 12.0
1 0 1 14.318 66.6 333 40.0 24.0 12.0
1 1 0 14.318 80.0 40.0 40.0 24.0 12.0
1 1 1 TCLK** TCLK/2 TCLK/4 TCLK/3 TCLK/5 TCLK/10

* The oscillator and all PLLs are stopped to minimize power consumption in modes ‘000’ and ‘001.” All outputs maintain their last stable value in mode
‘001.” Control signals STOPO and STOP1 can be used to ensure glitch-free sart and stop when entering mode ‘001,” provided mode ‘001’ is entered after the
clocks have stopped and exited 10ms (maximum PLL lock time) prior to starting clocks.

** X1 is externally driven with TCLK in mode ‘111.

Group Clock Control
STOP1 | STOPO | SDATA | PCLK(0,1) | PCLK(2,4) | BCLK(0,5) | GRAPHIC, KEYBD,
+ + * FLOPPY REFCLK
0 0 1 Low Low Low Low Running
0 1 1 Low Low Running Running Running
1 0 1 Low Running Running Running Running
1 1 1 Running Running Running Running Running

Outputs stop and start glitch-free within on clock period. Outputs will not change state if the PLLs are off.
* Each output can be stopped and started glitch-free as described in the SDATA pin description above.
+SDATA control and STOP(0,1) control are logically ORed for each individual clock.
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Ordering Information
ICS9160-03M

Example:

ICS XXXX-PPP M

Package Type
=SOIC

Pattern Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix
ICS, AV=Standard Device
PRODUCT PREVIEW documents contain information on products in the formative or desi( g

phase of development Characteristic data and other specifications are design goals |
reserves the night to change or discontinue these products without notice
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240 MHz Clock Generator and Integrated Buffer

for PowerPC™

General Description

The ICS9178-02 generates all clocks required for high speed
PowerPC RISC microprocessor systems. Generating clocks in
phase with an external reference frequency allows the
ICS9178-02 to be used as a multiplying zero delay buffer.
Three different multiplying factors are externally selectable.
These factors can be customized for specific applications. An
external frequency can be directly applied to aid system test-
ing. With 2X processor clock speeds up to 240 MHz, PECL
outputs are provided. User selectable frequency ratios are
available for PCLK/BCLK and PCLK/XCLK. Each pair of
clocks outputs have separate supply pins to minimize output
jitter and allow them to operate at 5V, 3.3V or custom
voltage levels.

Block Diagram

Features

e Generates 2 PECL 2x processor, 2 TTL/CMOS 1x proc-
essor and 10 selectable bus clocks

e 2XPCLK ranges from 75 MHz to 240 MHz (5V or
5V/3.3V mixed supply) or 60 to 150 MHz (3.3V only)

Asymmetric duty cycle bus clock for PowerPC
Bus to processor clock skews less than +250ps
2XPCLK to PCLK skew controlled at 750 £500ps
Selectable reference multiplying factors
Selectable PCLK/BCLK and PCLK/XCLK ratios
Separate supplies allow 5V and 3.3V output mix
3.0V - 5.5V supply range

44-pin PQFP package

Applications
e Ideal for high-speed systems based on PowerPC

FBCLK —— ¥ %)—b:— 2XPCLK(0,1)
|
REFCLK —— PLL > PD—— PeLko.)
Tk |  CLOcK »> ~>—»t+— ABcLK
TEN +—>  CEN > P>—»— soiko.1)
MS(0,1) 4 pi SYNC D—D:—- DCLK
RESET\ ! LY REG I
XAS(0,1) : < > — XCLKAQ)
XBS(0,1) = -»| SELECT > XCLKB(0,1)
XCs(0,1) =L p| TRISTATE > {)—b:— XCLKC(0,1)
I
' [ |
I— — o o o o —————— — —|
PowerPC 1s a of C

1CS9178-020rgRevA 120894
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Pin Configuration

%
g £ & 8 adz g g
88085528 ﬁ g é *VCO range is limited from 75- 240 MHz at 5V 5% and 60
H H H H H H H H H H H - 150 MHz at 3.3V +5%. Divide ratios assume BCLK is
44 43 42 41 40 38 38 37 36 35 34 externally feedback to FBCLK.
VDDXBA CT|0 1 33 17 VDD
XCLKB1 (T 2 2 T xaso Rising edge of ABCLK is coincident with rising edges of
XCLKBO T 3 a1 [T XAst 2XPCLK, PCLK and other BCLKSs.
VSSXBA [T 4 30 [T xBSO
XCLKA1 [T §
xouoo ol 6 1CS9178-02 5 I xeso xS x50 XCLEOD
VoDP (T 7 77 [ xcst 0 0 PCLE
VsSSP T 8 2% [T Avss 0 1 BCLK
RESEN (T ¢ 25 [1J AVDD 1 0 DCLK
PCLK1 CT]10 24 [T EVDD 1 1 Tristate
PCLKO T 11 23 [T EvVss
121314 151617181920 21 22 _=AB,C
OHHHHHBEHEH
THiE
g § FEH: § E
44-Pin PQFP
K-11
ICS9178-02 Functionality
MS1 MSO0 RST\ TEN *VCO |2XPCLK| PCLK | ABCLK (H/L%) BCLK DCLK
0 0 1 0 6x X1 VCO VCO2 VCO/6 (66/33) VCO/6 VCO/12
0 1 1 0 8x X1 vVCo VCO/2 VCO/8 (75/25) VCO/R8 VCO/16
1 0 1 0 12x X1 VCO VCO/2 VCO/12 (66/33) VCO/12 VCO0/24
1 1 1 0 X 1 1 1 1 1
X X 0 X X 0 0 0 0 0
0 0 1 1 TCLK TCLK TCLK/2 TCLK/6 (66/33) TCLK/6 TCLK/12
0 1 1 1 TCLK TCLK | TCLK/2 TCLK/8 (75/25) TCLK/8 TCLK/16
1 0 1 1 TCLK TCLK | TCLK/2 TCLK/12 (66/33) TCLK/12 TCLK/24
1 1 1 1 TCLK TCLK | TCLK/2 TCLK/2 TCLK/2 TCLK/2
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Pin Descriptions

PIN NUMBER PIN NAME TYPE DESCRIPTION
32 XAS0 Input LSB Programmable Group A frequency selector
31 XAS1 Input MSB Programmable Group A frequency selector
6 XCLKAO Output TTL/CMOS group A programmable clock output
5 XCLKAI Qutput TTL/CMOS group A programmable clock output
30 XBSO Input LSB Programmable Group B frequency selector
29 XBS1 Input MSB Programmable Group B frequency selector
3 XCLKBO Output TTL/CMOS Group B programmable clock output
2 XCLKB1 Output TTL/CMOS Group B programmable clock output
1 VDDXBA — Power for programmable Group A and B buffers (Pins 2, 3, 5, 6)
4 VSSXBA — Ground for programmable Group A and B buffers (Pins 2, 3, 5, 6)
44 VSSXC — Ground for the programmable Group C buffers (Pins 42 and 43)
43 XCLKCO Output TTL/CMOS Group C programmable clock output
42 XCLKC1 Output TTL/CMOS Group C programmable clock output
41 VDDXC — Power for the XC signal output buffers (Pins 42 and 43)
28 XCS0 Input LSB Programmable Group C frequency selector
27 XCS1 Input MSB Programmable Group C frequency selector
11 PCLKO Output TTL/CMOS 1X Processor clock output
10 PCLK1 Output TTL/CMOS 1X Processor clock output
8 VSSP — Ground for PCLK output buffers (Pins 11 and 10)
7 VDDP — Power for PCLK output buffers (Pins 11 and 10)
22 2XPCLKO Output PECL 2X Processor clock output
21 2XPCLK1 Output PECL 2X Processor clock output
24 EVDD — Power for PECL buffers (Pins 21 and 22)
23 EVSS — Ground for PECL buffers (Pins 21 and 22)
20 EVSS - Ground for PECL buffers (Pins 21 and 22)
38* MS0 Input LSB frequency select PLL (divider mode control)
37* MS1 Input MSB frequency select PLL (divider mode control)
36 FBCLK Input External PLL feedback path from one of the BCLK outputs
35 REFCLK Input External reference clock mnput
25 AVDD — Power for the analog PLL circuitry
26 AVSS — Ground for the analog PLL circuitry
19 DCLK Output TTL/CMOS D clock output
16 VDDD — Power for D output buffers (Pin 19)
17 VSSD — Ground for D output buffer (Pin 19)
15 BCLKO Output TTL/CMOS B (Bus) clock output
14 BCLK1 Output TTL/CMOS B (Bus) clock output
13 VSSBAB — Ground for output buffers AB and B clocks (Pins 14, 15 & 18)
12 VDDBAB — Power for output buffers AB and B clocks (Pins 14, 15 & 18)
18 ABCLK Output TTL/CMOS AB Bus clock (has Asymmetric duty cycle)
40 TCLK Input External test clock input
39 TEN Input Test enable (tie low)
9 RESET\ Input Sync register reset (active low)
33 VDD — Digital power supply for 5.0 or 3.3V
34 VSS — Digital ground supply

*=Pin is pulled-up to VDD internally by the device.
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Absolute Maximum Ratings

VDD referencedtoGND ...................... v

Operating temperature underbias ............... 0°C to +70°C

Storage temperature . ............oiiiiiiiaa... -40°C to -150°C

Voltage on I/O pins referenced to GND. .......... GND -0.5V to VDD +0.5V
Powerdissipation .................. ... .. ... 0.9 Watts

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
Device Specifications

DESCRIPTION SYMBOL MIN MAX UNITS
Supply voltage relative to GND VDD -0.5 7.0 \4
Input voltage with respect to GND VIN -0.5 VDD +0.5 \
Operating temperature TopER 0 +70 °C
Storage temperature Tstor -65 +150 °C
Max soldering temperature (10 sec) TsoL +260 °C
Junction temperature T +135 °C
Package power dissipation Ppiss 800 900 mWatts

DC Characteristics

VDD =+5V £5%, 0°C < TAMBIENT < +70°C unless otherwise stated

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS

High level input voltage Vi 2.0 \

Low level input voltage Vi 0.8 \Y%

High level CMOS output voltage Von Ion=-25ma 24 \

Low level CMOS output voltage VoL Ior=25ma 0.4 v

Hiﬁh level PECL output voltage Voup 110 ohm load to ground 22 25 A%

(2XPCLK)

Low level PECL output voltage VorLp  |110 ohm load to ground 0.3 0.6 \%

(2XPCLK)

Input high current I Viu=VDD -10 10 ua

Input low current (MSX pins, pull-up) IiLi V=0V -150 ua

Input low current (other inputs) T2 V=0V -10 10 ua

Output leakage current (XCLKs) Ioz (tristate) -10 10 pa

Power supply current Iop @240 MHz on 145 165 ma
2XPCLK

Power supply current (typical) Ipp-TYr |@75 MHz on 80 90 ma

(Note 1) 2XPCLK

Input capacitance (Note 1) CiN 8 pf

Note 1: Parameter is guaranteed by design and characterization. Not tested 100% in production.
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AC Characteristics

VDD =+5V £5%, 0°C < TAMBIENT < +70°C unless otherwise stated

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS

Input Frequency (Note 1) fi 8 40.0 50.0 MHz

Input Clock Rise time (Note 1) IcLKr - - 3 ns

Input Clock Fall time (Note 1) IcLks - - 3 ns

Output Frequency (2XPCLK) fooxpcLk  |6X mode 75 240 MHz

(60 @33V (150 @ 3.3V)
Vbb)

Output Frequency 2XPCLK) fooxpcLk | 8X mode 75 - - MHz

Output Frequency 2XPCLK) fooxpcLk [ 12X mode 75 - - MH:z

Out;put Rise time, 0.8 to 2.0V trexpcLK | 15pf load - - 1.2 ns

20% to 80% (Note 1) - - 2.0 ns

Fall Time 2.0 t0 0.8 toxpcLK | 15pf load - - 1.2 ns

80% to 20% (Note 1) - 2.0 ns

Output Rise time 80% to 20% (Note 1) t(TTL) 15pf load - - 3.0 ns

Output Fall time 80% to 20% (Note 1) YTTL)f 15pf load - - 3.0 ns

Duty cycle 2XPCLK (Note 1) du 200 to 240 MHz @ 1.4V 425 50 57.5 %
110 ohm, 15pf load

Duty cycle 2XPCLK (Note 1) de 160 to 200 MHz @ 1.4V 40 50 60 %
100 ohm, 15pf load

Duty cycle ABCLK (Note 1) di3 15pfload @ 1.4V 70 75 80 %
(8X mode)

Duty cycle ABCLK (Note 1) dia 15pfload @ 1.4V 61 66 71 %
(6X and 12X mode)

Duty Cfrcle TTL (other clocks) dis 15pfload @ 1.4V 45 50 55 %

(Note 1)

Jitter 1 Sigma 2XPCLK Tyis1 for 200 to 240 MHz on - 40 - ps

(10,000 samples) (Note 1) 2XPCLK

Jitter 1 Sigma 1XPCLK B & D Tjis2 for 200 to 240 MHz on - 50 - ps

(10,000 samples) (Note 1) 2XPCLK

Jitter 1 Sigma AB clock Tjis3 for 200 to 240 MHz on - 60 - ps

(10,000 samples) (Note 1) 2XPCLK

Jitter Absolute 2XPCLK (Note 1) Thabs1 for 200 to 240 MHz on -150 80 +150 ps
2XPCLK

Jitter Absolute 1XPCLK, B, Tyabs2 for 200 to 240 MHz on -200 110 +200 ps

D clocks (Note 1) 2XPCLK

Jitter Absolute AB clock (Note 1) Tjabs3 for 200 to 240 MHz on -250 120 +250 ps
2XPCLK
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AC Characteristics (continued)

VDD =+5V 5%, 0°C < TAMBIENT < +70°C unless otherwise stated

PARAMETER SYMBOL | TEST CONDITIONS MIN TYP MAX UNITS

Jitter Absolute 2XPCLK (Note 1) Thabs4 for 200 to 240 MHz on -125 80 +125 ps
2XPCLK at VDD 4.9 to
5.2V

Jitter Absolute IXPCLK, B, Tabss  |for 200 to 240 MHz on -160 110 +160 ps

D clocks (Note 1) g)él\?‘,CLK at VDD 4.9 to

Jitter Absolute 2XPCLK (Note 1) Tjabss  |for < 200 MHz on -200 - +200 ps
2XPCLK

Jitter Absolute 1XPCLK (Note 1) Tyabs7 for < 200 MHz on -250 - +250 ps
2XPCLK

Jitter Absolute AB clock (Note 1) Tjabss for < 200 MHz on -300 - +300 ps
2XPCLK

Skew, output to output Tskewl @ 14V -250 - +250 ps

(P, B, D and AB) (Note 1)

Skew, Feedback into RefCLK Tskew2 @ 1.4V -250 -125 0 ps

Input (Note 1)

Skew, 2XPCLK to PCLK Tskews |@ 1.4V +250 750 +1250 ps

EI%IXPCII;K is later than PCLK)

ote

Note 1: Parameter is guaranteed by design and characterization. Not tested in 100% production.

Ordering Information
1CS9178-02CY44

Example:

ICS XXXX-PPP M X#W

|_ Lead Count & Package Width

Lead Count=1, 2 or 3 digits
‘W=.3" SOIC or .6” DIP; None=Standard Width

Package Type

Y=QFP
Patte?n Number (2 or 3 digit number for parts with ROM code patterns)
Device Type (consists of 3 or 4 digit numbers)
Prefix

ICS, AV=Standard Device; GSP=Genlock Device
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Pentium Applications Note

Clocking Intel Pentium-Based Systems

The Intel Pentium processor brings new levels of performance
to PC-based desktop systems. Unfortunately for the system
designer, it also places higher demands on the system clocking.
Jitter, high and low time, and skew are carefully specified.
Oscillators may be expensive or difficult to obtain for the
frequencies needed. Clock skew can be difficult to control.

ICS offers a number of solutions for the Pentium system
designer, from our workhorse, AV9155A, proven in millions
of 386 and 486 systems, to the ICS9175, with its six skew
controlled outputs. The AV9172 and ICS9176 are pin and
function compatible CMOS alternatives to GA1210 and
GA1086 GaAs PLL clock drivers.

For low cost systems, where only the processor is clocked, the
simplest solution is to use the AV9155A-23, shown in Figure
1. This clock generator features fixed outputs of 1.84, 16, 24,
12 and two 14.318 MHz. The CPU output can be selected with
the three address pins to one of eight frequencies, including
66.66, 60, and 52 MHz. A CPU/2 output is also provided,
which is skew matched to typically 200ps.

The AV9154A-27, shown in Figure 2, offers the most com-
monly used system clocks of 1.84, 24, 12 and 14.318 MHz, as
well as a single CPU output which can be set to one of eight
frequencies. The 16-pin package uses very little board space.

1.843 MHz
—» 24 MHz
143(‘& 't"“z AVO154A-27 | 5 12 MHz
l___]—L_ 3 14.318 MHz
| |, CPU
(32,40,50,52,60,66,75,80 MHz,
Figure 2

High performance systems have more demanding clock re-
quirements. The processor, cache controller, local bus accel-
erators, and PCI-EISA bridge require low skew, low jitter
clocks. The AV9172 is a phase-locked loop buffer with six
outputs - four at the CPU frequency and two at 1/2 CPU
frequency. Two of the CPU outputs can be configured as
non-overlapping clocks. The AV9172 has guaranteed skew of
250ps between outputs running at the same frequency (50ps
typical) and 500ps between 1x and 1/2x outputs. A typical
configuration is shown in Figure 3. The output frequency is
exactly 1x or 2x the input frequency with +500ps skew be-
tween input and output.

AV9172
Q5
— 66 MHz
1.843 Q4
:: 16 MHl\:HZ Q—3> 66MHz
14318MHz | avo1ssA03 | 12 MHe 33MHz | CLK ™ 5 66 MHz
XTAL > Source Q2
e ) }14.318 MHz [~ 5 66 MHz
L?‘___ : gg%,so,sz,so,es.n,ao MHz) FBIN Q_1> 33 MHz
QO 33 MHz
Figure 1 Figure 3
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Pentium Applications Note

An ideal source for the 1/2x clock required by the AV9172 is
the AV9155A-23 mentioned earlier. This gives the system
designer all the fixed clocks that he requires, as well as low
jitter, skew matched copies of the CPU and 1/2CPU clocks
(Figure 4). The AV9172 is a direct replacement for the Gazelle
GA1210, but fabricated in a high speed CMOS process rather
than expensive gallium arsenide.

—> 1.843 MHz
—> 16 MHz
—> 24 MHz
14.31inz AV9155A-23 [ 12MHz
XT > ha318 MHz

[ CPU

T —> (32,40,50,52,60,66,75,80 MHz)
—r-? CPU/2

AV9172

Q5
—> 66 MHz
—> 66MHz

3
CLK D3, 66 MHz

—> 66 MHz

at
FBIN > 33 MHz

0
Q > 33 MHz

ALL CPU AND CPU/2 OUTPUTS SKEW CONTROLLED

Figure 4

ICS9175 §1.80: 0 1 2 3

[ CPU CPU CPU CPU

: 2(1) ——>» CPU CPU CPU CPU
——>» CPU CPU CPU CPU
14.318 MHz — CPU CPU CPU/2 CPU/2
X-Iﬁ\i'— > CPU CPU CPU2 CPU/2
-I—T_I-__ > CPU CPU2 CPU CPU/2

VERSIONS AVAILABLE FOR CPU = 52, 60, AND 66 MHz

Figure 5

The ICS9175 is a single frequency clock generator which
synthesizes standard Pentium system frequencies from a low
cost 14.318 MHz crystal. Using the select pins, the designer
can allocate the six outputs to be either 1x or 1/2x outputs as
shown in Figure 5. The ICS9175 may also be driven directly
from the 14.318 MHz output of the AV9155A-23, as shown in
Figure 6. This gives the system designer all required fixed
clocks, six skew matched CPU clocks plus another CPU and
1/2 CPU output, which can be independently varied in fre-
quency.

The ICS9176 is a direct replacement for the Gazelle GA 1086,
which features ten skew matched outputs. Additional informa-
tion will be forthcoming.

|—» 1.843 MHz
|—» 16 MHz
— 24 MHz
—» 12 MHz

—>114.318 MHz

14 318 MHz
XTAL

I —
g m—

AV9155A-23

L, CPUA
(32,40,50,52,60,66,75,80 MHz)
> CPU A2

ICS9175 (choose 52, 60, OR 66 MHz versions)

—>
> } CPUB OUTPUTS
—>
—>

x1

CONFIGURE AS CPU B
OR CPU B/2 OUTPUTS
—>

ALL CPU A AND CPU B FREQUENCIES ARE INDEPENDENT

Figure 6
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ICS
Special Purpose IC
Products

With a well established foundation in both video and motherboard clock generators,
ICS is committed to providing our customers with any form of products that will
produce tighter integration, reduced component costs and lower manufacturing
costs.

In this issue of the ICS Data Book, ICS provides many special purpose clock
generators that address the audio, embedded system and high accuracy needs of our
customers.

As a market-oriented company, ICS welcomes inquires concerning our new product
areas or other frequency synthesis applications.
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Special Purpose IC Products Guide

Product I1CS
Applications Device Type Description Package Types Page
Motherboard ICS1694A Single Crystal Generates Three 8-Pin D-3
Low-Jitter Clocks. DIP, SOIC
Disk Drive or AV9110 User-Programmable “On-the-Fly”’; 14-Pin D-7
Video Low-Jitter makes it ideal for Disk DIP, SOIC
Drive or Video Applications.
RAMBUS 1CS9111-01 High Frequency Clock for RAMBUS 8-Pin SOIC D-17
Systems.
ICS9123 High Resolution Clock Generator; One 16- or 20-Pin D-19
Modem Channel has Accuracy to within 50 DIP, SOIC
Ethernet PPM and making 1t ideal for
AD1848 Modem, Ethernet and AD1848
Applications.
Telecom, Radio, AV9170 Clock Synchronizer and 8-Pin D-21
Video, Motherboard Multiplier. DIP, SOIC
Pentium AV9172 Low Skew Output Buffer. Low Skew 16-Pin D-37
and Jitter make it ideal for Pentium DIP, SOIC
Applications.
Video Genlock AV9173 Low Cost Video Genlock PLL. 8-Pin D-45
DIP, SOIC
Pentium PCs or 1CS9175 Low Skew Output Buffer Crystal 16-Pin D-51
Workstations Generates Six Low Skew, DIP, SOIC
Low-Jitter Clocks.
Pentium or ICS9176 Input Clock Generates I/O Low Skew, 28-Pin PLCC D-57
PLI Low-Jitter Outputs. Ideal for Pentium
or PLI Applications.
High Frequency 1CS9177 High Frequency Clock Generator. 52-Pin QFP D-63
Motherboard High-Performance, Low Skew,
PECL and TTL Output
Motherboard Clock Generator.

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 contain 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
Circuit
Systems, Inc.

ICS1694A

Product Preview

Mini-Motherboard Clock Generator

Description

The ICS1694A Mini-Motherboard Clock Generator has been
developed to give designers a unique, efficient (cost, size, and
power) means of generating the various clocks required in a
digital system. The initial patterns being offered as standards
are summarized in Table 1.

The low cost and small size of the ICS1694A allow the
designer to use multiple devices (different patterns) in a system
in order to generate the clock signals physically close to the
requirement, instead of having long PCB board traces trans-
mitting (and radiating) the signals.

The ICS1694A contains all the passive components required
for a crystal oscillator or it may be driven by a clock signal. In
some applications, one of the outputs of one ICS1694A will
be used as the clock input of a second or third ICS1694A, thus
requiring only one quartz crystal for the system and, in the
process, synchronizing all the clock signals to the crystal
oscillator.

The ICS1694A contains a single PLL. Therefore all output
frequencies, other than the buffered crystal oscillator, must be
the result of an integer division of the PLL frequency. For
instance, if the PLL operates at 120 MHz, the outputs could be
aselection of three of any of the following: 120 MHz, 60 MHz,
40 MHz, 30 MHz, 24 MHz, 20 MHz, 15 MHz, 12 MHz, 10
MHz, 8 MHz, 6 MHz, etc. More detail concerning the options
is given in the section titled PATTERNS.

Features

e Low Cost Motherboard Clock Generator
e Small Footprint, space-saving package

e  Very Flexible Architecture

e  Advanced PLL design

e Upgraded the ICS1694 to include Output Enable and
higher frequency capabilities

e Many standard patterns available

Applications

e Any design requiring clocking signals or count down
chains derived from a clock signal

e Memory refresh

e Keyboard

e Serial port

e  Floppy Disk

e Hard Disk

¢ CPU

e Co-processor

vob |1 - g | — ourt
AVDD/OE | 2 7 L oum
os _|3 6 | ouTs
0sC2 __| 4 5 | vss

8-Pin DIP or SOIC
K-3, K-6

ICS1694ARevA091294




ICS1694A

Options

Pin 2 may be bonded to serve as either AVDD (analog positive
supply) or OE (output enable). The outputs (OUT1, OUT2, and
OUT3) will be enabled when OE is held high. OE has internal
pull-up so it may be allowed to float.

If particularly stable outputs are required, the option with pin
2 bonded as AVDD is recommended. AVDD should be driven
by the system’s analog supply, if available. In some applica-
tions where only a digital supply is available, AVDD can be
driven from the digital VDD supply through a simple RC
decoupling circuit. The voltage drop across the series resistor
should be held to less than 250 mwv. It is difficult to generalize
across all applications, but in the majority of cases the perform-
ance of the ICS1694A is completely satisfactory when used with
power supplied only to pin 1 and pin 2 bonded as Output Enable.

Patterns

A number of standard patterns will be offered which will
satisfy most of the typical requirements of the PC market. New
patterns are continuously being added as new applications
surface. ICS welcomes suggestions for new patterns and will
also fabricate custom patterns as described in the following
paragraph.

The ICS1694A contains one PLL-VCO which is mask pro-
grammable to any frequency up to 180 MHz. The chip contains
anumber of counter stages which can be used to count the VCO
frequency down to the desired output frequencies. The output
frequencies are derived by dividing the VCO frequency by an
integer.This is a limitation on the frequencies which can be
generated in the same chip since each frequency must be
derived from the same VCO frequency.

Absolute Maximum Ratings

For instance, pattern 010 programs the VCO to 120 MHz.
Then adivide by 3 yields 40 MHz; a divide by 4 yields 30 MHz;
and adivide by 5 yields 24 MHz. Obviously, some of the divide
chains can and are combined. An output may also be the crystal
oscillator frequency or that frequency divided by an integer.

It should also be considered that the input does not have to be
14.318 MHz, but can be any fundamental mode crystal up to
25 MHz. Table 1 lists the frequencies available from the
various patterns. For any of these patterns, the crystal fre-
quency (and thus the PLL-VCO frequency) may be changed
and the output frequencies will be scaled accordingly. For
instance, if the crystal frequency used is one half of that listed
in Table 1, the actual output frequencies will be one half those
listed in the table. Also options are available which will work
with an overtone crystal.

Supply Voltage . . . . .. .. Vbp......... -0.5V to +7V

Input Voltage . . . . ... .. VIN . .. ... -0.5V to Vpp+0.5V
Output Voltage . . . .. ... Vour ........ -0.5V to Vpp+0.5V
Clamp Diode Current Vik&Iok . .... +/-30mA

Output CurrentperPin . . . . Iour ........ +/-50mA
Operating Temperature . . . . To . . . . ... ... 0°Cto70°C
Storage Temperature . . . . . Ts.......... -85 °Cto +150 °C
Power Dissipation . . .. .. Po.......... 300mW

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 VouT be constrained
to'>= Vss and <=Vpp.




ICS1694A

DC Characteristics (0°C to 70°C)

SYMBOL | PARAMETER | MIN \ MAX UNITS I CONDITIONS
5.0V £ 5% OPERATION
VDD Operating Voltage Range 4.75 5.25 \
VIL Input Low Voltage Vss 0.8 \% VDD =5V
VIH Input High Voltage 2.0 Vpb \ Vpp =5V
ILu Input Leakage Current - 10 HA VIN = Vee
VoL Output Low Voltage - 0.4 \Y IoL =4.0 mA
VoH Output High Voltage 24 - \4 Ion =4.0 mA
Ipp Digital Supply Current - 30 mA Vpp =5V, VCO = 120 MHz
IAA Analog Supply Current 8 mA Vpp =5V, VCO = 120 MHz
Cin Input Pin Capacitance - 8 pF Fc=1MHz
Cout Output Pin Capacitance - 12 pF Fc=1MHz
3.3V +10% OPERATION
Ipp Digital Supply Current - 20 mA Vpp = 3.3V, VCO =120 MHz
IaA Analog Supply Current - 6 mA Vpp =3.3V, VCO = 120 MHz

If the OE option is used, IDD will be the sum of both the digital and analog supply currents.

AC Timing Characteristics

The following notes apply to all of the parameters presented in this section:

. Xtal Frequency = 14.318 MHz, unless 