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Intel® 815 Chipset Platform

Introduction

1.1.

Design Guide

This design guide organizes Intel’s design recommendations for Intel® 815 chipset systems. In addition
to providing motherboard design recommendations such as layout and routing guidelines, this document
also addresses system such design issues as thermal requirements for Intel® 815 chipset systems.

Design recommendations, board schematics, debug recommendations, and a system checklist are
covered. These design guidelines have been developed to ensure maximum flexibility for board
designers, while reducing the risk of board-related issues.

The Intel schematics in this document can be used as references for board designers. While the included
schematics cover specific designs, the core schematics remain the same for most Intel® 815 chipset
platforms. The debug recommendations should be consulted when debugging an Intel” 815 chipset
system. However, these debug recommendations should be understood before completing board design,
to ensure the correct implementation of the debug port, in addition to other debug features.

Reference Documents

o Intel® 815 Chipset Family: 82815 Graphics and Memory Controller Hub (GMCH) Datasheet
(document number: 290688)
(http://developer.intel.com/design/chipsets/designex/298233.htm)

o Intel® 828024AB/82802AC Firmware Hub (FWH) Datasheet (document number: 290658)

o [ntel® 8280144 (ICH) and 828014B (ICH0) I/O Controller Hub Datasheet
(document number: 290655)

o Pentium® Il Processor AGTL+ Guidelines (document number: 243330)

o Pentium® Il Processor Power Distribution Guidelines (document number: 243332)

o Pentium® Il Processor Developer's Manual (document number: 243341)

o Pentium® lll Processor Specification Update (latest revision from website)

o AP 907 Pentium® Ill Processor Power Distribution Guidelines (document number: 245085)
o AP-585 Pentium® Il Processor AGTL+ Guidelines (document number: 243330)

o AP-587 Pentium® Il Processor Power Distribution Guidelines (document number: 243332)
o CK97 Clock Synthesizer Design Guidelines (document number: 243867)

e PCI Local Bus Specification, Revision 2.2

o Universal Serial Bus Specification, Revision 1.0

e VRM 8.4 DC-DC Converter Design Guidelines (when available)
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1.2.
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System Overview

The Intel® 815 chipset contains a Graphics Memory Controller Hub (GMCH) component for desktop
platforms. It provides the processor interface, DRAM interface, hub interface, and an AGP interface or
internal graphics. It is optimized for the Intel® Pentium®Ill and Intel® Celeron™ processors and the ICH.
This product provides flexibility and scalability in graphics and memory subsystem performance.
Competitive internal graphics can be scaled via an AGP card interface, and PC100 SDRAM system
memory can be scaled to PC133 system memory.

The Accelerated Hub Architecture interface (the chipset component interconnect) is designed into the
chipset to provide an efficient, high-bandwidth communication channel between the 82815 GMCH and
the I/O hub controller. The chipset architecture also enables a security and manageability infrastructure
through the Firmware Hub component.

An ACPI-compliant Intel® 815 chipset platform can support the Full-on (S0), Stop Grant (S1), Suspend
to RAM (S3), Suspend to Disk (S4), and Soft-off (S5) power management states. Through the use of an
appropriate LAN device, the chipset also supports Wake-on-LAN" for remote administration and
troubleshooting. The chipset architecture removes the requirement of the ISA expansion bus that
traditionally was integrated into the I/O subsystem of PCIsets/AGPsets. This removes many of the
conflicts experienced when installing hardware and drivers into legacy ISA systems. The elimination of
ISA provides true plug-and-play for the platform. Traditionally, the ISA interface was used for audio and
modem devices. The addition of AC’97 allows the OEM to use software-configurable AC’97 audio and
modem coder/decoders (codecs), instead of the traditional ISA devices.
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1.2.1. System Features

The Intel® 815 chipset contains two core components: the 82815 Graphics and Memory Controller Hub
(GMCH) and the 82801AA 1/0 Controller Hub (ICH). The GMCH integrates a 66/100/133-MHz, P6
family system bus controller, integrated 2D/3D graphics accelerator or AGP(2X/4X) discrete graphics
card, 100/133-MHz SDRAM controller, and a high-speed accelerated hub architecture interface for
communication with the ICH. The ICH integrates an Ultra ATA/66 (ICH) controller, USB host
controller, LPC interface controller, FWH interface controller, PCI interface controller, AC’97 digital
controller, and a hub interface for communication with the GMCH.

Figure 1. System Block Diagram

Intel® Pentium® 111
processor

66/100/133 MHz system bus

Chipset
AGP graphics card
or AGP 2X/4X
display cache AIMM
AGP in-li dul
( in-line memory module) GMCH
(544 BGA) 100/133 MHz
Analog display out ——— SDRAM
Digital video out ¢—————
Hub interface
2x USB ——— PCl bus
2x IDE ———— PCI slots
© Audio codec
At dhbt b : AC97 ICH
: Modem codec :
""""""""" LPC IIF
KBC/SIO

FWH

sys_blk
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1.2.2.

Component Features

Figure 2. Component Block Diagram

1.2.2.1.
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e |
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|
Lo $ _____________________________ ]
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1.2.2.1.1. Processor/System Bus Support

e Optimized for the Intel® Pentium® Il processor at 133-MHz system bus frequency

e Support for Intel” Celeron™ processors (FC-PGA) 533A and >566 MHz (66-MHz system bus) and
Intel Pentium IlI processors (FC-PGA) (100-MHz / 133-MHz system bus)

e Supports 32-bit AGTL+ bus addressing. (No support for 36-bit address extension.)

e Supports uniprocessor systems.

e AGTL+ bus driver technology (gated AGTL+ receivers for reduced power)
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1.2.21.2. Integrated DRAM Controller

32 MB to 256 MB using 64-Mb technology; 512 MB using 128-Mb technology
Supports up to 3 double-sided DIMMS (6 rows).

100-MHz, 133-MHz SDRAM interface

64-bit data interface

Standard SDRAM (synchronous) DRAM support (x-1-1-1 access)

Supports only 3.3-V DIMM DRAM configurations.

No registered DIMM support

Support for symmetrical and asymmetrical DRAM addressing

Support for x8, x16 DRAM device widths

Refresh mechanism: CAS-before-RAS only

Support for DIMM serial PD (presence detect) scheme via SMBus interface
STR power management support via self-refresh mode using CKE

1.2.2.1.3.  Accelerated Graphics Port (AGP) Interface

Supports a single AGP (2X/4X) device (either via a connector or on the motherboard).

Synchronously coupled to the host with 1:1 (66-MHz), 2:3 (100-MHz) and 1:2 (133-MHz) clock
ratio

AGP Support

Supports AGP 2.0, including 4X AGP data transfers, but not the 2X/4X Fast Write protocol.

AGP universal connector support via dual-mode buffers to allow AGP 2.0 3.3-V or 1.5-V signaling
32-deep AGP request queue

AGP address translation mechanism with integrated fully associative 20-entry TLB

High-priority access support

Delayed transaction support for AGP reads that can not be serviced immediately

AGP semantic traffic to the DRAM is not snooped on the system bus and therefore is not coherent
with the processor caches.

1.2.2.1.4. Integrated Graphics Controller

Full 2D/3D/DirectX acceleration

Texture-mapped 3D with point-sampled, bilinear, trilinear, and anisotropic filtering
Hardware setup with support for strips and fans

Hardware motion compensation assist for software MPEG/DVD decode

Digital Video Out interface adds support for digital displays and TV-Out.

PC9X compliant

Integrated 230-MHz DAC

15



Intel® 815 Chipset Platform

1.2.2.2.

1.2.2.3.

16

1.2.2.1.5.

0 MB to 4 MB (via AIMM) using zero, one or two parts
32-bit data interface

133-MHz memory clock

Supports ONLY 3.3-V SDRAMs

1.2.2.1.6. Packaging/Power

544 BGA with local memory port

Integrated Local Graphics Memory Controller (Display Cache)

e 1.85-V (3% within margins of 1.795 V to 1.9 V) core and mixed 3.3-V, 1.5-V and AGTL+ I/O

I/0 Controller Hub (ICH)

The 1/0 Controller Hub provides the I/O subsystem with access to the rest of the system, as follows:

Upstream accelerated hub architecture interface for access to the GMCH
PCI 2.2 interface (6 PCI Req/Grant pairs)

Bus master IDE controller; supports Ultra ATA/66
USB controller

I/O APIC

SMBus controller

FWH interface

LPC interface

AC’97 2.1 interface

Integrated system management controller

Alert on LAN*

IRQ controller

1.2.2.2.1. Packaging/Power

241 mBGA
3.3-V core and 1.8-V and 3.3-V standby

Firmware Hub (FWH)

The hardware features of this device include:

Integrated hardware Random Number Generator (RNG)
Register-based locking

Hardware-based locking

5 GPIs

1.2.2.3.1. Packaging/Power

40L TSOP and 32L PLCC
3.3-V core and 3.3 V/ 12 V for fast programming
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Intel® 815 Chipset Platform

Platform Initiatives

Intel® PC 133

The Intel PC 133 initiative provides the memory bandwidth necessary to obtain high performance from
the Intel Pentium 1l processor and AGP graphics controllers. The Intel 815 chipset SDRAM interface
supports 100-MHz and 133-MHz operation. The latter delivers 1.066 GB/s of theoretical memory
bandwidth, compared with the 800-MB/s theoretical memory bandwidth of 100-MHz SDRAM systems.

Accelerated Hub Architecture Interface

As the I/O speed has increased, the demand placed on the PCI bus by the 1/O bridge has become
significant. With the addition of AC’97 and Ultra ATA/66, coupled with the existing USB, 1/0
requirements could affect PCI bus performance. The Intel 815 chipset’s accelerated hub architecture
ensures that the I/O subsystem, both PCI and integrated I/O features (e.g., IDE, AC’97, USB), receives
adequate bandwidth. By placing the I/O bridge on the accelerated hub architecture interface, instead of
PCI, I/O functions integrated into the ICH and the PCI peripherals are ensured the bandwidth necessary
for peak performance.

Internet Streaming SIMD Extensions

The Intel Pentium Il processor provides 70 new SIMD (single-instruction, multiple-data) instructions.
The new extensions are floating-point SIMD extensions. Intel MMX™ technology provides integer
SIMD instructions. The Internet Streaming SIMD extensions complement the Intel MMX technology
SIMD instructions and provide a performance boost to floating-point-intensive 3D applications.

AGP 2.0

The AGP 2.0 interface allows graphics controllers to access main memory at more than 1GB/s, which is
twice the bandwidth of previous AGP platforms. AGP 2.0 provides the infrastructure necessary for
photorealistic 3D. In conjunction with the Internet Streaming SIMD Extensions, AGP 2.0 delivers the
next level of 3D graphics performance.
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Manageability

The Intel 815 chipset platform integrates several functions designed to manage the system and lower the
system’s total cost of ownership (TCO). These system management functions are designed to report
errors, diagnose the system, and recover from system lockups, without the aid of an external
microcontroller.

TCO Timer

The ICH integrates a programmable TCO Timer. This timer is used to detect system locks. The first
expiration of the timer generates an SMI# that the system can use to recover from a software lock. The
second expiration of the timer causes a system reset to recover from a hardware lock.

Processor Present Indicator

The ICH looks for the processor to fetch the first instruction after reset. If the processor does not fetch
the first instruction, the ICH will reboot the system.

Function Disable

The ICH provides the ability to disable the following functions: AC'97 Modem, AC'97 Audio, IDE,
USB, and SMBus. Once disabled, these functions no longer decode 1/0O, memory or PCI configuration
space. Also, no interrupts or power management events are generated by the disabled functions.

Intruder Detect

The ICH provides an input signal, INTRUDER#, that can be attached to a switch that is activated when
the system case is opened. The ICH can be programmed to generate an SMI# or TCO event as the result
of an active INTRUDER# signal.

Alert on LAN*

The ICH supports Alert on LAN. In response to a TCO event (intruder detect, thermal event, processor
boot failure), the ICH sends a hard-coded message over the SMBus. A LAN controller supporting the
Alert on LAN protocol can decode this SMBus message and send a message over the network to alert the
network manager.
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AC’97

The Audio Codec 97 (AC’97) specification defines a digital link that can be used to attach an audio
codec (AC), a modem codec (MC), an audio/modem codec (AMC) or both an AC and an MC. The
AC’97 specification defines the interface between the system logic and the audio or modem codec,
known as the AC’97 Digital Link.

As the platform migrates away from ISA, the ability to add cost-effective audio and modem solutions is
important. The AC’97 audio and modem components are software configurable, which reduces
configuration errors. The chipset’s AC’97 (with the appropriate codecs) not only replaces ISA audio and
modem functionality, but also improves overall platform integration by incorporating the AC’97 digital
link. Using the Intel 815 chipset’s integrated AC’97 digital link reduces the cost and facilitates the
migration from ISA.

The ICH is an AC’97-compliant controller that supports up to two codecs, with independent PCI
functions for audio and modem. The ICH communicates with the codec(s) via a digital serial link called
the AC-link. All digital audio/modem streams and command/status information are communicated over
the AC-link. Microphone input and left and right audio channels are supported for a high-quality, two-
speaker audio solution. Wake-on-ring-from-suspend also is supported with an appropriate modem codec.

By using an audio codec, the AC’97 digital link allows for cost-effective, high-quality, integrated audio
on the platform. In addition, an AC’97 soft modem can be implemented with the use of a modem codec.
Several system options exist when implementing AC’97. The chipset’s integrated digital link allows two
external codecs to be connected to the ICH. The system designer can provide audio with an audio codec
or a modem with a modem codec. For systems requiring both audio and a modem, there are two
solutions: The audio codec and the modem codec can be integrated into an AMC, or separate audio and
modem codecs can be connected to the ICH.

The modem implementation for different countries should be considered, because telephone systems
vary. When a split design is used, the audio codec can be on board, and the modem codec can be placed
on a riser. Intel is developing a second-generation AC’97 digital link connector called the
Communications and Networking Riser (CNR). With a single integrated codec, or AMC, both audio and
modem can be routed to a connector near the rear panel, where the external ports can be located.

Low-Pin-Count (LPC) Interface

In the Intel 815 chipset platform, the Super I/O (SIO) component has migrated to the Low-Pin-Count
(LPC) interface. Migration to the LPC interface allows for lower-cost Super I/O designs. The LPC Super
I/O component requires the same feature set as traditional Super I/O components. It should include a
keyboard and mouse controller, floppy disk controller, and serial and parallel ports. In addition to the
Super I/O features, an integrated game port is recommended, because the AC’97 interface does not
provide support for a game port. In systems with ISA audio, the game port typically existed on the audio
card. The fifteen-pin game port connector provides for two joysticks and a two-wire MPU-401 MIDI
interface. Consult your preferred Super I/O vendor for a comprehensive list of the devices offered and
the features supported.

In addition, depending on system requirements, specific system I/O requirements may be integrated into
the LPC Super I/0. For example, a USB hub can be integrated to connect to the ICH USB output and
extend it to multiple USB connectors. Other SIO integration targets include a device bay controller or
ISA-IRQ - to - serial-IRQ converter that supports a PCI-to-ISA bridge. Contact your Super I/O vendor to
ensure the availability of the desired LPC Super /O features.
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Security — The Intel® Random Number Generator

The Intel 815 chipset based system contains the first of Intel’s platform security features, the Intel®
Random Number Generator (RNG). The RNG is a component of the Intel® 82802 Firmware Hub
(FWH), and it supplies applications and security middleware products with true nondeterministic random
numbers, through the Intel® Security Driver.

Better random numbers lead to better security. Most cryptographic functions, especially functions that
provide authentication or encryption services, require random numbers for purposes such as key
generation. One attack on those cryptographic functions is to predict the random numbers being used to
generate those keys. Current methods that use system and user input to seed a pseudorandom number
generator have proved vulnerable to those attacks. The RNG uses thermal noise across a resistor to
generate true nondeterministic, unpredictable random numbers.

Applications often access cryptographic functions through security middleware products such as
Microsoft's CAPT*, RSA's BSAFE* and the OpenGroup's CDSA*. Intel is working to ensure that
middleware products and applications are enabled to take advantage of this capability. By implementing
the BIOS requirements and testing and loading the Intel Security Driver, you can ensure that the Intel
RNG is enabled on your platform design.

The ICH BIOS specification contains complete details of the BIOS requirements for enabling the RNG.
In summary, the system BIOS must contain a System Device Node for the FWH device for plug-and-play
operating systems to use the Random Number Generator through the Security Driver. The devnode is
required for the operating system to find the FWH at enumeration time, and the specific devnode number
associates the FWH with the Security Driver.

e The BIOS must report a single device node for the FWH.

o Intel'specific EISA ID (devnode number must be INT0800)
e Device type: System peripherals/other

e Device attrib: Nonconfigurable and cannot be disabled

e ANSI ID string: “Intel FWH”

e Memory range descriptor: Describing feature space

e For PnP operating systems, BIOS ranges are allocated through E820h and ACPI structures, as in
current BIOSes.

e For non-PnP operating systems, FWH ranges should be reserved through the Int 15h E820h
function.

A complete Intel 815 chipset system must have the Security Driver loaded, for applications to take
advantage of the Random Number Generator. The Security Driver implements an interface that
middleware and some applications call to access the RNG. The Security Driver can be obtained from the
PCG chipset driver download website at http://developer.intel.com/design/chipsets/drivers/SWDev/.
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General Design Considerations

2.1.

This chapter documents motherboard layout and routing guidelines for Intel® 815 chipset systems. This
chapter does not discuss the functional aspects of any bus or the layout guidelines for an add-in device.

If the guidelines listed in this document are not followed, it is very important that thorough signal
integrity and timing simulations be completed for each design. Even when the guidelines are followed, it
is recommended that critical signals be simulated to ensure proper signal integrity and flight time. Any
deviation from these guidelines should be simulated.

The trace impedance typically noted (i.e., 60 Q + 15%) is the “nominal” trace impedance for a
5-mil-wide trace. That is, it is the impedance of the trace when not subjected to the fields created by
changing current in neighboring traces. When calculating flight times, it is important to consider the
minimum and maximum impedance of a trace, based on the switching of neighboring traces. Using wider
spaces between the traces can minimize this trace-to-trace coupling. In addition, these wider spaces
reduce the settling time.

Coupling between two traces is a function of the coupled length, the distance separating the traces, the
signal edge rate, and the degree of mutual capacitance and inductance. To minimize the effects of trace-
to-trace coupling, the routing guidelines documented in this section should be followed.

Additionally, these routing guidelines are created using a PCB stack-up similar to that illustrated in the
following figure.

Nominal Board Stackup

The Intel 815 chipset platform requires a board stack-up yielding a target impedance of 60 Q + 15%,
with a 5-mil nominal trace width. The following figure shows an example stack-up that achieves this. It is
a 4-layer printed circuit board (PCB) construction using 53%-resin, FR4 material.

Figure 3. Board Construction Example for 60-Q Nominal Stackup

Design Guide
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Intel® 815 Chipset Platform

Component Quadrant Layouts

Figure 4. Intel® 815 Chipset GMCH 544 mBGA Quadrant Layout (Top View)
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This diagram illustrates the relative signal quadrant locations on the Intel 815 chipset GMCH ballout. It
does not represent the actual ballout. Refer to the Intel” 815 Chipset Family: 82815 Graphics and
Memory Controller Hub (GMCH) Datasheet for the actual ballout.
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Figure 5. ICH 241 mBGA Quadrant Layou

t (Top View)
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This diagram illustrates the relative signal quadrant locations on the ICH ballout. It does not represent
the actual ballout. Refer to the Intel® 8280144 (ICHI) and 828014B (ICH0) I/O Controller Hub

Datasheet for the actual ballout.
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Figure 6. Firmware Hub (FWH) Packages
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3.1. Intel® 815 Chipset Component Placement

The component placement shown in the following figure assumes a 4-layer, Micro-ATX motherboard
with top-side-only component population (single-sided assembly).

Figure 7. Micro-ATX Placement Example
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4. System Bus Design Guidelines

The next generation of the Intel® Pentium® Ill processor delivers higher performance by integrating the
level 2 cache into the processor and running it at the core speed. In addition, the Intel® Pentium® I
processor will run at a higher core and system bus speed than previous-generation IA-32 processors. The
Intel® Pentium® Ill processor maintains hardware and software compatibility with the current Intel®
Pentium” |1l processors. A new package technology enables the Intel” Pentium® IIl processor in a
PGA370 socket. This is referred to as the Intel® Pentium® Il Flip Chip-Pin Grid Array (FC-PGA)
processor.

This section explains the design considerations for flexible platforms capable of using the Intel® 815
chipset with the full range of Intel® Celeron™ processor > 566 MHz and Intel® Pentium® Il processors
that use the PGA370 socket.

4.1.1. Terminology

In this document, the following terminology applies:

e Flexible PGA370 refers to new-generation Intel® 815 chipsets that use a new, “flexible” PGA370
socket. In general, these designs support 66/100/133-MHz system bus operation, VRM 8.4 DC-DC
Converter Guidelines, and Intel Celeron™ processor (PPGA) > 566 MHz and FC-PGA Intel®
Pentium® |1l processors in single-microprocessor-based designs.

e The system bus speed supported by the design is based on the capabilities of the used processor,
chipset, and clock driver.

e All references to Intel® Celeron™ processors are to the Intel® Celeron™ processor 533A and
>566 MHz processors.

4.2. System Bus Routing Guidelines

The following layout guide supports designs using Intel® Pentium® Il processors (FC-PGA) and Intel®
Celeron™ processors, with the Intel® 815 chipset. The solution covers system bus speeds of 66 MHz for
the Intel” Celeron™ processor and 100/133 MHz for FC-PGA Intel” Pentium® Il processors. The
solution proposed for this segment requires the motherboard design to terminate the system bus AGTL+
signals with 56-Q+5% Rtt resistors. Intel® Pentium® Il processors must also be configured to 110-Q
internal Rtt resistors.
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Initial Timing Analysis

The following table lists the AGTL+ component timings of the processors and 82815 GMCH defined at
the pins. These timings are for reference only. Obtain each processor’s specifications from its
electrical, mechanical, and thermal specification.

Table 1. FCPGA Processor and Intel® 815 Chipset GMCH AGTL+ Parameters for Example

Calculations

IC Parameters FC-PGA Processor at 133-MHz System Bus Intel® 815 Chipset Notes
GMCH
Clock to Output 3.25ns 4.1 2

maximum (Tco_max) (for 66/100/133-MHz system bus speeds)

Clock to Output 0.40 ns 1.05 2
minimum (Tco_miN) (for 66/100/133-MHz system bus)

Setup time (Tsu_mIN) 1.20 ns for BREQ lines 2.65 23
0.95 for all other AGTL+ Lines @ 133 MHz
1.20 ns for all other AGTL+ Lines @ 66/100 MHz

Hold time (TrHoLp) 1.0ns 0.10
(For 66/100/133-MHz system bus speeds)

NOTES:
1. All times in nanoseconds.

2. Numbers in table are for reference only. These timing parameters are subject to change. Check the appropriate
component documentation for the valid timing parameter values.

3. Tsu_miN = 2.65 ns assumes that the 82815 GMCH sees a minimum edge rate equal to 0.3 V/ns.

The following table lists example AGTL+ initial maximum flight times and Table 3 lists example
minimum flight time calculations for a 133-MHz, uniprocessor system using the FC-PGA processor/
Intel 815 chipset system bus. Note that assumed values were used for clock skew and clock jitter. Clock
skew and clock jitter values depend on the clock components and distribution method chosen for a
particular design and must be budgeted into the initial timing equations as appropriate for each
design.

The data in the following two tables were derived assuming the following:

o CLKskew =0.20 ns
(Note: Assumes that the clock driver pin-to-pin skew is reduced to 50 ps by tying two host clock
outputs together (i.e., “ganging”) at the clock driver output pins, and that the PCB clock routing
skew is 150 ps. The system timing budget must assume 0.175 ns of clock driver skew, if outputs are
not tied together and a clock driver that conforms to the CK815 Clock Synthesizer/Driver
Specification is used.)

[ CLKJITTER =0.250 ns

See the respective processor’s electrical, mechanical, and thermal specification, appropriate Intel 815
chipset documentation, and the CK815 Clock Synthesizer/Driver Specification for details on the clock
skew and jitter specifications. Exact details regarding the host clock routing topology are provided with
the platform design guideline.
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Table 2. Example Tr 1t wax Calculations for 133-MHz Bus

Driver | Receiver | Clk Period2 | Tco max | Tsu MIN | Clkskew | CIkJITTER | MAaDJ | Recommended
- - TFLT_MAX
Processor| GMCH 7.50 3.25 2.65 0.20 0.25 0.40 1.1
GMCH | Processor 7.50 4.1 1.20 0.20 0.25 0.40 1.35

NOTES:
1. All times in nanoseconds.
2. BCLK period =7.50 ns @ 133.33 MHz.

Table 3. Example Tg ; yy Calculations (Frequency Independent)

Design Guide

Driver Receiver | THOLD | CIkKSKEW | TCO_MIN [ Recommended TFLT_MIN

Processor| GMCH 0.10 0.20 0.40 0.10
GMCH | Processor 1.00 0.20 1.05 0.15
NOTES:

1. All times in nanoseconds.

The flight times in Table 2 include the margin, to account for the following phenomena that Intel
observed when multiple bits switched simultaneously. These multi-bit effects can adversely affect the
flight time and signal quality and sometimes are not accounted for in the simulation. Accordingly, the
maximum flight times depend on the baseboard design, and additional adjustment factors or margins are
recommended.

e SSO push-out or pull-in

¢ Rising or falling edge rate degradation at the receiver, caused by inductance in the current return
path, which requires extrapolation that causes additional delay

e Cross-talk on the PCB and inside the package can cause signal variation.

There are additional effects that may not necessarily be covered by the multi-bit adjustment factor and
should be budgeted as appropriate for the baseboard design. Examples include:

o The effective board propagation constant (Sgz), which is a function of:
— Dielectric constant (€r) of the PCB material
— Type of trace connecting the components (stripline or microstrip)
— Length of trace and component load on the trace. Note that the board propagation constant

multiplied by the trace length is a component of the flight time, but is not necessarily equal
to the flight time.
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General Topology and Layout Guidelines

The following topology and layout guidelines are preliminary and subject to change. The guidelines are
derived from empirical testing with the Intel® 810E chipset as well as correlative simulations with very
preliminary Intel 815 chipset package models. Refer to the Intel® Celeron™ Processor Datasheet and the
Intel® Pentium® Ill Processor for the PGA370 Socket Datasheet for detailed information on processor
signal groups and pin definitions, as referenced later.

In the Single-Ended Termination(SET) topology for the 370-pin socket (PGA370), the termination
should be placed close to the processor on the motherboard. No termination is present at the chipset end
of the network. For this reason, SET will exhibit much more ringback than the dual-terminated topology.
Extra care is required in SET simulations to ensure that the ringback specs are satisfied under the worst-
case signal quality conditions. Intel® 815 chipset designs require all AGTL+ signals to be terminated
with a 56-Q termination on the motherboard. To satisfy the processor signal integrity requirements, it is
highly recommended that all system bus signal segments be referenced to the ground plane for the
entire route.

Figure 8. Topology for 370-Pin Socket Designs with Single-Ended Termination (SET)

Vit

56 Q

L1 L3 12

GMCH < > PGA370 socket

\/
A

L(1):  Z,=60Q+15%

sys_bus_topo_PGA370

Table 4. Segment Descriptions and Lengths for the Previous Figure
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Segment Description Min. Length (in.) Max. Length (in.)
L1+L2 GMCH to Rtt Stub 1.90 4.50
L2 PGA370 Pin to Rit stub 0.0 0.20
L3 Rtt Stub length 0.50 2.50
NOTES:

1. All AGTL+ bus signals should be referenced to the ground plane for the entire route.

e AGTL+ signals should be routed with trace lengths within the range specified for L1+L2 from the
processor pin to the chipset.

e Use an intragroup AGTL+ spacing to line width to dielectric thickness ratio of at least 2:1:1 for
microstrip geometry. If €, = 4.5, this should limit coupling to 3.4%. For example, intragroup
AGTL+ routing could use 10-mil spacing, 5-mil traces, and a 5-mil prepreg between the signal layer
and the plane it references (assuming a 4-layer motherboard design).

e The recommended trace width is 5 mils, but not wider than 6 mils.
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The following table contains the trace width:space ratios assumed for this topology. Three cross-talk
cases are considered in this guideline: Intragroup AGTL+, Intergroup AGTL+, and AGTL+ to non-
AGTL+. Intragroup AGTL+ cross-talk involves interference between AGTL+ signals within the same
group. Intergroup AGTL+ cross-talk involves interference by AGTL+ signals in a particular group with
AGTL+ signals in a different group. An example of AGTL+ to non-AGTL+ cross-talk is the mutual
interference of CMOS and AGTL+ signals.

Table 5. Trace Width : Space Guidelines

4.31.1.

Note:

Design Guide

Cross-talk Type Trace Width : Space Ratios
Intragroup AGTL+ signals (same group AGTL+) 5:10 or 6:12
Intergroup AGTL+ signals (different group AGTL+) 5:15 0r 6:18
AGTL+ to System Memory signals 5:30 or 6:36
AGTL+ to any other signal 5:20 or 6:24

NOTES:
1. Edge to edge spacing
2. Units are in mils.

Motherboard Layout Rules for AGTL+ Signals to Improve Signal Integrity

Ground Reference

It is strongly recommended that AGTL+ signals be routed on the signal layer next to the ground layer
(referenced to ground). It is important to provide an effective signal return path with low inductance. The
best signal routing is directly adjacent to a solid GND plane with no splits or cuts. Eliminate parallel
traces between layers not separated by a power or ground plane.

Reference Plane Splits

Splits in reference planes disrupt signal return paths and increase overshoot/undershoot due to
significantly increased inductance.

Processor Connector Breakout

It is strongly recommended that AGTL+ signals do not traverse multiple signal layers. Intel recommends
breaking out all signals from the connector on the same layer. If routing is tight, break out from the
connector on the opposite routing layer over a ground reference and cross over to the main signal layer
near the processor connector.

For AGTL+ signal integrity, it is imperative to comply with these layout rules, particularly for the
0.18-micron process technology.
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Minimizing Cross-talk

The following general rules will minimize the effect of cross-talk in the high-speed AGTL+ bus design:

Maximize the space between traces. Maintain a minimum of 10 mils (assuming a 5 mil trace)
between trace edges, wherever possible. It may be necessary to use tighter spacing when routing
between component pins. When traces must be close and parallel to each other, minimize the
distance between them, and maximize the distance between the sections when the spacing
restrictions are relaxed.

Avoid parallelism between signals on adjacent layers if there is no AC reference plane between
them. As a rule of thumb, route adjacent layers orthogonally.

Since AGTL+ is a low-signal-swing technology, it is important to isolate AGTL+ signals from other
signals by at least 25 mils. This will avoid coupling from signals that have larger voltage swings,
such as 5-V PCI.

Select a board stack-up that minimizes the coupling between adjacent signals. Minimize the nominal
characteristic impedance within the AGTL+ specification. This can be done by minimizing the
height of the trace from its reference plane, which minimizes the cross-talk.

Route AGTL+ address, data and control signals in separate groups to minimize cross-talk between
groups. Keep at least 25 mils between each group of signals.

Minimize the dielectric used in the system. This makes the traces closer to their reference plane and
thus reduces the cross-talk magnitude.

Minimize the dielectric process variation used in the PCB fabrication.

Minimize the cross-sectional area of the traces. This can be done by narrower traces and/or by using
thinner copper, but the trade-off for this smaller cross-sectional area is a higher trace resistivity that
can reduce the falling-edge noise margin because of the I*R loss along the trace.

Spacing to System Memory Signals

32

AGTL+ signals must be well isolated from the system memory signals to minimize the impact of
cross-talk.

AGTL+ signal trace edges must be at least 30 mils from any system memory trace edge within
100 mils of the ball of the 82815 GMCH. This spacing requirement supercedes any spacing
requirement for AGTL+ to other signals documented elsewhere in the design guide.
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Table 6. Routing Guidelines for Non-AGTL+ Signals

4.3.1.3.
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Motherboard Layout Rules for Non-AGTL+ (CMOS) Signals

1. Route these signals on any layer or combination of layers.

THRMDP and THRMDN

Signal Trace Width Spacing to Other Traces Trace Length
A20M# 5 mils 10 mils 1"t0 9"
FERR# 5 mils 10 mils 1"t0 9"
FLUSH# 5 mils 10 mils 1"t0 9"
IERR# 5 mils 10 mils 1"t0 9"
IGNNE# 5 mils 10 mils 1"t0 9"
INIT# 5 mils 10 mils 1"t0 9"
LINT[O0] (INTR) 5 mils 10 mils 1"t0 9"
LINT[1] (NMI) 5 mils 10 mils 1"t0 9"
PICD[1:0] 5 mils 10 mils 1"t0 9"
PREQ# 5 mils 10 mils 1"t0 9"
PWRGOOD 5 mils 10 mils 1"t0 9"
SLP# 5 mils 10 mils 1"t0 9"
SMI# 5 mils 10 mils 1"t0 9"
STPCLK 5 mils 10 mils 1"t0 9"
THERMTRIP# 5 mils 10 mils 1"t0 9"

NOTES:

These traces (THRMDP and THRMDN) route the processor’s thermal diode connections. The thermal
diode operates at very low currents and may be susceptible to cross-talk. The traces should be routed
close together to reduce loop area and inductance.
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Figure 9. Routing for THRMDP and THRMDN

Signal Y 7'
1 — Maximize (min. — 20 mils)
THRMDP T ry
2 — Minimize
THERMDN ry X
1 — Maximize (min. — 20 mils)
Signal Z Y
bus_routing_thrmdp-thrmdn

NOTES:
1. Route these traces parallel and equalize lengths within £0.5”.
2. Route THRMDP and THRMDN on the same layer.

4.3.1.4. Additional Routing and Placement Considerations

e Distribute Vtt with a wide trace. A 0.050” minimum trace is recommended to minimize DC losses.
Route the Vtt trace to all components on the host bus. Be sure to include decoupling capacitors.

e The Vtt voltage should be 1.5 V £ 3% for static conditions and 1.5 V + 9% for the worst-case
transient condition.

e Place resistor divider pairs for VREF generation at the GMCH component. VREF also is delivered to
the processor.

4.3.2. GTLREF Topology and Layout for Debug

It is strongly recommended that resistor sites be added to the layout to split the GTLREF sources to the
processor and the chipset. This allows the designer to independently modify the reference voltage to each
component for debug purposes. The recommended GTLREF circuit topology is shown in the following
figure.
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Figure 10. GTLREF Circuit Topology
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e Normal shared GTLREF (one source, routed to both the GMCH and processor)
— Populate R1, R2, and R3 with values shown
— Do NOT Populate R4 and R5

e Independent GTLREEF for Platform Debug (independent sources for each the GMCH and processor)
— Populate R1, R2, R4, and R5 with values shown
— Do NOT Populate R3

GTLREF Layout and Routing Guidelines
e Place all resistor sites for GTLREF generation close to the GMCH.

e Route GTLREF with as wide a trace as possible.

e Use 1-0.1 uF decoupling capacitor for every 2 GTLREF pins at the processor (4 capacitors total).
Place as close as possible (within 500mils) to the Socket 370 GTLREF pins.

e Use 1-0.1 uF decoupling capacitor for each of the 2 GTLREF pins at the GMCH (2 capacitors
total). Place as close as possible to the GMCH GTLREEF balls.
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4.4. Electrical Differences for Flexible PGA370 Designs

The change in design from the legacy PGA370 to the flexible PGA370 involves several electrical
changes, as follows:

e Changes to the PGA370 socket pin definitions. The FC-PGA Intel® Pentium® Il processor utilizes a
superset of the Intel” Celeron™ processor (PPGA) pin definition.

e Addition of VIT (AGTL+ termination voltage) delivery to the PGA370 socket

e BSEL[1:0] implementation differences. BSEL1 has been added to select either a 100-MHz or
133-MHz system bus frequency setting from the clock synthesizer.

e Additional PLL reference voltage (1.25 V) on new CLKREF pin
e More stringent undershoot/overshoot requirements for CMOS and AGTL+ signals

e Addition of on-die Rtt (AGTL+ termination resistors) for the FC-PGA processor. The requirement
for on-motherboard Rtt implementation remains when supporting the Intel Celeron™ processor
(PPGA). When only FC-PGA processors are supported, the reset signal (RESET#) still requires
termination to VIT on the motherboard.

4.5. PGA370 Socket Definition Details

The following tables compare legacy PGA370 pin names and functions with new flexible PGA370 pin
names and functions. Designers must pay close attention to the notes section following this table, for
compatibility concerns regarding these pin changes.

Table 7. Platform Pin Definition Comparison for Single-Microprocessor Designs

Pin # Legacy Flexible Function Type Notes
PGA370 PGA370
Pin Name Pin Name
A29 Reserved DEP7# Data bus ECC data AGTL+, I/0 2
A31 Reserved DEP3# Data bus ECC data AGTL+, I/O 2
A33 Reserved DEP2# Data bus ECC data AGTL+, I/0 2
AA33 Reserved VTT AGTL+ termination voltage Power/other 4
AA35 Reserved VTT AGTL+ termination voltage Power/other 4
AC1 Reserved A33# Additional AGTL+ address AGTL+, I/O 2
AC37 Reserved RSP# Response parity AGTL+, | 2
AF4 Reserved A35# Additional AGTL+ address AGTL+, I/O 2
AH20 Reserved VTT AGTL+ termination voltage Power
AH4 Reserved RESET# Processor reset (used by the FC-PGA AGTL+, | 3
Intel® Pentium® 111 processor)
AJ31 GND BSEL1 System bus frequency select CMOS, 110 1
AK16 Reserved VTT AGTL+ termination voltage Power
AK24 Reserved AERR# Address parity error AGTL+, I/O 2
AL11 Reserved APO# Address parity AGTL+, /O 2
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Pin # Legacy Flexible Function Type Notes
PGA370 PGA370
Pin Name Pin Name
AL13 Reserved VTT AGTL+ termination voltage Power
AL21 Reserved VTT AGTL+ termination voltage Power
AM2 GND Reserved Reserved Reserved 1
AN11 Reserved VTT AGTL+ termination voltage Power
AN13 Reserved AP1# Address parity AGTL+, /O 2
AN15 Reserved VTT AGTL+ termination voltage Power
AN21 Reserved VTT AGTL+ termination voltage Power/other 4
AN23 Reserved RP# Request parity AGTL+, I/O
B36 Reserved BINIT# Bus initialization AGTL+, I/0 2
C29 Reserved DEP5# Data bus ECC data AGTL+, I/O 2
C31 Reserved DEP1# Data bus ECC data AGTL+, I/0 2
C33 Reserved DEPO# Data bus ECC data AGTL+, I/O 2
E23 Reserved VTT AGTL+ termination voltage Power/other 4
E29 Reserved DEP6# Data bus ECC data AGTL+, I/O 2
E31 Reserved DEP4# Data bus ECC data AGTL+, I/0 2
G35 Reserved VTT AGTL+ termination voltage Power/other
G37 Reserved See Note 5
S33 Reserved VTT AGTL+ termination voltage Power/other 4
S37 Reserved VTT AGTL+ termination voltage Power/other 4
u3s Reserved VTT AGTL+ termination voltage Power/other 4
u3s7 Reserved VTT AGTL+ termination voltage Power/other 4
V4 Reserved BERR# Bus error AGTL+, I/O 2
W3 Reserved A34# Additional AGTL+ address AGTL+, I/0 2
X4 RESET# RESET2# Processor reset (used by Intel® Celeron™ | AGTL+, | 3
processor (PPGA))
X6 Reserved A32# Additional AGTL+ address AGTL+, I/O 2
Y33 GND CLKREF 1.25-V PLL reference Power 1
NOTES:

1. These signals are defined as ground (Vss) in legacy designs utilizing the PGA370 socket. For new flexible
PGAQ370 designs, use the new signal definitions. These new signal definitions are backwards-compatible with
the Intel® Celeron™ processor (PPGA).

2. While these signals are not used in Intel® 815 chi

gset designs, they are available for chipsets that support

these functions. Only the FC-PGA Intel® Pentium® 11l processor offers these capabilities in the PGA370
platform.
3. The AGTL+ reset signal, RESET#, is delivered to pin X4 on legacy PGA370 designs. On flexible PGA370
designs, it is delivered to X4 and AH4 pins. See Error! Reference source not found. for more details.
4. RESET2# is not required for platforms that do not support the Intel Celeron™ processor . Pin X4 should then
be connected to ground.
5. These pins must be connected to the 1.5-volt Vit plane.
6. This pin must be connected to Vit for platforms using the Intel Pentium Ill processor based on the cA2
stepping. Refer to the Intel Pentium Il processor specification update for stepping details.
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Table 8. Processor Pin Definition Comparison

Pin # Intel® Celeron™ Intel® FC-PGA Intel Pentium® Function
Processor Celeron™ Il Processor Pin
(PPGA) Pin Processor FC- Name
Name PGA Pin Name

A29 Reserved Reserved DEPT7# Data bus ECC data

A31 Reserved Reserved DEP3# Data bus ECC data

A33 Reserved Reserved DEP2# Data bus ECC data
AA33 Reserved Reserved VTT AGTL+ termination voltage
AA35 Reserved Reserved VTT AGTL+ termination voltage
AC1 Reserved Reserved A33# Additional AGTL+ address
AC37 Reserved Reserved RSP# Response parity

AF4 Reserved Reserved A35# Additional AGTL+ address
AH20 Reserved Reserved VTT AGTL+ termination voltage
AH4 Reserved Reserved RESET# Processor reset (used by the
FC-PGA Intel Pentium IlI
processor)

AJ31 GND BSEL1 BSEL1 System bus frequency select
AK16 Reserved Reserved VTT AGTL+ termination voltage
AK24 Reserved Reserved AERR# Address parity error

AL11 Reserved Reserved APO# Address parity

AL13 Reserved Reserved VTT AGTL+ termination voltage
AL21 Reserved Reserved VTT AGTL+ termination voltage
AM2 GND Reserved Reserved Reserved
AN11 Reserved Reserved VTT AGTL+ termination voltage
AN13 Reserved Reserved AP1# Address parity
AN15 Reserved Reserved VTT AGTL+ termination voltage
AN21 Reserved Reserved VTT AGTL+ termination voltage
AN23 Reserved Reserved RP# Request parity

B36 Reserved Reserved BINIT# Bus initialization

C29 Reserved Reserved DEP5# Data bus ECC data

C31 Reserved Reserved DEP1# Data bus ECC data

C33 Reserved Reserved DEPO# Data bus ECC data

E23 Reserved Reserved VTT AGTL+ termination voltage
E29 Reserved Reserved DEP6# Data bus ECC data

E31 Reserved Reserved DEP4# Data bus ECC data

G35 Reserved Reserved VTT AGTL+ termination voltage
S33 Reserved Reserved VTT AGTL+ termination voltage
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Pin # Intel® Celeron™ Intel® FC-PGA Intel Pentium® Function
Processor Celeron Il Processor Pin
(PPGA) Pin Processor FC- Name
Name PGA Pin Name
S37 Reserved Reserved VTT AGTL+ termination voltage
U35 Reserved Reserved VTT AGTL+ termination voltage
u37 Reserved Reserved VTT AGTL+ termination voltage
V4 Reserved Reserved BERR# Bus error
W3 Reserved Reserved A34# Additional AGTL+ address
X4 RESET# RESET# RESET2# Processor reset (used by Intel®
Celeron™ processors)
X6 Reserved Reserved A32# Additional AGTL+ address
Y33 GND Reserved CLKREF 1.25-V PLL reference

BSEL[1:0] Implementation Differences

The FC-PGA Intel Pentium Il processor utilizes the BSEL1 pin to select either the 100-MHz or
133-MHz system bus frequency setting from the clock synthesizer. While the BSELO signal is still
connected to the PGA370 socket, the FC-PGA Intel Pentium Il processor does not utilize it. Only the
Intel Celeron™ processor (PPGA) utilizes the BSELO signal. The FC-PGA Intel Pentium Il processors
are 3.3-V tolerant for these signals, as are the clock and chipset. However, the Intel Celeron™ processor
(PPGA) utilizes 2.5-V logic levels on the BSEL signals. Therefore, flexible PGA370 designs will utilize
2.5-V logic levels on the BSEL[1:0] signals to support widest range of processors.

CKS815 has been designed to support selections of 66 MHz, 100 MHz, and 133 MHz. The REF input pin
has been redefined to be a frequency selection strap (BSEL1) during power-on, after which it becomes a
14-MHz reference clock output. The following figure details the new BSEL[1:0] circuit design for
flexible PGA370 designs. Note that BSEL[1:0] are now pulled up using 1-kQ resistors. Also refer to the
following figure for more details.

Figure 11. BSEL[1:0] Circuit Implementation for PGA370 Designs

Design Guide
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CLKREF Circuit Implementation

The CLKREEF input utilized by the FC-PGA Intel Pentium Ill processor requires a 1.25-V source. It can
be generated from a voltage divider on the Vcc2.5 or Vee3.3 sources, utilizing 1% tolerance resistors. A
4.7-uF decoupling capacitor should be included on this input. See the following figure and table for
example CLKREEF circuits. Do not use Vtt as the source for this reference!

Figure 12. Examples for CLKREF Divider Circuit

PGA370 PGA370
Vce2.5 Vce3.3

CLKREF CLKREF
Y33 Y33
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— e

150 Q "\ 4.7 uF R2 “\ 4.7 yF

sys_bus_CLKREF_divider

Table 9. Resistor Values for CLKREF Divider (3.3-V Source)

4.8.
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R1(Q) R2 (Q) CLKREF Voltage (V)
182 110 1.243
301 182 1.243
374 221 1.226
499 301 1.242

Undershoot/Overshoot Requirements

Undershoot and overshoot specifications become more critical as the process technology for
microprocessors shrinks due to thinner gate oxide. Violating these undershoot and overshoot limits will
degrade the life expectancy of the processor.

The FC-PGA Intel Pentium Il processor has more restrictive overshoot and undershoot requirements for
system bus signals than did previous processors. These requirements stipulate that a signal at the output
of the driver buffer and at the input of the receiver buffer must not exceed the maximum absolute
overshoot voltage limit (2.18 V) and the minimum absolute undershoot voltage limit (-0.58 V).
Exceeding these limits will damage the FC-PGA processor. There also is a time-dependent, nonlinear
overshoot and undershoot requirement that depends on the amplitude and duration of the
overshoot/undershoot. See the appropriate FC-PGA Intel Pentium Il processor’s electrical, mechanical
and thermal specification for more details on the FC-PGA Intel processor overshoot/undershoot
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specifications. A new undershoot/overshoot checking tool will be made available to assist in
understanding whether simulation results or actual oscilloscope measurements satisfy signal integrity

requirements in the datasheet.

Processor Reset Requirements

Flexible PGA370 designs must route the AGTL+ reset signal from the chipset to two pins on the

processor as well as to the debug port connector. This reset signal is connected to pins AH4 (RESET#)

and X4 (RESET2#) at the PGA370 socket. Finally, the AGTL+ reset signal must always be
terminated to VIT on the motherboard.

Designs that do not support the debug port will not utilize the 240-Q series resistor or the connection of
RESETH# to the debug port connector. RESET2# is not required for platforms that do not support the
Intel Celeron™ processor. Pin X4 should then be connected to ground.

The routing rules for the AGTL+ reset signal are shown in the following figure.

Figure 13. RESET#/RESET2# Routing Guidelines

Table 10.
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RESET#/RESET2# Routing Guidelines (see Figure 13)

Parameter Minimum (in) Maximum (in)
lenCS 0.5 1.5
lenITP 1 3
lenCPU 0.5 1.5
cs_rtt_stub 0.5 1.5
cpu_rtt_stub 0.5 1.5
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4.10. Determining the Intalled Processor via Hardware

Mechanisms
The following figure provides the logic decoding to determine which processor is installed in a PGA370
design.
Table 11. Determining the Installed Processor via Hardware Mechanisms
VID VCORE_DET CPUPRES# Notes
1001 0 0 FC-PGA Intel® Pentium® Il processor installed.
1011 0 0 Intel® celeron™ FC-PGA processor installed.
0001 1 0 Intel® Celeron™ processor (PPGA) installed.
1111 X 1 No processor installed.

4.11. Processor PLL Filter Recommendations

Intel PGA370 processors have internal phase lock loop (PLL) clock generators, which are analog and
require a quiet power supply to minimize jitter.

4.11.1. Topology

The general desired topology is shown in Figure 15. Not shown are parasitic routing and local
decoupling capacitors. Excluded from the external circuitry are parasitics associated with each
component.

4.11.2. Filter Specification

The filter’s function is to protect the PLL from external noise through low-pass attenuation.
The low-pass specification, with input at VCCcorg and output measured across the capacitor, is as
follows:

e <(0.2-dB gain in pass band

<0.5-dB attenuation in pass band (see DC drop in next set of requirements)

>34-dB attenuation from 1 MHz to 66 MHz

>28-dB attenuation from 66 MHz to core frequency
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The filter specification is graphed in the following figure.

Figure 14. Filter Specification

0.2dB |- e - . :
0dB | == T\ Ll s
05dB  |m— : ' -
Forbidden
: Zone
Forbidden :
Zone : ; - s°
-28dB  f--c-ceeee-- R TR EERRE AR R 0’
34dB  feeeeceeean omonaennea0n * - prm— A R RRREE
DC 1Hz fpeak 1MHz 66 MHz fcore
4 “—>r
passband high frequency
band
filter_spec

NOTES:
1. Diagram not to scale
2. No specification for frequencies beyond fcore
3. fpeak should be less than 0.05 MHz.
Other requirements:
e Use shielded-type inductor to minimize magnetic pickup.
e Filter should support DC current > 30 mA.

e DC voltage drop from VCC to PLL1 should be < 60 mV, which in practice implies series R <2 Q.
It also means pass band (from DC to 1 Hz) attenuation < 0.5 dB for VCC = 1.1 V, and < 0.35dB for
VCC=1.5V.
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4.11.3. Recommendation for Intel® Platforms

The following tables list examples of components that comply with Intel’s recommendations, when
configured in the topology discussed in Figure 15.

Table 12. Component Recommendations — Inductor

Part Number Value Tol. SRF Rated | DCR (Typical)
TDK MLF2012A4R7KT 4.7 uH 10% 35 MHz 30 mA 0.56 Q (1 Q max.)
Murata LQG21N4R7K00T1 4.7 uH 10% 47 MHz 30 mA 0.7 Q (x50%)
Murata LQG21C4R7N00 4.7 uH 30% 35 MHz 30 mA 0.3 Q max.

Table 13. Component Recommendations - Capacitor

Part Number Value Tolerance ESL ESR
Kemet T495D336M016AS 33 uF 20% 2.5nH 0.225Q
AVX TPSD336M020S0200 33 uF 20% 2.5nH 02Q

Table 14. Component Recommendations - Resistor

Value Tolerance Power Note

1Q 10% 1716 W Resistor may be implemented with trace resistance,
in which discrete R is not needed.

To satisfy damping requirements, total series resistance in the filter (from VCCcogg to the top plate of the
capacitor) must be at least 0.35 Q. This resistor may be in the form of a discrete component or routing, or
both. For example, if the picked inductor has a minimum DCR of 0.25 Q, then a routing resistance of at
least 0.10 Q is required. Be careful not to exceed the maximum resistance rule (2 ). For example, when
using discrete R1 (1 © £ 1%), the maximum DCR of the L (trace plus inductor) should be less than

2.0 - 1.1 =0.9 Q, which precludes the use of some inductors and will set the max. trace length.

Other routing requirements:
e The capacitor (C) should be close to the PLL1 and PLL2 pins, <0.1 Q per route!.
e The PLL2 route should be parallel and next to the PLL1 route (minimize loop area).

e The inductor (L) should be close to C. Any routing resistance should be inserted between VCCcorg
and L.

e Any discrete resistor (R) should be inserted between VCCcogrg and L.

! These routes do not count towards the minimum damping R requirement.
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Figure 15. Example PLL Filter Using a Discrete Resistor

Figure 16

Design Guide

Intel® 815 Chipset Platform

VCC_CORE
M =019 route
* PLL1
Discrete resistor l
CT Processor
PLL2
<0.1 Q route
PLL_filter_1
. Example PLL Filter Using a Buried Resistor
VCC_CORE
R L <0.1 Q route
* PLL1
Trace resistance I
CT Processor
PLL2
<0.1 Q route

PLL_filter_2
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4.11.4. Custom Solutions

As long as the filter performance and requirements specified and outlined in Section 4.11.2 are satisfied,
other solutions are acceptable. Custom solutions should be simulated against a standard reference core
model, which is shown in the following figure.

Figure 17. Core Reference Model

C T T T T T T T T T T T T |
PLLA : 010 Processor :
o A\ |
| |
I I
: 120 pF 1kQ :
| |
PLL2 I 0.1Q —[ I
o A VAVAV . l |
I I
.- - . |
sys_bus_core_ref_model
NOTES:

1. 0.1-Q resistors represent package routing. (For other modules (e.g., interposer, DMM), adjust the routing
resistor if desired, but use minimum numbers.)

120-pF capacitor represents internal decoupling capacitor.

1-kQ resistor represents small signal PLL resistance.

Be sure to include all component and routing parasitics.

Sweep across component/parasitic tolerances.

arobd

To observe the IR drop, use a DC current of 30 mA and the minimum Vcccogg level.

4.12. Voltage Regulation Guidelines

In a flexible PGA370 design, the voltage regulation module (VRM) or on-board voltage regulator (VR)
must be compliant with Intel VRM 8.4 DC-DC Converter Design Guidelines, revision 1.6 or higher. This
is necessary to support the power supply requirements of the FC-PGA Intel Pentium Ill processor at
speeds greater than 650 MHz.

4.13. Decoupling Guidelines for Flexible PGA370 Designs

These are preliminary decoupling guidelines for flexible PGA370 designs and are estimated to meet the
specifications of VRM 8.4 DC-DC Converter Design Guidelines, ver. 1.6.
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4.13.1. Vcccore Decoupling Design

Ten or more 4.7-UF capacitors in 1206 packages.

All capacitors should be placed within the PGA370 socket cavity and mounted on the primary side of the
motherboard. The capacitors are arranged to minimize the overall inductance between Vcecorg / Vss
power pins, as shown in the following figure.

Figure 18. Capacitor Placement on the Motherboard
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4.13.2. Vit Decoupling Design

For Itt = 3.0A (max.)

Nineteen 0.1-UF capacitors in 0603 packages placed within 200 mils of AGTL+ termination R-packs,
with one capacitor for every two R-packs. These capacitors are shown at the exterior in the previous
figure.

4.13.3. VREF Decoupling Design

Four 0.1-UF capacitors in a 0603 package placed near the VREF pins (within 500 mils).
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414, Thermal/EMI Considerations

Heat sink requirements will be different for FC-PGA processors than for previous processors using
PPGA packaging. The current flexible motherboard guideline for the FC-PGA Intel Pentium Il processor

calls for 30.4 W.

e Increase power density for the FC-PGA Intel” Pentium” Ill processor
(EMB = 41.9 W/em?).

e Different thermal design verification for FC-PGA compared with PPGA-packaged processors. The
FC-PGA Intel Pentium Il processor is specified using Tj versus Tcase (used with Intel Celeron™

processors).

e New heatsink for FC-PGA package that is not backwards-compatible with PPGA processors.

e New heatsink clips for FC-PGA processor heatsinks.

e Option to add motherboard features to ground the processor heatsink for opportunity to reduce
electromagnetic interference (EMI).

4.14.1. Optional Grounded Heatsink Implementation for EMI Reduction

The following figure shows the concept for providing an AC ground return path to the processor heat
sink. Experiments at Intel demonstrate improved EMI emissions with prototypes of this solution. Further

details will be provided in the next revision of this design guide.

Figure 19. Location of Grounding Pads
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4.15. Debug Port Changes

Due to the lower-voltage technology employed in the FC-PGA processor, changes are required to
support the debug port. Previously, the test access port (TAP) signals used 2.5-V logic. This is the case
with the Intel Celeron™ processor in the PPGA package. FC-PGA processors utilize 1.5-V logic levels
on the TAP. As a result, a new debug port connector is to be used on flexible PGA370 designs. The new
1.5-V connector is the mirror image of the older 2.5-V connector. Either connector will fit into the same
printed circuit board layout. Just the pin numbers would change, as can be seen in the following drawing.
Along with the new connector, an In-Target Probe (ITP) capable of communicating with the TAP at
1.5-V logic levels is required.

Figure 20. TAP Connector Comparison

2.5V connector, AMP 104068-3 vertical plug, top view
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1.5V connector, AMP 104078-4 vertical receptacle, top view
[ G L] ] L] L] L] ] L] L] (2] [=] [=] [=] [
resery ol 2 ] [+] [o] [o] [ro] [r2] [] [re] [re] [=0] [22] [24] [e] [=e] [=0]

sys_bus_TAP_conn

Caution: FC-PGA processors require an in-target probe (ITP) compatible with 1.5-V signal levels on the TAP.
Previous ITPs are designed to work with higher voltages and may damage the processor if they are
connected to an FC-PGA processor.

See the processor datasheet for more information regarding the debug port.

4.16. FCPGA Heatsink keepout Zone

Figure 4.1 shows the system component keep-out volume above the socket connector required for the
reference design thermal solution for high frequency FC-PGA processors. This keep-out envelope
provides adequate room for the heat sink, fan and attach hardware under static conditions as well as room
for installation of these components on the socket.

Figure 4.2 shows component keep-outs on the motherboard required to prevent interference with the
reference design thermal solution. Note portions of the heat sink and attach hardware hang over the
motherboard.

Adhering to these keep-out areas will ensure compatibility with Intel boxed processor products and Intel
enabled third party vendor thermal solutions for FC-PGA processors. While the keep-out requirements
should provide adequate space for the reference design thermal solution, systems integrators should
check their vendor to ensure their specific thermal solutions fit within their specific system designs.
Please ensure that the thermal solutions under analysis comprehend the specific thermal design
requirements for higher frequency Pentium Il processors.
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While thermal solutions for lower frequency FC-PGA processors may not require the full keep-out area,

guidelines will result in mechanical interference.

Figure 21.

Heat Sink Volumetric Keep Out Regions
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System Memory Design Guidelines

5.1.

System Memory Routing Guidelines

Ground plane reference all system memory signals. To provide a good current return path and limit noise
on the system memory signals, the signals should be ground referenced from the GMCH to the DIMM
connectors and from DIMM connector to DIMM connector. If ground referencing is not possible, system
memory signals should be, at a minimum, referenced to a single plane. If single plane referencing is not
possible, stitching capacitors should be added no more than 200 mils from the signal via field. System
memory signals may via to the backside of the PCB under the GMCH without a stitching capacitor as
long as the trace on the topside of the PCB is less than 200 mils. Note that it is recommended that a
parallel plate capacitor between VCC3.3SUS and GND be added to account for the current return path
discontinuity (See decoupling section 15). Use (1) .01 uF X7R capacitor per every (5) system memory
signals that switch plane references. No more than two vias are allowed on any system memory signal.

If a group of system memory signals needs to change layers, a via field should be created and a
decoupling capacitor should be added at the end of the via field. Do not route signals in the middle of a
via field; this will cause noise to be generated on the current return path of these signals and can lead to
issues on these signals. See figure below. The traces shown are on layer 1 only. The figure shows signals
that are changing layer and two signals that are not changing layer. Note the two signals around the via
field create a keep out zone where no signals that do not change layer should be routed.

Figure 23. System Memory Routing Guidelines

Design Guide
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of the antipad on the internal layers
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5.2. System Memory 2-DIMM Design Guidelines

5.2.1. System Memory 2-DIMM Connectivity

Figure 24. System Memory Connectivity (2 DIMM)

Double-Sided, Unbuffered Pinout without ECC
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5.2.2.

Figure 25. System Memory 2-DIMM Routing Topologies

System Memory 2-DIMM Layout Guidelines

Intel® 815 Chipset Platform
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Table 15. System Memory 2-DIMM Solution Space

Trace Lengths (inches)

Trace (mils) A Cc D E F
Signal Top | Width | Spacing | Min. | Max. | Min. [ Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
SCS[3:2)# 3 5 10 1 45
SCS[1:0}# 2 5 10 1 45
SMAA[7:4] 4 10 10 04 | 05 | 2 4
SMAB(7:4]# 5 10 10 04 | 05| 2 4
SCKE[3:2] 3 10 10 3 4
SCKE[1:0] 2 10 10 3 4
SMD[63:0] 1 5 10 175 4 | 04 | 05
SDQM[7:0] 1 10 10 15 | 35| 04 | 05
SCASH#, 1 5 10 1 40 | 04 | 05
SRASH#, SWE#
SBS[1:0], 1 5 10 1 40 | 04 | 05
SMAA[12:8,3:0]
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Figure 26. System Memory Routing Example
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Routing in the previous figure is for example purposes only. It does not necessarily represent complete
and correct routing for this interface.

5.2.2.1. System Memory Bus Isolation

In addition to meeting the spacing requirements outlined in Table 15, system memory signal trace edges
must be at least 30 mils from any other non-system memory signal trace edge.
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5.3.

5.3.1.

Intel® 815 Chipset Platform

System Memory 3-DIMM Design Guidelines

System Memory 3-DIMM Connectivity

Figure 27. System Memory Connectivity (3 DIMM)
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5.3.2.

Figure 28. System Memory 3-DIMM Routing Topologies

System Memory 3-DIMM Layout Guidelines
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Table 16. System Memory 3-DIMM Solution Space
Trace Lengths (inches)
Trace (mils) A B C D E F G
Signal Top | Width | Spacing | Min. | Max. [ Min. | Max. [ Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. [ Min. | Max.
SCS[5:4]# 4 5 10 1 | 45
SCS[3:2]# 3 5 10 1 4.5
SCS[1:0# 2 5 10 1 | 45
SMAA[7:4] 6 10 10 2 4 0.4 0.5
SMABI[7:41# 7 10 10 2 4 0.4 0.5
SMAC[7:4} 8 10 10 2 4 0.4 0.5
SCKE[5:4] 4 10 10 3 4
SCKE[3:2] 3 10 10 3 4
SCKE[1:0] 2 10 10 3 4
SMDI[63:0] 1 5 10 1.75 4 0.4 0.5
SDQM[7:0] 1 10 10 1.5 3.5 0.4 0.5
SCASH#, 5 5 10 0.4 0.5 1 4
SRAS#, SWE#
SBS[1:0], 5 5 10 0.4 0.5 1 4
SMAA[12:8,3:0]
Design Guide
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System Memory Bus Isolation

In addition to meeting the spacing requirements outlined in Table 16, system memory signal trace edges
must be at least 30 mils from any other non-system memory signal trace edge.

System Memory Decoupling Guidelines

A minimum of eight 0.1-uF low-ESL ceramic capacitors (e.g., 0603 body type, X7R dielectric) are
required and must be as close as possible to the GMCH. They should be placed within at most 70 mils to
the edge of the GMCH package edge for VSUS 3.3 decoupling, and they should be evenly distributed
around the system memory interface signal field including the side of the GMCH where the system
memory interface meets the host interface. There are power and GND balls throughout the system
memory ball field of the GMCH that need good local decoupling. Make sure to use at least 14 mil drilled
vias and wide traces from the pads of the capacitor to the power or ground plane to create a low
inductance path. If possible multiple vias per capacitor pad are recommended to further reduce
inductance. In order to add the decoupling capacitors within 70 mils of the GMCH and/or close to the
vias, the trace spacing may be reduced as the traces go around each capacitor. The narrowing of space
between traces should be minimal and for as short a distance as possible (500 mils maximum).

To further de-couple the GMCH and provide a solid current return path for the system memory interface
signals it is recommended that a parallel plate capacitor be added under the GMCH. Add a topside or
bottom side copper flood under center of the GMCH to create a parallel plate capacitor between VCC3.3
and GND, See following figure. The dashed lines indicate power plane splits on layer 2 or layer 3
depending on stack-up. The filled region in the middle of the GMCH indicates a ground plate (on layer 1
if the power plane is on layer 2 or on layer 4 if the power layer is on layer 3).
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Figure 29. Intel® 815 Chipset Decoupling Example
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Yellow lines show layer two plane splits. Note that the layer 1 shapes do NOT cross the plane splits.
The southern shape is a Vss fill over VddSDRAM. The western shape is a Vss fill over VddAGP. The

larger northeastern shape is a Vss fill over VddCORE.

Additional decoupling capacitors should be added between the DIMM connectors to provide a current
return path for the reference plane discontinuity created by the DIMM connectors themselves. (1) .01uf
X7R capacitor should be added per every (10) SDRAM signals. Capacitors should be placed between the
DIMM connectors and evenly spread out across the SDRAM interface.

For debug purposes, four or more 0603 capacitor sites should be placed on the backside of the board,
evenly distributed under the Intel 815 chipset’s system memory interface signal field.

Design Guide




intal

Figure 30. Intel® 815 Chipset Decoupling Example
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5.5. Compensation

A system memory compensation resistor (SRCOMP) is used by the GMCH to adjust the buffer
characteristics to specific board and operating environment characteristics. Refer to the Intel” 815
Chipset Family: 82815 Graphics and Memory Controller Hub (GMCH) Datasheet for details on
compensation. Tie the SRCOMP pin of the GMCH to 40-Q 1% or 2% pull-up resistor to 3.3 Vsus

(3.3-volt standby) via a 10-mil-wide, 0.5” trace (targeted for a nominal

Design Guide

impedance of 40 Q).
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AGP/Display Cache Design
Guidelines

6.1.

Design Guide

For detailed AGP interface functionality (e.g., protocols, rules, signaling mechanisms) refer to the latest
AGP Interface Specification, Revision 2.0, which can be obtained from http://www.agpforum.org. This
design guide (Intel® 815 Chipset Platform Design Guide) focuses only on specific Intel 815 chipset
platform recommendations.

AGP Interface

A single AGP connector is supported by the GMCH’s AGP interface. LOCK# and SERR#/PERR# are
not supported. See the display cache discussion for a display cache/AGP muxing description and a
description of the AGP In-Line Memory Module (AIMM).

The AGP buffers operate in one of two selectable modes to support the AGP universal connector:
e 3.3-V drive, not 5-V safe. This mode is compliant with the AGP 1.0 66-MHz spec.
e 1.5-V drive, not 3.3-V safe. This mode is compliant with the AGP 2.0 spec.

AGP 4X must operate at 1.5 V. AGP 2X can operate at 3.3 V or 1.5 V. The AGP interface supports up to
4X AGP signaling, though 4X fast writes are not supported. AGP semantic cycles to DRAM are not
snooped on the host bus.

The GMCH supports PIPE# or SBA[7:0] AGP address mechanisms, but not both simultaneously. Either
the PIPE# or the SBA[7:0] mechanism must be selected during system initialization. The GMCH
contains a 32-deep AGP request queue. High priority accesses are supported. All AGP semantic accesses
hitting the graphics aperture pass through an address translation mechanism with a fully-associative
20-entry TLB.

Accesses between AGP and the hub interface are limited to hub interface-originated memory writes to
AGP. Cacheable accesses from the IOQ queue flow through one path, while aperture accesses follow
another path. Cacheable AGP (SBA,PIPE#, and FRAME#) reads to DRAM all snoop the cacheable
global write buffer (GWB) for system data coherency. Aperture AGP (SBA, PIPE#) reads to DRAM
snoop the aperture queue (GCMCRWQ). Aperture AGP (FRAME#) reads and writes to DRAM proceed
through a FIFO and there is no RAW capability, so no snoop is required.

The AGP interface is clocked from the 66-MHz clock (3V66). The AGP-to-host/memory interface is
synchronous with a clock ratio of 1:1 (66 MHz : 66 MHz), 2:3 (66 MHz : 100 MHz) and
1:2 (66 MHz : 133 MHz).
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6.1.1. AGP In-Line Memory Module (AIMM)

The GMCH multiplexes the AGP signal interface with the integrated graphics’ display cache interface.
As a result, for a flexible motherboard that supports both integrated graphics and add-in AGP video
cards, a display cache (for integrated graphics) must be populated on a card in the universal AGP slot.
The card is called an AGP In-Line Memory Module (AIMM) card. Intel provides the specification for
this card in a separate document called the AGP In-Line Memory Module Specification.

AGP guidelines are presented in this section for motherboards that support the population of an AIMM
card in their AGP slot, as well as for those that do not. Where there are distinct guidelines dependent on
whether or not a motherboard will support an AIMM card, the section detailing routing guidelines will be
broken in to subsections, as follows:

e Follow the subsection entitled “Flexible Motherboard Guidelines,” if the motherboard supports an
AIMM card populated in the AGP slot.

e Follow the subsection entitled “AGP Only Motherboard Guidelines,” if the motherboard will NOT
support an AIMM card populated in the AGP slot.

6.1.2. AGP Universal Retention Mechanism (RM)

Environmental testing and field reports indicate that AGP cards and AGP In Line Memory Module
(AIMM) cards may come unseated during system shipping and handling without proper retention. To
avoid disengaged AGP cards and AIMM modules, Intel recommends that AGP based platforms use the
AGP retention mechanism (RM).

The AGP RM is a mounting bracket that is used to properly locate the card with respect to the chassis
and to assist with card retention. The AGP RM is available in two different handle orientations: left-
handed (see Figure 31) and right-handed. Most system boards accommodate the left-handed AGP RM.
The manufacturing capacity of the left-handed RM currently exceeds the right-handed capacity, and as a
result Intel recommends that customers design their systems to insure they can use the left-handed
version of the AGP RM (see Figure 32). The right-handed AGP RM is identical to the left-handed AGP
RM, except for the position of the actuation handle. This handle is located on the same end as the
primary design, but extends from the opposite side (mirrored about the center axis running parallel to the
length of the part). Figure 32 contains keep out information for the left hand AGP retention mechanism.
Use this information to make sure that your motherboard design leaves adequate space to install the
retention mechanism.

The AGP interconnect design requires that the AGP card must be retained to the extent that the card not
back out more than 0.99 mm (0.039 in) within the AGP connector. To accomplish this it is recommended
that new cards implement an additional notch feature in the mechanical keying tab to allow an anchor
point on the AGP card for interfacing with an AGP RM. The retention mechanism’s round peg engages
with the AGP or AIMM card’s retention tab and prevents the card from disengaging during dynamic
loading. The additional notch feature in the mechanical keying tab is required for 1.5-volt AGP cards and
is recommended for the new 3.3-volt AGP cards.
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Figure 31. AGP Left-Handed Retention Mechanism

Figure 32. AGP Left-Handed Retention Mechanism Keep Out Information
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Engineering Change Request number 48 (ECR #48) of the AGP specification details the AGP RM,
which is recommended for all AGP cards. These are approved changes to the Accelerated Graphics Port
(AGP) Interface Specification, Revision 2.0. Intel intends to incorporate the AGP RM changes into later
revisions of the AGP Interface Specification. In addition, Intel has defined a reference design of a
mechanical device to utilize the features defined in ECR #48.
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ECR #48 can be viewed off the Intel Web site at:
http://developer.intel.com/technology/agp/ecr.htm

More information regarding this component (AGP RM) is available from the following vendors.

Resin Color Supplier Part “Left Handed” Orientation “Right Handed” Orientation
Number (Preferred) (Alternate)
Black AMP P/N 136427-1 136427-2
Foxconn P/N 006-0002-939 006-0001-939
Green Foxconn P/N 009-0004-008 009-0003-008

6.2. AGP 2.0

The AGP Interface Specification, rev. 2.0, enhances the functionality of the original AGP Interface
Specification (rev. 1.0) by allowing 4X data transfers (i.c., 4 data samples per clock) and 1.5-volt
operation. The 4X operation of the AGP interface provides for “quad-pumping” of the AGP AD
(address/data) and SBA (side-band addressing) buses. That is, data is sampled four times during each
66-MHz AGP clock. This means that each data cycle is ¥4 of a 15-ns (66-MHz) clock or 3.75 ns. It is
important to realize that 3.75 ns is the data cycle time, not the clock cycle time. During 2X operation,
data is sampled twice during a 66-MHz clock cycle, therefore the data cycle time is 7.5 ns. To allow for
these high-speed data transfers, the 2X mode of AGP operation uses source-synchronous data strobing.
During 4X operation, the AGP interface uses differential source-synchronous strobing.

With data cycle times as small as 3.75 ns and setup/hold times of 1 ns, propagation delay mismatch is
critical. In addition to reducing propagation delay mismatch, it is important to minimize noise. Noise on
the data lines will cause the settling time to be long. If the mismatch between a data line and the
associated strobe is too great or if there is noise on the interface, incorrect data will be sampled. The low-
voltage operation on AGP (1.5 V) requires even more noise immunity. For example, during 1.5-V
operation, V;.. is 570 mv. Without proper isolation, cross-talk could create signal integrity issues.

ilmax

6.2.1. AGP Interface Signal Groups

The signals on the AGP interface are broken into three groups: /X timing domain signals, 2X/4X timing
domain signals, and miscellaneous signals. Each group has different routing requirements. In addition,
within the 2X/4X timing domain signals, there are three sets of signals. All signals in the 2X/4X timing
domain must meet minimum and maximum trace length requirements as well as trace width and spacing
requirements. However, trace length matching requirements only need to be met within each set of
2X/4X timing domain signals.
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Table 17. AGP 2.0 Signal Groups

The signal groups are documented in the following table.

Intel® 815 Chipset Platform

Group

Signal

1X timing domain

IRDY#, TRDY#, STOP#, DEVSEL#

CLK (3.3 V), RBF#, WBF#, ST[2:0], PIPE#, REQ#, GNT#, PAR, FRAME#,

2X [ 4X timing domain

o Set #1: AD[15:0], C/BE[1:0]#, AD_STBO, AD_STBO#1'
o Set #2: AD[31:16], C/BE[3:2]#, AD_STB1, AD_STB1#'

Set #3: SBA[7:0], SB_STB, SB_STB#1

Miscellaneous, async

e USB+, USB-, OVRCNT#, PME#, TYPDET#, PERR#, SERR#, INTA#, INTB#

NOTES:

1. These signals are used in 4X AGP mode ONLY.

Table 18. AGP 2.0 Data/Strobe Associations

Data Associated Strobe in 1X Associated Associated
Strobe in 2X Strobes in 4X
ADI[15:0] and C/BE[1:0]# Strobes are not used in 1X mode. All data AD_STBO AD_STBO,
is sampled on rising clock edges. AD_STBO#
ADI[31:16] and C/BE[3:2]# Strobes are not used in 1X mode. All data AD_STB1 AD_STB1,
is sampled on rising clock edges. AD_STB1#
SBA[7:0] Strobes are not used in 1X mode. All data SB_STB SB_STB, SB_STB#

is sampled on rising clock edges.

Design Guide

Throughout this section, the term data refers to AD[31:0], C/BE[3:0]#, and SBA[7:0]. The term strobe
refers to AD_STBJ[1:0], AD_STB#[1:0], SB_STB, and SB_STB#. When the term data is used, it refers
to one of the three sets of data signals, as in Table 17. When the term strobe is used, it refers to one of

the strobes as it relates to the data in its associated group.

The routing guidelines for each group of signals (/X timing domain signals, 2X/4X timing domain
signals, and miscellaneous signals) will be addressed separately.
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6.3. AGP Routing Guidelines

6.3.1. 1X Timing Domain Routing Guidelines

6.3.1.1. Flexible Motherboard Guidelines

e The AGP 1X timing domain signals (refer to Table 17) have a maximum trace length of 4” for
motherboards that support an AGP In-Line Memory Module (AIMM) card. This maximum applies
to ALL signals listed as 1X timing domain signals in Table 17.

e AGP 1X signals multiplexed with display cached signals (listed in the following table) should be
routed with a 1:3 trace width-to-spacing ratio. All other AGP 1X timing domain signals can be
routed with 5-mil minimum trace separation.

e There are no trace length matching requirements for 1X timing domain signals.

Table 19. Multiplexed AGP1X Signals on Flexible Motherboards

AGP 1X Signal Names
RBF# FRAME#
ST[2:0] IRDY#
PIPE# TRDY#
REQ# STOP#
GNT# DEVSEL#
PAR

6.3.1.2. AGP-Only Motherboard Guidelines

e The AGP 1X timing domain signals (refer to Table 17) have a maximum trace length of 7.5 for
motherboards that will NOT support an AGP In-Line Memory Module (AIMM) card. This
maximum applies to ALL signals listed as 1X timing domain signals in Table 17.

e All AGP 1X timing domain signals can be routed with 5-mil minimum trace separation.

e There are no trace length matching requirements for 1X timing domain signals.

6.3.2. 2X/4X Timing Domain Routing Guidelines

These trace length guidelines apply to ALL signals listed in Table 17 as 2X/4X timing domain signals.
These signals should be routed using 5-mil (60-€2) traces.

The maximum line length and length mismatch requirements depend on the routing rules used on the
motherboard. These routing rules were created to provide design freedom by making tradeoffs between
signal coupling (trace spacing) and line lengths. The maximum length of the AGP interface defines which
set of routing guidelines must be used. Guidelines for short AGP interfaces (e.g., < 6”) and long AGP
interfaces (e.g., > 6” and < 7.25”) are documented separately. The maximum length allowed for the AGP
interface (on AGP-only motherboards) is 7.25”.
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Flexible Motherboard Guidelines

e For motherboards that support either an AGP card or an AIMM card in the AGP slot, the maximum
length of AGP 2X/4X timing domain signals is 4”.

e 1:3 trace width-to-spacing is required for AGP 2X/4X signal traces.

e AGP 2X/4X signals must be matched their associated strobe (as outlined in Table 17), within £0.5”.

For example, if a set of strobe signals (e.g., AD_STBO0 and AD_STBO0#) is 3.7” long, the data signals
associated with those strobe signals (e.g., AD[15:0] and C/BE[2:0]#) could be 3.2” to 4” long (since
there is a 4” max. length). Another strobe set (e.g., SB_STB and SB_STB#) could be 3.1” long, so that
the associated data signals (e.g., SBA[7:0]) could be 2.6” to 3.6” long.

The strobe signals (AD_STBO, AD_STB0#, AD_STBI1, AD_STBI#, SB_STB, and SB_STB#) act as
clocks on the source-synchronous AGP interface. Therefore, special care must be taken when routing
these signals. Since each strobe pair is truly a differential pair, the pair should be routed together (e.g.,
AD STBO and AD_STBO0# should be routed next to each other). The two strobes in a strobe pair should
be routed using 5-mil traces with at least 15 mils of space (1:3) between them. This pair should be
separated from the rest of the AGP signals—and all other signals—by at least 20 mils (1:4). The strobe
pair must be length-matched to less than +0.1.” (That is, a strobe and its complement must be the same
length within 0.1.”).

Figure 33. AGP 2X/4X Routing Example for Interfaces < 6” and AIMM/AGP Solutions

Design Guide

5-mil trace —» 2X/4X signal

15 miIsI 2X/4X signal
5-mil trace ——» 2X/4X signal

20 m“SI 2X/4X signal

5-mil trace —» AGP STB#

15 mis ]
5-mil trace —>» AGP STB

20 miIsI

5-mil trace —» 2X/4X signal
15 milsi
2X/4X signal

STB/STB# length

Associated AGP 2X/4X data signal length P PPPEYi

059 (05",

Min. Max.

AGP_2x-4x_routing

67




Intel® 815 Chipset Platform

6.3.2.2.

68

intel

AGP-Only Motherboard Guidelines

For motherboards that will not support an AIMM card populated in the AGP slot, the maximum AGP
2X/4X signal trace length is 7.25”. However, there are different guidelines for AGP interfaces shorter
than 6” (e.g., all AGP 2X/4X signals are less than 6” long) and those longer than 6” but shorter than the
maximum of 7.25”.

6.3.2.2.1. AGP Interfaces Shorter Than 6”

These guidelines are for designs that require less than 6” between the AGP connector and the GMCH:
¢ 1:3 trace width-to-spacing is required for AGP 2X/4X timing domain signal traces.

e AGP 2X/4X signals must be matched with their associated strobe (as outlined in Table 17),
within £0.5”.

For example, if a set of strobe signals (e.g., AD_STBO0 and AD_STBO0#) is 5.3” long, the data signals
associated with those strobe signals (e.g., AD[15:0] and C/BE[2:0]#) could be 4.8” to 5.8 long. Another
strobe set (e.g., SB_STB and SB__STB#) could be 4.2” long, and the data signals associated with those
strobe signals (e.g., SBA[7:0]) could be 3.7” to 4.7” long.

The strobe signals (AD_STBO0, AD_STB0#, AD_STBI1, AD_STBI#, SB_STB, and SB_STB#) act as
clocks on the source-synchronous AGP interface. Therefore, special care must be taken when routing
these signals. Because each strobe pair is truly a differential pair, the pair should be routed together (e.g.,
AD STBO0 and AD_STBO0# should be routed next to each other). The two strobes in a strobe pair should
be routed on 5-mil traces with at least 15 mils of space (1:3) between them. This pair should be separated
from the rest of the AGP signals—and all other signals—by at least 20 mils (1:4). The strobe pair must
be length-matched to less than £0.1.” (That is, a strobe and its complement must be the same length,
within 0.1.””) Refer to the previous figure for an illustration of these requirements.

6.3.2.2.2. AGP Interfaces Longer Than 6”

Because longer lines have more cross-talk, they require more space between traces to reduce the skew.
These guidelines are for designs that require more than 6 (but less than the maximum of 7.25”) between
the AGP connector and the GMCH, as follows:

¢ 1:4 trace width-to-spacing is required for AGP 2X/4X timing domain signal traces.

e AGP 2X/4X signals must be matched with their associated strobe (as outlined in Table 17), within
+0.125”.

For example, if a set of strobe signals (e.g., AD_STBO and AD_STBO0#) is 6.5” long, the data signals
associated with those strobe signals (e.g., AD[15:0] and C/BE[2:0]#) could be 6.475” to 6.625” long.
Another strobe set (e.g., SB_STB and SB_STB#) could be 6.2” long, and the data signals associated with
those strobe signals (e.g., SBA[7:0]) could be 6.075” to 6.325” long.

The strobe signals (AD_STBO0, AD_STBO0#, AD_STBI1, AD_STBI#, SB_STB, and SB_STB#) act as
clocks on the source-synchronous AGP interface. Therefore, special care must be taken when routing
these signals. Because each strobe pair is truly a differential pair, the pair should be routed together (e.g.,
AD STBO and AD_STBO0# should be routed next to each other). The two strobes in a strobe pair should
be routed on 5-mil traces with at least 20 mils of space (1:4) between them. This pair should be separated
from the rest of the AGP signals—and all other signals—by at least 20 mils (1:4). The strobe pair must
be length-matched to less than £0.1”. (That is, a strobe and its complement must be the same length,
within 0.17.)
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6.3.3. AGP Routing Guideline Considerations and Summary

This section applies to all AGP signals in any motherboard support configuration (e.g., “flexible” or
“AGP only”), as follows:

e The 2X/4X timing domain signals can be routed with 5-mil spacing, when breaking out of the
GMCH. The routing must widen to the documented requirements, within 0.3” of the GMCH
package.

e When matching the trace length for the AGP 4X interface, all traces should be matched from the
ball of the GMCH to the pin on the AGP connector. It is not necessary to compensate for the lengths
of the AGP signals on the GMCH package.

e Reduce line length mismatch to ensure added margin. Trace length mismatch for all signals within a
signal group should be as close to zero as possible, to provide timing margin.

e To reduce trace-to-trace coupling (cross-talk), separate the traces as much as possible.
e All signals in a signal group should be routed on the same layer.

e The trace length and trace spacing requirements must not be violated by any signal.

Table 20. AGP 2.0 Routing Summary

. Max. Trace Spacing Length .

Signal Length (5-mil Traces) Mismatch Relative to Notes
1X Timing 7574 5 mils No N/A None
Domain requirement
2X/4X Timing 7.25"* 20 mils +0.125” AD_STBO and AD_STBO, AD_STBO#
Domain Set#1 AD_STBO# must be the same length
2X/4X Timing 7.25"* 20 mils +0.125” AD_STB1 and AD_STB1, AD_STB1#
Domain Set#2 AD_STB1# must be the same length
2X/4X Timing 7.25™ 20 mils +0.125” SB_STB and SB_STB, SB_STB# must
Domain Set#3 SB_STB# be the same length
2X/4X Timing 6"* 15 mils’ +0.5” AD_STBO and AD_STBO, AD_STBO#
Domain Set#1 AD_STBO# must be the same length
2X/4X Timing 6" 15 mils’ +0.5” AD_STB1 and AD_STB1, AD_STB1#
Domain Set#2 AD_STB1# must be the same length
2X/4X Timing 6" 15 mils’ +0.5” SB_STB and SB_STB, SB_STB# must
Domain Set#3 SB_STB# be the same length

NOTES:
Each strobe pair must be separated from other signals by at least 20 mils.
These guidelines apply to board stack-ups with 15% impedance tolerance.
4” is the maximum length for a flexible motherboards.

1

2.
3.
4
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Solution valid for AGP-only motherboards.
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6.3.4. AGP Clock Routing

The maximum total AGP clock skew, between the GMCH and the graphics component, is 1 ns for all
data transfer modes. This 1 ns includes skew and jitter that originates on the motherboard, add-in card,
and clock synthesizer. Clock skew must be evaluated not only at a single threshold voltage, but at all
points on the clock edge that fall within the switching range. The 1-ns skew budget is divided such that
the motherboard is allotted 0.9 ns of clock skew. (The motherboard designer determines how the 0.9 ns is
allocated between the board and the synthesizer.)

For the Intel 815 chipset platform’s AGP clock routing guidelines, refer to Section 6.3.

6.3.5. AGP Signal Noise Decoupling Guidelines

The following routing guidelines are recommended for the optimal system design. The main focus of
these guidelines is to minimize signal integrity problems on the AGP interface of the GMCH. The
following guidelines are not intended to replace thorough system validation on Intel 815 chipset-based
products.

¢ A minimum of six 0.01-UF capacitors are required and must be as close as possible to the GMCH.
These should be placed within 70 mils of the outer row of balls on the GMCH for VDDQ
decoupling. The closer the placement, the better.

e The designer should evenly distribute placement of decoupling capacitors in the AGP interface
signal field.

e It is recommended that the designer use a low-ESL ceramic capacitor, such as with a 0603 body-
type X7R dielectric.

e To add the decoupling capacitors within 70 mils of the GMCH and/or close to the vias, the trace
spacing may be reduced as the traces go around each capacitor. The narrowing of space between
traces should be minimal and for as short a distance as possible (1"’ max.).

¢ In addition to the minimum decoupling capacitors, the designer should place bypass capacitors at
vias that transition the AGP signal from one reference signal plane to another. On a typical four
layer PCB design, the signals transition from one side of the board to the other. One extra 0.01-uF
capacitor is required per 10 vias. The capacitor should be placed as close as possible to the center of
the via field.

The designer should ensure that the AGP connector is well decoupled, as described in the Rev. 1.0 AGP
Design Guide, Section 1.5.3.3.
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Figure 34. AGP Decoupling Capacitor Placement Example

6.3.6.

Design Guide

|

? ey |

9t

(e ]
mll || igip “@]ﬂ |||\
ke

bl Wk
L

4

T 1
THEINET =Tl

AGP_decoupling_cap_placement

The previous figure is for example purposes only. It does not necessarily represent complete and correct
routing for this interface.

AGP Routing Ground Reference

It is strongly recommended that at least the following critical signals be referenced to ground from the
GMCH to an AGP connector (or to an AGP video controller, if implemented as a “down” solution on an
AGP-only motherboard), using a minimum number of vias on each net: AD STBO0, AD_STBO0#,

AD STBI1, AD STB1#, SB_STB, SB STB#, G GTRY#, G IRDY#, G_GNT#, and ST[2:0].

In addition to the minimum signal set listed previously, it is strongly recommended that half of all AGP
signals be referenced to ground, depending on the board layout. In an ideal design, the complete AGP
interface signal field would be referenced to ground. This recommendation is not specific to any
particular PCB stack-up, but should be applied to all Intel 815 chipset designs.
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6.4.1.

Note:

AGP 2.0 Power Delivery Guidelines

VDDQ Generation and TYPEDET#

AGP specifies two separate power planes: VCC and VDDQ. VCC is the core power for the graphics
controller. This voltage is always 3.3 V. VDDQ is the interface voltage. In AGP 1.0 implementations,
VDDQ was also 3.3 V. For the designer developing an AGP 1.0 motherboard, there is no distinction
between VCC and VDDAQ, as both are tied to the 3.3-V power plane on the motherboard.

AGP 2.0 requires that these power planes be separate. In conjunction with the 4X data rate, the AGP 2.0
interface specification provides for low-voltage (1.5-V) operation. The AGP 2.0 specification
implements a TYPEDET# (type detect) signal on the AGP connector, that determines the operating
voltage of the AGP 2.0 interface (VDDQ). The motherboard must provide either 1.5 V or 3.3 V to the
add-in card, depending on the state of the TYPEDET# signal. (Refer to the following table.) 1.5-V low-
voltage operation applies ONLY to the AGP interface (VDDQ). VCC is always 3.3 V.

The motherboard provides 3.3 V to the Vcc pins of the AGP connector. If the graphics controller needs a
lower voltage, then the add-in card must regulate the 3.3-V Vcc voltage to the controller’s requirements.
The graphics controller may ONLY power AGP 1/0 buffers with the VDDQ power pins.

The TYPEDET# signal indicates whether the AGP 2.0 interface operates at 1.5 Vor 3.3 V. If
TYPEDET# is floating (no connect) on an AGP add-in card, the interface is 3.3 V. If TYPEDET# is
shorted to ground, the interface is 1.5 V.

Table 21. TYPDET#/VDDQ Relationship

72

TYPEDET# vDDQ
(on add-in card) (supplied by MB)

GND 1.5V

N/C 33V

As a result of this requirement, the motherboard must provide a flexible voltage regulator or key the slot
to preclude add-in cards with voltage requirements incompatible with the motherboard. This regulator
must supply the appropriate voltage to the VDDQ pins on the AGP connector. For specific design
recommendations, refer to the schematics in Section 0. VDDQ generation and AGP VREF generation
must be considered together. Before developing VDDQ generation circuitry, refer to Section 6.4.1 and
the AGP 2.0 interface specification.
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Figure 35. AGP VDDQ Generation Example Circuit
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The previous figure demonstrates one way to design the VDDQ voltage regulator. This regulator is a
linear regulator with an external, low-Rds,, FET. The source of the FET is connected to 3.3 V. This
regulator will convert 3.3 V to 1.5 V or pass 3.3 V, depending on the state of TYPEDET#. If a linear
regulator is used, it must draw power from 3.3 V (not 5 V) to control thermals (i.e., 5 V regulated down
to 1.5 V with a linear regulator will dissipate approximately 7 W at 2 A). Because it must draw power
from 3.3 V and, in some situations, must simply pass that 3.3 V to VDDQ (when a 3.3-V add-in card is
placed in the system), the regulator MUST use a low-Rds,, FET.

AGP 1.0 ECR #44 modified VDDQ3.3 ,;, to 3.1 V. Using an ATX power supply, the 3.3 V ;;, is 3.168.
Therefore, 68 mV of drop is allowed across the FET at 2 A. This corresponds to a FET with an Rds,, of
34 mQ.

How does the regulator switch? The feedback resistor divider is set to 1.5 V. When a 1.5-V card is
placed in the system, the transistor is off and the regulator regulates to 1.5 V. When a 3.3-V card is
placed in the system, the transistor is on, and the feedback will be pulled to ground. When this happens,
the regulator will drive the gate of the FET to nearly 12 V. This will turn the FET on and pass

3.3 V-2 A *Rds,, to VDDQ.
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VREF Generation for AGP 2.0 (2X and 4X)

VREF generation for AGP 2.0 will be different, depending on the AGP card type used. 3.3-V AGP cards
will generate VREF locally. That is, they will have a resistor divider on the card that will divide VDDQ
down to VREF (refer to the following figure). To account for potential differences between VDDQ and
GND at the GMCH and graphics controller, 1.5-V cards use source-generated VREF. That is, the VREF
signal is generated at the graphics controller and sent to the GMCH, and another VREF is generated at the
GMCH and sent to the graphics controller (refer to the following figure).

Both the graphics controller and the GMCH are required to generate VREF and distribute it through the
connector (1.5-V add-in cards only). The following two pins are defined on the AGP 2.0 universal
connector to allow this VREF passing:

o VrefGC : VREF from the graphics controller to the chipset

e VrefCG: VREF from the chipset to the graphics controller

To preserve the common mode relationship between the VREF and data signals, the routing of the two
VREF signals must be matched in length to the strobe lines, within 0.5 on the motherboard and within
0.25” on the add-in card.

The voltage divider networks consists of AC and DC elements, as shown in the following figure.

The VREF divider network should be placed as close as practical to the AGP interface, to get the benefit
of the common-mode power supply effects. However, the trace spacing around the VREF signals must be
a minimum of 25 mils to reduce cross-talk and maintain signal integrity.

During 3.3-V AGP 2.0 operation, VREF must be 0.4 VDDQ. However, during 1.5-V AGP 2.0 operation,
VREF must be 0.5 VDDQ. This requires a flexible voltage divider for VREF. There are various methods
of accomplishing this. An example of one is shown in the following figure.
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Figure 36. AGP 2.0 VREF Generation and Distribution
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The flexible VREF divider shown in the previous figure uses an FET switch to switch between the locally
generated VREF (for 3.3-V add-in cards) and the source-generated VREF (for 1.5-V add-in cards).

Usage of the source-generated VREF at the receiver is optional and is a product implementation issue
beyond the scope of this document.
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6.5. Additional AGP Design Guidelines

6.5.1. Compensation

The GMCH AGP interface supports resistive buffer compensation (RCOMP). Tie the GRCOMP pin to a
40-Q, 2% (or 39-Q, 1%) pull-down resistor (to ground) via a 10-mil-wide, very short (<0.5”) trace.

6.5.2. AGP Pull-ups

AGP control signals require resistors that pull up to VDDQ on the motherboard, to ensure that they
contain stable values when no agent is actively driving the bus. The following signals require pull-up
resistors:

1X Timing Domain Signals:

FRAME#
TRDY#
[RDY#
DEVSEL#
STOP#
SERR#
PERR#
RBF#
PIPE#
REQ#
WBF#
GNT#
ST[2:0]

It is critical that these signals be pulled up to VDDQ, not 3.3 V.

The trace stub to the pull-up resistor on 1X timing domain signals should be kept at less than 0.5, to
avoid signal reflections from the stub.

The strobe signals require pull-ups/pull-downs on the motherboard to ensure that they contain
stable values when no agent is driving the bus.

Note: INTA# and INTB# should be pulled to 3.3 V, not VDDQ.

2X/4X Timing Domain Signals:

e AD STB[1:0] (pull up to VDDQ)
e SB STB (pull up to VDDQ)
e AD STB[1:0]# (pull down to ground)
e SB STB# (pull down to ground)

The trace stub to the pull-up/pull-down resistor on 2X/4X timing domain signals should be kept to less
than 0.1”, to avoid signal reflections from the stub.

The pull-up/pull-down resistor value requirements are Rmin = 4 kQ and Rmax = 16 kQ. The
recommended AGP pull-up/pull-down resistor value is 8.2 kQ.
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AGP Signal Voltage Tolerance List

The following signals on the AGP interface are 3.3-V tolerant during 1.5-V operation:

PME#
INTA#
INTB#
GPERR#
GSERR#
CLK
RST

The following signals on the AGP interface are 5-V tolerant (refer to the USB specification):

e USB+
e USB-
e OVRCNT#

The following special AGP signal is either GROUNDED or NOT CONNECTED on an AGP card.
e TYPEDET#

All other signals on the AGP interface are in the VDDQ group. They are not 3.3-V tolerant during
1.5-V AGP operation!

Motherboard / Add-in Card Interoperability

There are three AGP connectors: 3.3-V AGP connector, 1.5-V AGP connector, and Universal AGP
connector. To maximize add-in flexibility, it is highly advisable to implement the universal connector in
an Intel 815 chipset-based system. All add-in cards are either 3.3-V or 1.5-V cards. 4X transfers at 3.3 V
are not allowed due to timings.

Table 22. Connector/Add-in Card Interoperability

1.5-V Connector 3.3-V Connector Universal Connector
1.5-V Card 4 NO v
3.3-V Card NO v 4

Table 23. Voltage/Data Rate Interoperability

Design Guide

1X 2X 4X
1.5-V VDDQ 4 4 v
3.3-VvDDQ v v NO
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AGP / Display Cache Shared Interface

As described previously, the AGP and display cache interfaces of Intel 815 chipset are multiplexed or
shared. In other words, the same component pins (balls) are used for both interfaces, although obviously
only one interface can be supported at any given time. As a result, almost all display cache interface
signals are mapped onto the new AGP interface. The Intel 815 chipset can be configured in either AGP
mode or Graphics mode. In the AGP mode, the interface supports a full AGP 4X interface. In the
Graphics mode, the interface becomes a display cache interface similar to the Intel 810E chipset. Note,
however, that in the Graphics mode, the display cache is optional. No SDRAM devices have to be
connected to the interface. The only dedicated display cache signals are OCLK and RCLK, which need
not connect directly to the SDRAM devices. These are not mapped onto existing AGP signals.

AIMM Card Considerations

To support the fullest flexibility, a display cache exists on an add-in card (AGP In-Line Memory Module,
or AIMM) that complies with the AGP connector form factor. If the motherboard designer follows the
flexible routing guidelines for the AGP interface, which were detailed in previous sections, the customer
can choose to populate the AGP slot in an Intel 815 chipset system with either an AGP Graphics card
with an AIMM card to enable the highest-possible internal graphics performance, or with nothing to
obtain the lowest-cost internal graphics solution. Some AIMM/Intel 815 chipset interfacing implications
are as follows. For a complete description of the AIMM card design, refer to the AGP Inline Memory
Module Specification, which is available from Intel.

e A strap is required to determine which frequency to select for display cache operation. This is the
L FSEL pin of the GMCH. The AIMM card will pull this signal up or down, as appropriate to
communicate to the Intel 815 chipset the appropriate operating frequency. The Intel 815 chipset will
sample this pin on the deasserting edge of reset.

e Since current SDRAM technology is always 3.3 V rather than the 1.5-V option also supported by
AGP, the AIMM card should set the TYPEDET# signal correctly so as to indicate that it requires a
3.3-V power supply. Furthermore, the AIMM card should have only the 3.3-V key and not the
1.5-V key, thereby preventing it from being inserted into a 1.5-V-only connector.

e The pad buffers on the chip will be the normal AGP buffers and will work for both interfaces.

¢ Ininternal graphics mode, the AGPREF signal, which is required for the AGP mode, should remain
functional as a reference voltage for sampling 3.3-V LMD inputs. The voltage level on AGPREF
should remain exactly the same as in the AGP mode (as opposed to VCC/2, which was used for
previous products).

AGP and AIMM Mechanical Considerations

The AIMM card will be designed with a notch on the PCB to go around the AGP universal retention
mechanism. To guarantee that the AIMM card will meet all shock and vibration requirements of the

system, the AGP universal retention mechanism will be required on all AGP sockets that will support an
AIMM card.
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Display Cache Clocking

The display cache is clocked source synchronously from a clock generated by the GMCH. The display
cache clocking scheme uses three clock signals: LTCLK clocks the SDRAM devices and is muxed with
an AGP signal and should be routed according to the flexible AGP guidelines. LOCLK and LRCLK
clock the input buffers of the Intel 815 chipset. LOCLK is an output of the GMCH and is a buffered copy
of LTCLK. LOCLK should be connected to LRCLK at the GMCH with a length of PCB trace, to create
the appropriate clock skew relationship between the Intel 815 chipset clock input (LRCLK) and the
SDRAM capacitor clock input(s). The guidelines are illustrated in the following figure.

Figure 37. Intel®815 Chipset Display Cache Input Clocking
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AGP_display_cache_input_clock

The capacitor should be placed as close as possible to the GMCH LRCLK pin. To minimize skew
variation, we recommend a 1% series termination resistor, and a 5% NPO capacitor (to stabilize the
value across temperatures). In addition to the 15-Q, 1% resistor and 15-pF, 5% NPO capacitor, the
following combination also can be used: 10-€ 1% resistor and 22-pF, 5% NPO.
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/. Integrated Graphics Display Output

71. Analog RGB/CRT

71.1. RAMDAC/Display Interface

The following figure shows the interface of the RAMDAC analog current outputs with the display. Each
DAC output is doubly terminated with a 75-CQ resistance: One 75-Q resistance is from the DAC output to
the board ground, and the other termination resistance exists within the display. The equivalent DC
resistance at the output of each DAC output is 37.5 Q. The current output from each DAC flows into this
equivalent resistive load to produce a video voltage, without the need for external buffering. There is also
an LC pi-filter that is used to reduce high-frequency glitches and noise and to reduce EMI. To maximize
the performance, the filter impedance, cable impedance, and load impedance should be the same. The LC
pi-filter consists of two 3.3-pF capacitors and a ferrite bead with a 75-Q impedance at 100 MHz. The LC
pi-filter is designed to filter glitches produced by the RAMDAC, while maintaining adequate edge rates
to support high-end display resolutions.
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Figure 38. Schematic of RAMDAC Video Interface
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Diodes Dy, D, are clamping diodes with low leakage and low capacitive loading. An example is:
California Micro Devices PAC DN006 (6 channel ESD protection array).

In addition to the termination resistance and LC pi-filter, there are protection diodes connected to the
RAMDAC outputs to help prevent latch-up. The protection diodes must be connected to the same power
supply rails as the RAMDAC. An LC filter is recommended to connect the segmented analog 1.8-V
power plane of the RAMDAC to the 1.8-V board power plane. The LC filter should be designed for a
cut-off frequency of 100 kHz.
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Reference Resistor (Rset) Calculation

The full-swing video output is designed to be 0.7 V, according to the VESA video standard. With an
equivalent DC resistance of 37.5 Q (two 75-Q in parallel; one 75-C termination on the board and one
75-Q termination within the display), the full-scale output current of a RAMDAC channel is

0.7/37.5 Q = 18.67 mA. Since the RAMDAC is an 8-bit current-steering DAC, this full-scale current is
equivalent to 255 I, where I is a unit current. Therefore, the unit current or LSB current of the DAC
signals equals 73.2 pA. The reference circuitry generates a voltage across this Ry, resistor equal to the
bandgap voltage divided by three (407.6 mV). The RAMDAC reference current generation circuitry is
designed to generate a 32-I reference current using the reference voltage and the Ry value. To generate a
32-1 reference current for the RAMDAC, the reference current setting resistor, Ry, is calculated using
the following equation:

Rset = VREF /321 =0.4076 V / 32*73.2 pA =174 Q

RAMDAC Board Design Guidelines

The following figure shows a general cross-section of a typical four-layer board. The recommended
RAMDAC routing for a four-layer board is such that the red, green, and blue video outputs are routed on
the top (bottom) layer over (under) a solid ground plane, to maximize the noise rejection characteristics
of the video outputs. It is essential to prevent toggling signals from being routed next to the video output
signals to the VGA connector. A 20-mil spacing between any video route and any other routes is
recommended.

Figure 39. Cross-Sectional View of a Four-Layer Board
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Matching the video routes (red, green, blue) from the RAMDAC to the VGA connector also is essential.
The routing for these signals should be as similar as possible (i.e., same routing layer(s), same number of
vias, same routing length, same bends and jogs).

The following figure shows the recommended RAMDAC component placement and routing. The
termination resistance can be placed anywhere along the video route from the RAMDAC output to the
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VGA connector, as long as the impedance of the traces is designed as indicated in the following figure. It
is recommended that the pi-filters be placed in close proximity to the VGA connector, to maximize EMI
filtering effectiveness. It is recommended that the LC filter components for the RAMDAC/PLL power
plane, decoupling capacitors, latch-up protection diodes, and reference resistor be placed in close
proximity to the respective pins. Figure 41 shows the recommended reference resistor placement and
ground connections.

Figure 40. Recommended RAMDAC Component Placement & Routing
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Diodes D, D, are clamping diodes with low leakage and low capacitive loading. An example is:
California Micro Devices PAC DNO006 (6 channel ESD protection array).
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Figure 41. Recommended RAMDAC Reference Resistor Placement and Connections
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7.1.4. HSYNC/VSYNC Output Guidelines

The Hsync and Vsync output of the 82815 GMCH may exhibit up to 1.26V P-P noise when driven high
under high traffic system memory conditions. To minimize this, the following is required.

Add External Buffers to Hsync and Vsync. Examples include: Series 10 Ohm resistor with a 74LVCO08

Design Guide
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Digital Video Out

The Intel® Digital Video Out (DVO) port is a scaleable, low-interface port that ranges from 1.1 V to

1.8 V. This Intel DVO port interfaces with a discrete TV encoder to enable platform support for TV-Out,
with a discrete TMDS transmitter to enable platform support for DVI-compliant digital displays, or with
an integrated TV encoder and TMDS transmitter.

The GMCH DVO port controls the video front-end devices via an 12C interface, by using the LTVDA
and LTVCK pins. I°C is a two-wire communications bus/protocol. The protocol and bus are used to
collect EDID (Extended Display Identification) from a digital display panel and to detect and configure
registers in the TV encoder or TMDS transmitter chips.

DVO Interface Routing Guidelines

Route data signals (LTVDATA[11:0]) with a trace width of 5 mils and a trace spacing of 20 mils. These
signals can be routed with a trace width of 5 and a trace spacing of /5 for navigation around components
or mounting holes. To break out of the GMCH, the DVO data signals can be routed with a trace width of
5 and a trace spacing of 5. The signals should be separated to a trace width of 5 and a trace spacing of 20
within 0.3” of the GMCH component. The maximum trace length for the DVO data signals is 7”. These
signals should each be matched within £0.1” of the LTVCLKOUT[1] and LTVCLKOUTJ0] signals.

Route the LTVCLKOUTTJ1:0] signals 5 mils wide and 20 mils apart. This signal pair should be a
minimum of 20 mils from any adjacent signals. The maximum length for LTVCLKOUTJ[1:0] is 7, and
the two signals should be the same length.

DVO I2C Interface Considerations

LTVDA and LTVCK should be connected to the TMDS transmitter, TV encoder or integrated TMDS
transmitter/TV encoder device, as required by the specifications for those devices. LTVDA and LTVCK
should also be connected to the DVI connector, as specified by the DVI specification. 4.7-kQ pull-ups
(or pull-ups with the appropriate value derived from simulation) are required on each of LTVDA and
LTVCK.

Leaving the Intel® 815 Chipset DVO Port Unconnected

If the motherboard does not implement any of the possible video devices with the Intel 815 chipset’s
DVO port, the following are recommended on the motherboard:

e Pull-up LTVDA and LTVCK with 4.7-k€ resistors at the GMCH. This will prevent the Intel 815
chipset DVO controller from confusing noise on these lines for false I°C cycles.

e Route LTVDATA[11:0] and LTVCLKOUTTJ1:0] out of the BGA to test points for use by automated
test equipment (if required). These signals are part of one of the GMCH XOR chains.
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Hub Interface

Note:

The 82815 GMCH ball assignment and 82801 AA ICH ball assignment have been optimized to simplify
hub interface routing. It is recommended that the hub interface signals be routed directly from the GMCH
to the ICH on the top signal layer. Refer to the following figure.

The hub interface is broken into two signal groups: data signals and strobe signals.

e Data Signals:
— HL[10:0]

e Strobe Signals:
— HL _STB
— HL_STB#

HL STB/HL STB# is a differential strobe pair.

No pull-ups or pull-downs are required on the hub interface. HL[11] on the ICH should be brought out to
a test point for NAND Tree testing. Each signal should be routed such that it meets the guidelines
documented for the signal group to which it belongs.

Figure 42. Hub Interface Signal Routing Example
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Data Signals

Hub interface data signals should be routed with a trace width of 5 and a trace spacing of 20. These
signals can be routed with a trace width of 5 and a trace spacing of /5 for navigation around components
or mounting holes. To break out of the GMCH and the ICH, the hub interface data signals can be routed
with a trace width of 5 and a trace spacing of 5. The signals should be separated to a trace width of 5 and
a trace spacing of 20 within 0.3” of the GMCH/ICH components.

The maximum trace length for the hub Interface data signals is 7”. These signals should each be matched
within £0.1” of the HL_STB and HL._STB# signals.

Strobe Signals

Due to their differential nature, the hub Interface strobe signals should be 5 mils wide and routed 20 mils
apart. This strobe pair should be a minimum of 20 mils from any adjacent signal. The maximum length
for the strobe signals is 7”, and the two strobes should be the same length. Additionally, the trace length
for each data signal should be matched to the trace length of the strobes, within £0.1”".

HREF Generation/Distribution

HREF is the hub interface reference voltage. It is 0.5 * 1.8 V.= 0.9 V + 2%. It can be generated using a
single HREF divider or locally generated dividers (as shown in the following two figures). The resistors
should be equal in value and rated at 1% tolerance (to maintain 2% tolerance on 0.9 V). The value of
these resistors must be chosen to ensure that the reference voltage tolerance is maintained over the entire
input leakage specification. The recommended range for the resistor value is from a minimum of 100 Q
to a maximum of 1 kQ (300 Q shown in example).

The single HREF divider should not be located more than 4" away from either the GMCH or ICH. If the
single HREF divider is located more than 4" away, then the locally generated hub interface reference
dividers should be used instead.

The reference voltage generated by a single HREF divider should be bypassed to ground at each
component with a 0.01-uF capacitor located close to the component HREF pin. If the reference voltage is
generated locally, the bypass capacitor must be close to the component HREF pin.
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Figure 43. Single-Hub-Interface Reference Divider Circuit
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Figure 44. Locally Generated Hub Interface Reference Dividers
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8.1.4. Compensation

Independent Hub interface compensation resistors are used by the 82815 GMCH and ICH to adjust
buffer characteristics to specific board characteristics. Refer to the Intel® 815 Chipset Family: 82815
Graphics and Memory Controller Hub (GMCH) Datasheet and the Intel® 8280144 (ICH) and 82801AB

(ICHO) /0O Controller Hub Datasheet for details on compensation. Resistive compensation (RCOMP)
guidelines are as follows:

e RCOMP: Tie the HLCOMP pin of each component to a 40-Q 1% or 2% pull-up resistor (to 1.8 V)

via a 10-mil-wide, 0.5 trace (targeted at a nominal trace impedance of 40 ). The GMCH and ICH
each require their own RCOMP resistor.
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9. I/O Subsystem

9.1. Ultra ATA/66

9.1.1. IDE Routing Guidelines

This section contains guidelines for connecting and routing the ICH IDE interface. The ICH has two
independent IDE channels. This section provides guidelines for IDE connector cabling and motherboard
design, including component and resistor placement and signal termination for both IDE channels. The
ICH integrates the series terminating resistors typically required on the IDE data and control signals
running to the two ATA connectors.

The IDE interface can be routed with 5-mil traces on 5-mil spaces, and it should be less than 8” long
(from ICH to IDE connector). Additionally, the shortest IDE signal (on a given IDE channel) must be
less than 1”’shorter than the longest IDE signal (on the channel).

Cabling

Design Guide

Length of Cable: Each IDE cable should be <18”.
Capacitance: Less than 30 pF.

Placement: A maximum of 6” between drive connectors on the cable. If a single drive is placed on
the cable, it should be placed at the end of the cable. If a second drive is placed on the same cable, it
should be placed on the connector next closest to the end of the cable (6” away from the end of the
cable).

Grounding: Provide a direct low-impedance chassis path between the motherboard ground and
hard disk drives.

Ultra ATA/66: Ultra ATA/66 requires the use of an 80-conductor cable.
ICH Placement: The ICH should be placed within 8” of the ATA connector.

PC99 Requirement: Support of Cable Select for master-slave configuration is a system design
requirement for Microsoft PC99. The CSEL signal needs to be pulled down at the host side by
means of a 470-Q pull-down resistor for each ATA connector.
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Figure 45. IDE Min./Max. Routing and Cable Lengths
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The new IDE cable required for Ultra ATA/66 is an 80-conductor cable. However, the 40-pin connectors
do not change. The wires in the cable alternate as follows: ground, signal, ground, signal,.... All ground
wires are tied together on the cable (and they are tied to ground on the motherboard through the ground
pins in the 40-pin connector). This cable conforms to the Small Form Factor Specification SFF-8049,
which can be obtained from the Small Form Factor Committee.

Figure 46. Ultra ATA/66 Cable
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Motherboard

ICH Placement: The ICH should be placed within 8” of the ATA connector(s). There are no
minimum length requirements for this spacing.

Capacitance: The capacitance of each pin of the IDE connector on the host should be less than
25 pF when the cables are disconnected from the host.

Series Termination: There is no need for series termination resistors on the data and control
signals, since series termination is integrated into these signal lines on the ICH.

A 1-kQ pull-up to 5 V is required on PIORDY and SIORDY.
A 470-Q pull-down is required on pin 28 of each connector.
A 5.6-kQ pull-down is required on PDREQ and SDREQ.

Support Cable Select (CSEL) is a PC99 requirement. The state of the cable select pin determines the
master/slave configuration of the hard drive at the end of the cable.

The primary IDE connector uses IRQ14, and the secondary IDE connector uses IRQ15.
IRQ14 and IRQ15 each require an 8.2-kQ pull-up resistor to VCC.

Due to the elimination of the ISA bus from the ICH, PCI_RST# should be connected to pin 1 of the
IDE connectors as the IDE reset signal. Because of high loading, the PCI_RST# signal should be
buffered.

There is no internal pull up or down on PDD7 or SDD7 of the ICH. Devices shall not have a pull-up
resistor on DD7. It is recommended that a host have a 10-k€ pull-down resistor on PDD7 and
SDD7 to allow the host to recognize the absence of a device at power-up (as required by the ATA-4
specification).

If no IDE is implemented with the ICH, the input signals (xDREQ and xIORDY) can be grounded
and the output signals can be left as no connects.
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Figure 47. Resistor Schematic for Primary IDE Connectors
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Figure 48. Resistor Schematic for Secondary IDE Connectors

9.1.2.
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Ultra ATA/66 Detection

The ATA/66 cable is an 80-conductor cable. However, the 40-pin connectors used on motherboards for
40-conductor cables do not change as a result of this new cable. The wires in the cable alternate as
follows: ground, signal, ground, signal.... All ground wires are tied together at the connectors on the
cable (and they are tied to ground on the motherboard through the ground pins in the 40-pin connector).
This cable conforms to the Small Form Factor Specification SFF-8049, which can be obtained from the
Small Form Factor Committee.

To determine whether the ATA/66 mode can be enabled, the chipset using the ICH requires the system
BIOS to attempt to determine the type of cable used in the system. The BIOS does this in one of two
ways:

1. Host-side detection
2. Device-side detection

If the BIOS detects an 80-conductor cable, it may use any Ultra DMA mode up to the highest transfer
mode supported by both the ICH and the IDE device. Otherwise, the BIOS can only enable modes that
do not require an 80-conductor cable (example: Ultra ATA/33 Mode).

After determining the Ultra DMA mode to be used, the BIOS configures the chipset hardware and
software to match the selected mode.
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Ultra ATA/66 Motherboard Guidelines

The chipset (using the ICH) can use two methods to detect the cable type. Each mode requires a different
motherboard layout.

Host-Side Detection: BIOS Detects Cable Type Using GPIOs

Host-side detection requires the use of two GPI pins (one per IDE controller). The proper way to connect
the PDIAG#/CBLID# signal of the IDE connector to the host is shown in the following figure. All Ultra
ATA/66 devices have a 10-kQ pull-up resistor to 5 V. Most GPIO pins on the ICH and all GPIs on the
FWH are not 5-V tolerant. This requires a resistor divider so that 5 V will not be driven to the ICH or
FWH pins. The proper value of the series resistor is 15 kQ (as shown in the following figure). This
creates a 10-k€/15-kQ resistor divider and will produce approximately 3 V for a logic high. This
mechanism allows the host to sample PDIAG#/CBLID#, after diagnostics. If PDIAG#/CBLIB# is high,
then there is 40-conductor cable in the system and ATA modes 3 and 4 should not be enabled. If
PDIAG#/CBLID# is low, then there is an 80-conductor cable in the system.

Figure 49. Host-Side IDE Cable Detection
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Drive-Side Detection: BIOS Queries IDE Drive for Cable Type

Drive-side detection requires only a 0.047-UuF capacitor on the motherboard, as shown in the following
figure. This mechanism creates a resistor-capacitor (RC) time constant. The ATA mode 3 or 4 drive will
drive PDIAG#/CBLID# low and then release it (pulled up through a 10-kQ resistor). The drive will
sample the PDIAG# signal after releasing it. In an 80-conductor cable, PDIAG#/CBLID# is not
connected through, and therefore the capacitor has no effect. In a 40-conductor cable, PDIAG#/CBLID#
is connected though to the drive. Therefore the signal will rise more slowly. The drive can detect the
difference in rise times and it will report the cable type to the BIOS when it sends the

IDENTIFY DEVICE packet during system boot, as described in the ATA/66 specification.

Figure 50. Drive-Side IDE Cable Detection
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Layout for BOTH Host-Side and Drive-Side Cable Detection

It is possible to lay out for both host-side and drive-side cable detection and decide the method to be
used during assembly. The following figure shows the layout that allows for both host-side and drive-side

detection.

For Host-Side Detection:
e R1 is a 0-Q resistor.
e R2isa 15-kQ resistor.
e Cl1 is not stuffed.

For Drive-Side Detection:
e R1 is not stuffed.
e R2 is not stuffed.

e Cl is a 0.047-uF capacitor.

Figure 51. Flexible IDE Cable Detection
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AC’97

The ICH implements an AC’97 2.1-compliant digital controller. Any codec attached to the ICH AC-link
should be AC’97 2.1 compliant as well. Contact your preferred codec vendor for information on

AC’97 2.1-compliant products. The AC’97 2.1 specification is available on the Intel website at the
following web page:

http://developer.intel.com/pc-supp/platform/ac97/index.htm

The ICH supports the codec combinations listed in the following table.

AC’97 Configuration Combinations
Primary Secondary
Audio (AC) None
Modem (MC) None
Audio (AC) Modem (MC)
Audio/Modem (AMC) None

As shown in the table, the ICH does not support two codecs of the same type on the link. For example, if
an AMC is on the link, it must be the only codec. If an AC is on the link, another AC may not be present.

Communications and Networking Riser

Intel has developed a common connector specification known as the Communications and Networking
Riser (CNR). This specification defines a mechanism that enables OEM plug-in card options.

The CNR specification provides a mechanism for placing AC’97 codecs on a riser card. This is
important for modem codecs, as it facilitates international certification of the modem.

The CNR specification replaces the Audio/Modem Riser specification (AMR).
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AC’97 Routing

To ensure the maximum performance of the codec, proper component placement and routing techniques
are required. These techniques include properly isolating the codec, associated audio circuitry, analog
power supplies, and analog ground planes, from the rest of the motherboard. This includes plane splits
and proper routing of signals not associated with the audio section. Contact your vendor for device-
specific recommendations.

The basic recommendations are as follows:
e Special consideration must be given for the ground return paths for the analog signals.

¢ Digital signals routed in the vicinity of the analog audio signals must not cross the power plane split
lines. Analog and digital signals should be located as far as possible from each other.

e Partition the board with all analog components grouped together in one area and all digital
components in another.

e Separate analog and digital ground planes should be provided, with the digital components over the
digital ground plane, and the analog components, including the analog power regulators, over the
analog ground plane. The split between planes must be a minimum of 0.05” wide.

e Keep digital signal traces, especially the clock, as far as possible from the analog input and voltage
reference pins.

¢ Do not completely isolate the analog/audio ground plane from the rest of the board ground plane.
There should be a single point (0.25” to 0.5” wide) where the analog/isolated ground plane connects
to the main ground plane. The split between planes must be a minimum of 0.05” wide.

e Any signals entering or leaving the analog area must cross the ground split in the area where the
analog ground is attached to the main motherboard ground. That is, no signal should cross the
split/gap between the ground planes, which would cause a ground loop, thereby greatly increasing
EMI emissions and degrading the analog and digital signal quality.

¢ Analog power and signal traces should be routed over the analog ground plane.

¢ Digital power and signal traces should be routed over the digital ground plane.

e Bypassing and decoupling capacitors should be close to the IC pins, or positioned for the shortest
connections to pins, with wide traces to reduce impedance.

¢ All resistors in the signal path or on the voltage reference should be metal film. Carbon resistors can
be used for DC voltages and the power supply path, where the voltage coefficient, temperature
coefficient, and noise are not factors.

e Regions between analog signal traces should be filled with copper, which should be electrically
attached to the analog ground plane. Regions between digital signal traces should be filled with
copper, which should be electrically attached to the digital ground plane.

e Locate the crystal or oscillator close to the codec.

Clocking is provided from the primary codec on the link via BITCLK, and it is derived from a
24.576-MHz crystal or oscillator. Refer to the primary codec vendor for the crystal or oscillator
requirements. BITCLK is a 12.288-MHz clock driven by the primary codec to the digital controller
(ICH) and by any other codec present. The clock is used as the time base for latching and driving data.

The ICH supports wake-on-ring from S1-S4 via the AC’97 link. The codec asserts SDATAIN to wake
the system. To provide wake capability and/or caller ID, standby power must be provided to the modem
codec.

If no codec is attached to the link, internal pull-downs will prevent the inputs from floating. Therefore,
external resistors are not required.
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9.2.3. AC’97 Signal Quality Requirements

In a lightly loaded system (e.g., single codec down), AC'97 signal integrity should be evaluated to
confirm that the signal quality on the link is acceptable to the codec used in the design. A series resistor
at the driver and a capacitor at the codec can be implemented to compensate for any signal integrity
issues. The values used will be design dependent and should be verified for correct timings. The ICH
AC-link output buffers are designed to meet the AC'97 2.1 specification, with the specified load of

50 pF.

9.24. Motherboard Implementation

The following design considerations are provided for the implementation of an ICH platform using
AC’97. These design guidelines have been developed to ensure maximum flexibility for board designers,
while reducing the risk of board-related issues. These recommendations are not the only implementation
or a complete checklist, but they are based on the ICH platform.

Design Guide

Codec Implementation

Any valid combination of codecs may be implemented on the motherboard and on the riser.
For ease of homologation, it is recommended that a modem codec be implemented on a CNR
module. However, nothing precludes a modem codec on the motherboard.

Only one primary codec may be present on the link. A maximum of two codecs can be
supported in an ICH platform.

Components such as FET switches, buffers or logic states should not be implemented on the
AC-link signals, except for AC_RST#. Doing so would potentially interfere with timing
margins and signal integrity.

The ICH supports wake-on-ring from S1-S4 states via the AC’97 link. The codec asserts
SDATAIN to wake the system. To provide wake capability and/or caller ID, standby power
must be provided to the modem codec. If no codec is attached to the link, internal pull-downs
will prevent the inputs from floating, so external resistors are not required. The ICH does not
wake from the S5 state via the AC’97 link.

The SDATAIN[0:1] pins should not be left in a floating state if the pins are not connected and
the AC-link is active. Rather, they should be pulled to ground through a weak (approximately
10-k€) pull-down resistor. If the AC-link is disabled (by setting the shut-off bit to 1), then the
ICH’s internal pull-down resistors are enabled, so there is no need for external pull-down
resistors. However, if the AC-link is to be active, then there should be pull-down resistors on
any SDATAIN signal that might not be connected to a codec. For example, if a dedicated audio
codec is on the motherboard and cannot be disabled via a hardware jumper or stuffing option,
then its SDATAIN signal does not need a pull-down resistor. However, if the SDATAIN signal
has no codec connected or is connected to an on-board codec that can be hardware-disabled,
then the signal should have an external pull-down resistor to ground.

The ICH provides internal weak pull-downs. Therefore the motherboard does not need to provide
discrete pull-down resistors.

PC_BEEP should be routed through the audio codec. Care should be taken to avoid the introduction
of a pop when powering the mixer up or down.
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USB

The following are general guidelines for the USB interface:

Unused USB ports should be terminated with 15-k€ pull-down resistors on both P+/P- data lines.

15-Q series resistors should be placed as close as possible to the ICH (<17). These series resistors
provide source termination of the reflected signal.

47-pF caps must be placed as close as possible to the ICH as well as on the ICH side of the series
resistors on the USB data lines (PO+, P1+4). These caps are for signal quality (rise/fall time) and to
help minimize EMI radiation.

15-kQ+5% pull-down resistors should be placed on the USB side of the series resistors on the USB
data lines (PO+, P1+). They provide the signal termination required by the USB specification. The
stub should be as short as possible.

The trace impedance for the PO+ and P 1=+ signals should be 45 Q (to ground) for each USB signal
P+ or P-. This may be achieved with 9-mil-wide traces on the motherboard based on the stack-up
recommended in Figure 3. The impedance is 90 Q between the differential signal pairs P+ and P-, to
match the 90-Q USB twisted-pair cable impedance. Note that the twisted-pair characteristic
impedance of 90 Q is the series impedance of both wires, which results in an individual wire
presenting a 45-Q impedance. The trace impedance can be controlled by carefully selecting the
trace width, trace distance from power or ground planes, and physical proximity of nearby traces.

USB data lines should be routed as ‘critical signals’ (i.e., hand-routing preferred). The P+/P- signal
pair should be routed together and not parallel to other signal traces, to minimize cross-talk.
Doubling the space from the P+/P- signal pair to adjacent signal traces will help to prevent cross-
talk. The P+/P- signal traces should also be the same length, which will minimize the effect of
common mode current on EMI.
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Figure 52.

Recommended USB Schematic
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The recommended USB trace characteristics are as follows:
e Impedance ‘Z0’ =45.4 Q

Line delay = 160.2 ps
Capacitance = 3.5 pF
Inductance = 7.3 nH
Res @ 20° C = 53.9 mQ

I0-APIC (/O Advanced Programmable Interrupt
Controller)

The I0-APIC interrupt controller architecture provides several performance benefits over the 8259
architecture. It is recommended that all uniprocessor (UP) designs connect IO-APIC signals.

e On the ICH

— Connect PICCLK directly to ground.
— Connect PICDO, PICD1 to ground through a 10-kQ resistor.

e On the processor
— PICCLK must be connected from the clock generator to the PICCLK pin on the processor.
— Connect PICDO to 2.5 V through 10-kQ resistors.
— Connect PICD1 to 2.5 V through 10-kQ resistors.
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SMBus

The Alert on LAN signals can be used as:
e Alert on LAN signals: 4.7-kQ pull-up resistors to 3.3 VSB are required.

e GPIOs: Pull-up resistors to 3.3 VSB and the signals must be allowed to change states on power-up.
(For example, on power-up the ICH drives heartbeat messages until the BIOS programs these
signals as GP1Os.) The values of the pull-up resistors depend on the loading on the GPIO signal.

e Not Used: 4.7-kQ pull-up resistors to 3.3 VSB are required.

If the SMBus is used only for the three SPD EEPROMSs (one on each RIMM), both signals should be
pulled up with a 4.7-kQ resistor to 3.3 V.

PCI

The ICH provides a PCI bus interface that is compliant with the PCI Local Bus Specification, Revision
2.2. The implementation is optimized for high-performance data streaming when the ICH is acting as
either the target or the initiator on the PCI bus. For more information on the PCI bus interface, refer to
the PCI Local Bus Specification, Revision 2.2.

The ICH supports 6 PCI Bus masters by providing 6 REQ#/GNT# pairs. In addition, the ICH supports 2
PC/PCI REQ#/GNT# pairs, one of which is multiplexed with a PCI REQ#/GNT# pair.

Based on simulations performed by Intel, a maximum of 4 PCI slots should be connected to the ICH.
This limit is due to timing and loading considerations established during simulations. If a system designer
wants 5 PCI slots connected to the ICH, then the designer’s company should perform its own simulations
to verify a proper design.

Figure 53. PCI Bus Layout Example for 4 PCl Connectors
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LPC/FWH

9.7.1. In-Circuit FWH Programming

9.7.2.

9.8.

9.8.1.

Design Guide

All cycles destined for the FWH will appear on the PCI. The ICH hub interface to the PCI bridge puts all
processor boot cycles out on the PCI (before sending them out on the FWH interface). If the ICH is set
for subtractive decode, these boot cycles can be accepted by a positive decode agent out on PCI. This
enables booting from a PCI card that positively decodes these memory cycles. To boot from a PCI card,
it is necessary to keep the ICH in subtractive decode mode. If a PCI boot card is inserted and the ICH is
programmed for positive decode, there will be two devices positively decoding the same cycle. In
systems with the 82380AB (ISA bridge), it also is necessary to keep the NOGO signal asserted when
booting from a PCI ROM. Note that it is not possible to boot from a ROM behind the 82380AB. After
booting from the PCI card, one potentially could program the FWH in circuit and program the ICH
CMOS.

FWH Vpp Design Guidelines

The Vpp pin on the FWH is used for programming the flash cells. The FWH supports a Vpp of 3.3 V or
12 V. If Vpp is 12 V, the flash cells will program about 50% faster than at 3.3 V. However, the FWH
only supports 12 Vpp for 80 hours. The 12 Vpp would be useful in a programmer environment, if it
typically is an event that occurs very infrequently (much fewer than 80 hours). The Vpp pin MUST be
tied to 3.3 V on the motherboard.

RTC

The ICH contains a real-time clock (RTC) with 256 bytes of battery-backed SRAM. This internal RTC
module provides two key functions: keeping the date and time and storing system data in its RAM when
the system is powered down.

This section will explain the recommended hookup for the RTC circuit for the ICH. This circuit is not
the same as the circuit used for the PIIX4.

RTC Crystal

The ICH RTC module requires an external oscillating source of 32.768 kHz connected on the RTCX1
and RTCX2 pins.
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Figure 54. External Circuitry of RTC Oscillator
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NOTES:

The exact capacitor value should be based on the crystal vendor's recommendations.

VccRTC: Power for RTC well

RTCX2: Crystal input 2 — Connected to the 32.768-kHz crystal

RTCX1: Crystal input 1 — Connected to the 32.768-kHz crystal

VBIAS: RTC bias voltage — This pin is used to provide a reference voltage. This DC voltage sets a current,
which is mirrored through the oscillator and buffer circuitry.

Vss: Ground

RN~

o

9.8.2. External Capacitors

To maintain the RTC accuracy, the external capacitor C1 should be set to 0.047 uF, and the external
capacitor values (C2 and C3) should be chosen to provide the manufacturer-specified load capacitance
(Cload) for the crystal, when combined with the parasitic capacitance of the trace, socket (if used), and
package.

The following equation can be used to choose the external capacitance values (C2 and C3):
Cload = (C2*C3) / (C2+C3) + Cparasitic

Where C3 can be chosen such that C3 > C2. Then C2 can be trimmed to obtain 32.768 kHz.

9.8.3. RTC Layout Considerations

e Keep the lead lengths as short as possible. Approximately 0.25” is sufficient.
e Minimize the capacitance between Xin and Xout in the routing.
e Put a ground plane under the XTAL components.

e Don’t route any switching signals under the external components (unless on the other side of the
board).

e The oscillator VCC should be clean. Use a filter, such as an RC low-pass or a ferrite inductor.
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9.8.4. RTC External Battery Connection

The RTC requires an external battery connection to maintain its functionality and its RAM while the ICH
is not powered by the system.

Example batteries are the Duracell* 2032, 2025 or 2016 (or equivalent), which can give many years of
operation. Batteries are rated by storage capacity. The battery life can be calculated by dividing the
capacity by the average current required. For example, if the battery storage capacity is 170 mAh
(assumed usable) and the average current required is 3 UA, the battery life will be at least:

170,000 pAh / 3 uA = 56,666 h = 6.4 years

The voltage of the battery can affect the RTC accuracy. In general, when the battery voltage decays, the
RTC accuracy also decreases. High accuracy can be obtained when the RTC voltage is within the range
of3.0Vto 33 V.

The battery must be connected to the ICH via an isolation diode circuit. The diode circuit allows the ICH
RTC well to be powered by the battery when the system power is not available, but by the system power
when it is available. To do this, the diodes are set to be reverse-biased when the system power is not
available. This is an example of a diode circuitry that can be used.

Figure 55. Diode Circuit to Connect RTC External Battery
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A standby power supply should be used to provide continuous power to the RTC when available, which
will significantly increase the RTC battery life and thereby the RTC accuracy.
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RTC External RTCRESET Circuit

Figure 56. RTCRESET External Circuit for the ICH RTC
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The ICH RTC requires some additional external circuitry. The RTCRESET (RTC Well Test) signal is
used to reset the RTC well. The external capacitor (2.2 uF) and the external resistor (8.2 k) between
RTCRESET and the RTC battery (Vbat) were selected to create a RC time delay, such that RTCRESET
will go high some time after the battery voltage is valid. The RC time delay should be within the range
10-20 ms. When RTCRESET is asserted, bit 2 (RTC_PWR_STS) in the GEN_PMCON_3 (General PM
Configuration 3) register is set to 1, and it remains set until software clears it. As a result, when the
system boots, the BIOS knows that the RTC battery has been removed.

This RTCRESET circuit is combined with the diode circuit (Figure 55), which allows the RTC well to be
powered by the battery when the system power is not available. The previous figure shows an example of
this circuitry, which is used in conjunction with the external diode circuit.

RTC Routing Guidelines

e All RTC OSC signals (RTCX1, RTCX2, VBIAS) should be routed with trace lengths shorter than
1. (The shorter, the better.)

e Minimize the capacitance between RTCX1 and RTCX2 in the routing (optimally by means of a
ground line between them).

e Put a ground plane under all of the external RTC circuitry.

¢ Do not route any switching signals under the external components (unless on the other side of the
ground plane).
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Guidelines to Minimize ESD Events

Guidelines to minimize ESD events that may cause loss of CMOS contents:

Provide a 1-uF 805 X5R dielectric, monolithic, ceramic capacitor on the VCCRTC pin. This
capacitor connection should not be stubbed off the trace run and should be as close as possible to
the ICH. If a stub is required, its maximum length should be a few mm. The ground connection
should be made through a via to the plane, with no trace between the capacitor pad and the via.

Place the battery, the 1-kQ series current limit resistor, and the common-cathode isolation diode
very close to the ICH. If this is not possible, place the common-cathode diode and the 1-kQ resistor
as close as possible to the 1-UF cap. Do not place these components between the cap and the ICH.
The battery can be placed remotely from the ICH.

On boards that have chassis intrusion utilizing inverters powered by the VCCRTC pin, place the
inverters as close as possible to the common-cathode diode. If this is not possible, keep the trace run
near the center of the board.

Keep the ICH VCCRTC trace away from the board edge. If this trace must run from opposite ends
of the board, keep the trace run towards the board center, away from the board edge where contact
could be made by those handling the board.

VBIAS and DC Voltage and Noise Measurements

Steady-state VBIAS will be a DC voltage of about 0.38 V + 0.06 V.

VBIAS will be “kicked” when the battery is inserted, to about 0.7—1.0 V, but it will return to its DC
value within a few msec.

Noise on VBIAS must be kept to a minimum: 200 mV or less.

VBIAS is very sensitive and cannot be probed directly. It can be probed through a 0.01-uF
capacitor.

Excess noise on VBIAS can cause the ICH internal oscillator to misbehave or even stop completely.

To minimize the VBIAS noise, it is necessary to implement the routing guidelines described
previously as well as the required external RTC circuitry.
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10.

Intel® 815 Chipset Platform

Clocking

10.1.

10.1.1.

For the Intel® 815 chipset system, there are two clock specifications. One is for a two-DIMM solution,
and the other is for a three-DIMM solution.

2-DIMM Clocking

Clock Generation

Table 25. Intel® CK815 (2 DIMM) Clocks

Design Guide

Number Clock Frequency

3 Processor clocks 66/100/133 MHz
9 SDRAM clocks 100 MHz

7 PCI clocks 33 MHz

2 APIC clocks 16.67/33 MHz
2 48-MHz clocks 48 MHz

3 3-V, 66-MHz clocks 66 MHz

1 REF clock 14.31818 MHz

Features (56-Pin SSOP Package)

9 copies of 100-MHz SDRAM clocks (3.3 V) [SDRAMO-7, DCIk]

7 copies of PCI clock (33 MHz) (3.3 V)

2 copies of APIC clock @ 33 MHz, synchronous to processor clock (2.5 V)
1 copy of 48-MHz USB clock (3.3 V) [non-SSC] (type 3 buffer)

1 copy of 48-MHz DOT clock (3.3 V) [non-SSC] (see DOT details)

3 copies of 3-V, 66-MHz clock (3.3 V)

1 copy of REF clock @ 14.31818 MHz (3.3 V)

Reference 14.31818-MHz xtal oscillator input

Power-down pin

Spread-spectrum support

1IC support for turning off unused clocks
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10.1.2. 2-DIMM Clock Architecture

Figure 57. Intel® 815 Chipset Clock Architecture
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10.2.

3-DIMM Clocking

10.2.1. Clock Generation

Table 26. Intel® CK815 (3 DIMM) Clocks

Design Guide

Number Clock Frequency
2 Processor clocks 66/100/133 MHz
13 SDRAM clocks 100 MHz
2 PCI clocks 33 MHz
1 APIC clocks 33 MHz
2 48MHz clocks 48 MHz
3 3-V, 66-MHz clocks 66 MHz
1 REF clock 14.31818 MHz

Features (56-Pin SSOP Package)
e 13 copies of SDRAM clocks

e 2 copies of PCI clock

1 copy of APIC clock
1 copy of 48-MHz USB clock (3.3 V) [non-SSC] (type 3 buffer)
1 copy of 48-MHz DOT clock (3.3 V) [non-SSC] (see DOT details)

e 3 copies of 3-V, 66-MHz clock (3.3 V)

Spread-spectrum support

1 copy of REF clock @ 14.31818 MHz (3.3 V)
Reference 14.31818-MHz xtal oscillator input

1IC support for turning off unused clocks

Intel® 815 Chipset Platform
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10.2.2.

3-DIMM Clock Architecture

Figure 58. Intel® 815 Chipset Clock Architecture
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Clock Routing Guidelines

This section presents the generic clock routing guidelines for both 2-DIMM and 3-DIMM boards. For
3-DIMM boards, additional analysis must be performed by the motherboard designer to ensure that the
clocks generated by the external PCI clock buffer meet the PCI specifications for clock skew at the
receiver, when compared with the PCI clock at the ICH.

Figure 59. Clock Routing Topologies
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Table 27. Simulated Clock Routing Solution Space

Destination Topology from Section 0 Section 1 Section 2 Section 3
Previous Figure Length Length Length Length
SDRAM MCLK Layout 1 N/A <0.%5 A N/A
GMCH SCLK Layout 2 N/A <0.5 A+3.5 0.5”
Processor BCLK Layout 3 <0.1” <0.5” A+52 A+8
GMCH HCLK <0.5”
GMCH HUBCLK Layout 4 N/A <0.5” A+8 N/A
ICH HUBCLK Layout 4 N/A <0.5” A+8 N/A
ICH PCICLK Layout 4 N/A <0.5” A+8” N/A
AGP CLK Layout 4 N/A <0.5” A+3" N/A
to
A+4"
PCI Down2 Layout 4 N/A <0.5” A+85 N/A
to
A+14”
PCI Slot2 Layout 1 N/A <0.5” A+5”
to
A+11”
NOTES:

1. Length “A” has been simulated up to 6”.

2. All PCI clocks must be within 6” of the ICH PCICLK route length. Routing on PCI add-in cards must be included
in this length. In the presented solution space, ICH PCICLK was considered to be the shortest in the 6” trace
routing range, and other clocks were adjusted from there. The system designer may choose to alter the
relationship between the PCI device and slot clocks, as long as all PCI clock lengths are within 6”. Note that
the ICH PCICLK length is fixed, to meet the skew requirements of ICH PCICLK to ICH HUBCLK.

General clock layout guidelines:
e All clocks should be routed 5 mils wide with 15-mil spacing to any other signals.

e [t is recommended to place capacitor sites within 0.5” of the receiver of all clocks. They are useful
in system debug and AC tuning.

o Series resistor for clock guidelines: 22 Q for GMCH SCLK and SDRAM clocks. All other clocks
use 33 Q.

Design Guide



intal

10.4.

10.5.
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Intel® 815 Chipset Platform

Clock Decoupling

Several general layout guidelines should be followed when laying out the power planes for the CK815
clock generator.

e Isolate the power plane to each clock group.

e Place local decoupling as close as possible to power pins and connect with short, wide traces and
copper.

e Connect pins to the appropriate power plane with power vias (larger than signal vias).

e Bulk decoupling should be connected to plane with 2 or more power vias.

e Minimize clock signal routing over plane splits.

¢ Do not route any signals underneath the clock generator on the component side of the board.

e An example signal via is a 14-mil finished hole with a 24-26-mil path. An example power via is an
18-mil finished hole with a 33—38-mil path. For large decoupling or power planes with large current
transients, it is advisable to use a larger power via.

Clock Driver Frequency Strapping

A CK815-compliant clock driver device uses two of its pins (SELO and REF0) to determine whether
processor clock outputs should run at 133 MHz, 100 MHz or 66 MHz. In addition, there is a third
defined strapping pin, called SEL1, which must be pulled high for normal clock driver operation. Refer
to the appropriate CK815 clock driver specification for detailed strap timings and logic encoding of
straps.

SELO and REFO are driven by either the processor (dependent on processor populated in the 370-pin
socket) or pull-up resistors on the motherboard. While SELO is a pure input to a CK815-compliant clock
driver, REFO is also the 14-MHz output that drives the ICH and other devices on the platform. In
addition to sampling straps at reset, CK815-compliant clock drivers are configured by the BIOS via a
two-wire interface, to drive SDRAM clock outputs at either 100 MHz (default) or 133 MHz (if all system
requirements are met).

If ACPI power management is supported on an Intel 815 chipset platform, the motherboard designer
should power the clock chip and input straps from the 3.3 Vsus (e.g., active in SO, S1, S3, S4, S5) power
supply. This enables the clock driver to seamlessly maintain its configuration register settings while
switching between ACPI sleep and wake states. A block diagram of the recommended clock frequency
strapping network with implementation considerations is shown in the following figure.
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Figure 60. Recommended Clock Frequency Strapping Network
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For the platform to come out of a reset properly, clock driver straps powered from the standby supply
must be isolated from any logic that powers off in ACPI sleep states.

10.6.

Clock Skew Assumptions

The clock skew assumptions in the following table are used in the system clock simulations.

Table 28. Simulated Clock Skew Assumptions

@ other PCI devices

e 1.5-ns board/add-in skew

Skew Relationships Target Tolerance (%) Notes
HCLK @ GMCH to HCLK Ons 150 ps e Assumes ganged clock outputs will allow max. of
@ processor 50-ps skew
HCLK @ GMCH to SCLK Ons 600 ps * 500-ps pin-to-pin skew
@ GMCH e 100-ps board/package skew
SCLK @ GMCH to SCLK Ons 630 ps o 250-ps pin-to-pin skew
@ SDRAM e 380-ps board + DIMM variation
HLCLK @ GMCH to SCLK Ons 900 ps * 500-ps pin-to-pin skew
@ GMCH e 400-ps board/package skew
HLCLK @ GMCH to HCLK Ons 700 ps * 500-ps pin-to-pin skew
@ GMCH e 200-ps board/package skew
HLCLK @ GMCH to HLCLK Ons 375 ps e 175-ps pin-to-pin skew
@ ICH e 200-ps board/package skew
HLCLK @ ICH to PCICLK Ons 900 ps * 500-ps pin-to-pin skew
@ ICH e 400-ps board/package skew
PCICLK @ ICH to PCICLK Ons 2.0-ns window | e 500-ps pin-to-pin skew

HLCLK @ GMCH to
AGPCLK @ connector

AGP design guide 1.0).

additional 750 ps.

o Total electrical length of AGP connector + add-in
card is 750 ps (according to AGP2.0 spec and

e Motherboard clock routing must account for this
additional electrical length. Therefore, AGPCLK
routed to the connector must be shorter than
HLCLK to the GMCH, to account for this
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Power Delivery

Design Guide

The following figure shows the power delivery architecture for an example Intel® 815 chipset platform.
This power delivery architecture supports the “Instantly Available PC Design Guidelines” via the
suspend-to-RAM (STR) state.

During STR, only the necessary devices are powered. These devices include main memory, the ICH
resume well, PCI wake devices (via 3.3 Vaux), AC’97, and optionally the USB. (The USB can be
powered only if sufficient standby power is available.) To ensure that enough power is available during
STR, a thorough power budget should be completed. The power requirements should include each
device’s power requirements, both in suspend and in full power. The power requirements should be
compared with the power budget supplied by the power supply. Due to the requirements of main memory
and the PCI 3.3 Vaux (and possibly other devices in the system), it is necessary to create a dual-power
rail.

The solutions given in this design guide are only examples. Many power distribution methods achieve
similar results. When deviating from these examples, it is critical to consider the effect of the change.
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Figure 61. Power Delivery Map
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11.1. Thermal Design Power

Thermal Design Power (TDP) is defined as the estimated maximum possible expected power generated
in a component by a realistic application. It is based on extrapolations in both hardware and software
technology over the life of the product. It does not represent the expected power generated by a power
virus.

The TDP of the 82815 GMCH component is 5.1 W.
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11.2. Power Sequencing

This section shows the timings among various signals during different power state transitions.

Figure 62. G3-S0 Transistion
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Figure 63. S0-S3-S0 Transition
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Figure 64.

S0-S5-S0 Transition

Intel® 815 Chipset Platform
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Table 29. Power Sequencing Timing Definitions

intel

Symbol Parameter Min. Max. Units

t1 VeeSUS Good to RSMRST# inactive 1 25 ms

t2 VceSUS Good to SLP_S3#, SLP_S5#, and PCIRST# active 50 Ns

t3 RSMRST# inactive to SLP_S3# inactive 1 4 RTC clocks
t4 RSMRST# inactive to SLP_S5# inactive 1 4 RTC clocks
t5 RSMRST# inactive to SUS_STAT# inactive 1 4 RTC clocks
t6 SLP_S3#, SLP_S5#, SUS_STAT# inactive to Vcc3.3core good * *

t7 Vcce3.3core good to CPUSLP# inactive 50 ns

t8 Vcce3.3core good to PWROK active * *

t9 Vce3.3core good to clocks valid * *

t10 Clocks valid to PCIRST# inactive 500 us

t11 PWROK active to PCIRST# inactive 9 1.1 ms

t12 PCIRST# inactive to Cycle 1 from GMCH 1 ms

t13 Cycle 1 from ICH to Cycle 2 from GMCH 60 ns

t14 PCIRST# inactive to STPCLK de-assertion 1 4 PCI clocks
t15 PCIRST# to frequency straps valid -4 4 PCI clocks
t16 Cycle 2 from ICH to frequency straps invalid 180 ns

t17 Cycle 2 from ICH to CPURST# inactive 110 ns

t18 Stop Grant Cycle to CPUSLP# active 8 PCI clocks
t19 CPUSLP# active to SUS_STAT# active 1 RTC clock
t20 SUS_STAT# active to PCIRST# active 2 3 RTC clocks
t21 PCIRST# active to SLP_S3# active 1 2 RTC clocks
t22 PWROK inactive to Vcc3.3core not good 20 ns

t23 Wake event to SLP_S3# inactive 2 3 RTC clocks
t24 PCIRST# inactive to STPCLK# inactive 1 4 PCI clocks
t25 SLP_S3# active to SLP_S5# active 1 2 RTC clocks
t26 SLP_S5# inactive to SLP_S3# inactive 2 3 RTC clocks
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Pull-up and Pull-down Resistor Values

Pull-up and pull-down values are system dependent. The appropriate value for your system can be
determined from an AC/DC analysis of the pull-up voltage used, the current drive capability of the output
driver, input leakage currents of all devices on the signal net, the pull-up voltage tolerance, the pull-
up/pull-down resistor tolerance, the input high/low voltage specifications, the input timing specifications
(RC rise time), etc. Analysis should be performed to determine the minimum/maximum values that may
be used on an individual signal. Engineering judgment should be used to determine the optimal value.
This determination can include cost concerns, commonality considerations, manufacturing issues,
specifications, and other considerations.

A simplistic DC calculation for a pull-up value is:
RMAX = (VCCPU MIN - VIH MIN) / ILEAKAGE MAX
RMIN = (VCCPU MAX - VIL MAX) / IOL MAX

Since I paxags MAX is normally very small, Ryjax may not be meaningful. Ryax is also determined by
the maximum allowable rise time. The following calculation allows for t, the maximum allowable rise
time, and C, the total load capacitance in the circuit, including input capacitance of the devices to be
driven, output capacitance of the driver, and line capacitance. This calculation yields the largest pull-up
resistor allowable to meet the rise time t.

Ryiax = -t/ (C * In(1-(Vig MIN / Veepy MIN)))

Figure 65. Pull-up Resistor Example

11.4.

Design Guide

Vcc:pu min. V(;cpu max.
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pwr_pullup_res

ATX Power Supply PWRGOOD Requirements

The PWROK signal must be glitch free for proper power management operation. The ICH sets the
PWROK FLR bit (ICH GEN_PMCON 2, General PM Configuration 2 Register, PM-dev31: function 0,
bit 0, at Offset A2h). If this bit is set upon resume from S3 power down, the system will reboot, and
control of the system will not be given to the program running when entering the S3 state. System
designers should ensure that PWROK signal designs are glitch free.
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Power Management Signals

A power button is required by the ACPI specification.

PWRBTN# is connected to the front panel’s on/off power button. The ICH integrates 16-msec
debouncing logic on this pin.

AC power loss circuitry has been integrated into the ICH to detect power failure.

It is recommended that the PS_POK signal from the power supply connector be routed through a
Schmitt trigger to square off and maintain its signal integrity. It should not be connected directly to
logic on the board.

PS_POK logic from the power supply connector can be powered from the core voltage supply.

RSMRST# logic should be powered by a standby supply, while making sure that the input to the
ICHO/ICH is at the 3-V level. The RSMST# signal requires a minimum time delay of 1 millisecond
from the rising edge of the standby power supply voltage. A Schmitt trigger circuit is recommended
to drive the RSMRSTH# signal. To provide the required rise time, the 1 millisecond delay should be
placed before the Schmitt trigger circuit. The reference design implements a 20-ms delay at the
input of the Schmitt trigger to ensure that the Schmitt trigger inverters have sufficiently powered up
before switching the input. Also ensure that voltage on RSMRST# does not exceed VCC(RTC).

It is recommended that 3.3-V logic be used to drive RSMRST#, to alleviate rise time problems
when using a resistor divider from VCCS5.

The PWROK signal to the chipset is a 3-V signal.
The core well power valid to PWROK asserted at the chipset is a minimum of 1 msec.
PWROK to the chipset must be deasserted after RSMRST#.

PWRGOOD signal to processor is driven with an open-collector buffer pulled up to 2.5 V using a
330-Q resistor.

The circuitry checks for both powered-up processor VRM as well as the PS_POK signal from the
ATX power supply connector, before asserting PWRGOOD and PWROK to the PROCESSOR and
the ICH.
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Figure 66. PWRGOOD and PWROK Logic

Design Guide

Simplified PWRGOOD and PWROK
generation logic

VCC

PWRGOOD to
processor (2.5 V)

ATX_PS_POK |

VRM_PWRGD — \
ITP_RESET

PWROK to ICH (3.3 V)

Note: The polarities have been altered to simplify the drawing.

pwr_pwrgood_pwrok_logic

e RI# can be connected to the serial port if this feature is used. To implement ring indicate as a wake
event, the RS232 transceiver driving the RI# signal must be powered when the ICH suspend well is
powered. This can be achieved with a serial port transceiver powered from the standby well that
implements a shutdown feature.

e SLP S3# from the ICH must be inverted and then connected to PSON of the power supply
connector, to control the state of the core well during sleep states.

e For an ATX power supply, when PSON is low, the core wells are turned on. When PSON is high,
the core wells from the power supply are turned off.
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Power Button Implementation

The following items should be considered when implementing a power management model for a desktop
system. The power states are as follows:

S1 — Stop grant (PROCESSOR context not lost)
S3 — STR (Suspend-to-RAM)

S4 — STD (Suspend-to-disk)

S5 — Soft-off

Wake: Pressing the power button wakes the computer from S1-S5.
Sleep: Pressing the power button signals software/firmware as follows:

If SCI is enabled, the power button will generate an SCI to the operating system.
— The operating system will implement the power button policy to allow orderly shutdowns.
— Do not override this with additional hardware.

If SCI is not enabled:

— Enable the power button to generate an SMI and go directly to soft-off or a supported sleep
state.

— Poll the power button status bit during POST while SMIs are not loaded, and go directly to
soft-off if it gets set.

— Always install an SMI handler for the power button that operates until ACPI is enabled.

Emergency override: When the power button is pressed for 4 seconds, the state transitions directly
to SS.

— This is only to be used in EMERGENCIES, when the system fails to respond.

— In most cases, this will cause user data to be lost.

Do not suggest pressing the power button for 4 sec. as the normal mechanism for powering off the
machine. This violates ACPI.

To be compliant with the latest PC9x specification, machines must appear off to the user when in
the S1-S4 sleeping states. This implies the following:

— All lights except a power state light must be off.

— The system must be inaudible (i.e., silent or stopped fan, drives off).

Note: Contact Microsoft* for the latest information concerning PC9x and Microsoft Logo programs.
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12. System Design Checklist

This design review checklist highlights design considerations that should be reviewed prior to
manufacturing a motherboard that implements an Intel” 815 chipset. This is not a complete list and does
guarantee that a design will function properly. Besides the items in the following text, refer to the most
recent version of the design guide for more detailed instructions on designing a motherboard.

The following tables contain design considerations for the various portions of a design. Each table
describes one portion and is titled accordingly. Contact your Intel Field Representative for questions or
issues regarding the interpretation of information in these tables.

121. Host Interface GTL Bus and GTL Signals

Checklist Items Recommendations
A[35:3]# ! Connect A[31:3J# to GMCH. Leave A[35:32]# as No Connect (not supported by
chipset).
ADS#, BNR#, BPRI#, Terminate to Vtt1.5 through 56-ohm resistor / Connect to GMCH

DBSY#, DEFER#, DRDY#,

HA[31:3]#, HD[63:0]#, HIT#,
HITM#, LOCK#, REQ[4:0#,
RS[2:0]#, TRDY#

BREQ[O]# (BRO#) 10 Q pulldown resistor to ground.

RESET#/ Terminate to Vtt1.5 through 86-ohm resistor / decoupled through 22-ohm resistor in
series with 10 pf capacitor to ground / Connect to GMCH. Also terminated to Vtt1.5
RESET2# through 86-ohm resistor.
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CMOS (Non-GTL) Signals

Checklist Items

Recommendations

IERR# 150 Q pullup resistor to VCC_CMOS if tied to custom logic or leave as No Connect
(not used by chipset).

PREQ# ~200 Q-330 Q pullup resistor to VCC_CMOS / Connect to ITP.

PWRGOOD 150 Q-330 Q pull-up to 2.5V, output from the PWRGOOD logic.

THERMTRIP# 150 Q pullup resistor to VCC_CMOS and connect to power off logic, or leave as No

Connect.

A20M#, FERR#, FLUSH#,
IGNNE#, INIT#, INTR#,
NMI, PICD[1:0], SLP#,
SMI#, STPCLK#,

150 Q PULL-UP TO VCMOS / CONNECT TO ICH

PWRGOOD

330 Q pull-up to VCC2_5 / Connect to POWERGOOD logic

VTT

Route VTT to all components on the host bus

AA33, AA35, AN21, E23,
S33, 837, U35, U37

Since an Intel® 815 chipset platform will not be Intel® Celeron™ processor (PPGA)
compatible, these pins must be connected directly to Vit

G37

It is now recommended that pin G37, normally RESERVED, be connected directly
to the 1.5Volt Vit plane.

TAP Checklist for 370-Pin Socket Processors

Checklist Items

Recommendations

TCK, TMS 1 KQ pullup resistor to VCC_CMOS / 47 Q series resistor to ITP.
TDI ~200 Q-330 Q pullup resistor to VCC_CMOS / Connect to ITP.
TDO 150 Q pullup resistor to VCC_CMOS / Connect to ITP.

TRST# ~680 Q pulldown resistor to ground / Connect to ITP.

PRDY# 150 Q pullup resistor to Vtt / 240 Q series resistor to ITP.
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Miscellaneous Checklist for 370-Pin Socket Processors

Checklist Items

Recommendations

BCLK

Connect to clock generator / 22 Q—33 Q series resistor (though OEM needs to
simulate based on driver characteristics). To reduce pin-to-pin skew, tie host clock
outputs together at the clock driver then route to the GMCH and processor.

BSELO

Case 1, 66/100/133 MHz support: 1 KQ pullup resistor to 2.5V, connect to CK810E
SELO input, connect to GMCH LMD29 pin via 10 KQ series resistor.

Case 2, 100/133 MHz support: 1 KQ pullup resistor to 2.5V, connect to PWRGOOD
logic such that a logic low on BSELO negates PWRGOOD.

BSEL1

1 KQ pullup resistor to 2.5V, connect to CK810E REF pin via 10 KQ series resistor,
connect to GMCH LMD13 pin via 10 KQ series resistor.

CLKREF

Connect to divider on VCC_2.5 or VCC_3.3 to create 1.25V reference with a 4.7 uF
decoupling capacitor. Resistor divider must be created from 1% tolerance resistors.
Do not use VTT as source voltage for this reference! See Figure 1-9.

CPUPRES#

Tie to ground, leave as No Connect, or could be connected to PWRGOOD logic to
gate system from powering on if no processor is present. If used, 1 QK—-10 KQ
pullup resistor to any voltage.

EDGCTRL/VRSEL

Not needed for Intel® Pentium Il processor support — No Connect.

PICCLK

Connect to clock generator / 22 Q-33 Q series resistor (though OEM needs to
simulate based on driver characteristics).

PLL1, PLL2

Low pass filter on VCC_CORE provided on motherboard. Typically a 4.7 uH
inductor in series with VCC_CORE is connected to PLL1 then through a series
33 uF capacitor to PLL2.

RTTCTRL® (S35),
SLEWCTRL (E27)

110 Q £1% pulldown resistor to ground.

THERMDN, THERMDP

No Connect if not used; otherwise connect to thermal sensor using vendor
guidelines.

VCC_1.5 Connected to same voltage source as VTT. Must have some high and low
frequency decoupling.

VCC_2.5 Does not need to be connected for Intel® Pentium 111 processor support. No
Connect.

VCC_CMOS Used as pull-up voltage source for CMOS signals between processor and chipset
and for TAP signals between processor and ITP. Must have some decoupling
(HF/LF) present.

VCC_CORE 10 ea (min) 4.7 uF in 1206 package all placed within the PGA370 socket cavity.

8 ea (min) 1 uF in 0612 package placed in the PGA370 socket cavity.

VCORE_DET (E21)

220 Q pullup resistor to 3.3V, connect to GMCH LMD27 pin via 10 KQ series
resistor.

VID[3:0] Connect to on-board VR or VRM. For on-board VR, 10 KQ pullup resistor to power-
solution compatible voltage required (usually pulled up to input voltage of the VR).
Some of these solutions have internal pullups. Optional override (jumpers, ASIC,
etc.) could be used. May also connect to system monitoring device.

VID[4] Connect regulator controller pin to ground (not on processor).
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Checklist Items

Recommendations

VREF[7:0] Connect to VREF voltage divider made up of 75 Q and 150 Q 1% resistors
connected to Vit.
Decoupling Guidelines:
4 ea. (min) 0.1 uF in 0603 package placed within 500 mils of VREF pins.

Vit Connect AH20, AK16, AL13, AL21, AN11, AN15, and G35 to 1.5V regulator.
Provide high and low frequency decoupling.
Decoupling Guidelines:
19 ea (min) 0.1 uF in 0603 package placed within 200 mils of AGTL+ termination
resistor packs (r-paks). Use one capacitor for every two (r-paks).
4 ea (min) 0.47 uF in 0612 package

NO CONNECTS The following pins must be left as no-connects: AA33, AA35, AK30, AM2, AN21,

E23, F10, G37, L33, N33, N35, N37, Q33, Q35, Q37, R2, S33, S37, U35, U37,
W35, X2, Y1
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Checklist Items

Recommendations

RTC circuitry

Refer to design guide for exact circuitry.

PME#, PWRBTN#,
LAD[3..0#/FWH[3..0}#

No external pull-up resistor on those signals with integrated pull-ups.

SPKR

Optional strapping: Internal pull-up resistor is enabled at reset for strapping after -
reset the internal pull-up resistor is disabled. Otherwise connect to motherboard
speaker logic. (When strapped, use strong pullup e.g. 2 KQ)

AC_SDOUT, AC_BITCLK

Optional strapping: Internal pull-up resistor is enabled at reset for strapping after -
reset the internal pull-up resistor is disabled. Otherwise connect to AC’97 logic.

AC_SDIN[1:0]

Internal pull-down resistor is enabled only when the AC link hut-off bit in the s ICH is
set.

Use 10 KQ (approximate) pull down resistors on both signals if using AMR.

For onboard AC’97 devices, use a 10 KQ (approximate) pull down resistor on the
signal that is not used.

Otherwise connect to AC’97 logic.

PDD[15:0], PDIOW#,
PDIOR#, PDREQ,
PDDACK#, PIORDY,
PDA[2:0], PDCS1#,
PDCS3#, SDD[15:0],
SDIOW#, SDIOR#,
SDREQ, SDDACK#,
SIORDY, SDAJ[2:0],
SDCS1#, SDCS3#, IRQ14,
IRQ15

No external series termination resistors on those signals with integrated series
resistors.

PCIRST#

The PCIRST# signal should be buffered to the IDE connectors.

No floating inputs (including
bi-directional signals):

Unused core well inputs should be tied to a valid logic level (either pulled up to 3.3V
or pulled down to ground). Unused resume well inputs must be either pulled up to
3.3VSB or pulled down to ground. Ensure all unconnected signals are OUTPUTS
ONLY!

PDD[15:0], SDD[15:0]

PDD7 and SDD7 need a 10 KQ (approximate) pull down resistor. No other pull-
ups/pull-downs are required. Refer to ATA ATAPI-4 spefication.

PIORDY, SDIORDY

Use approximately 1 KQ pull up resistor to 5V.

PDDREQ, SDDREQ

Use approximately 5.6 KQ pull down resistor to ground.

IRQ14, IRQ15 Need 8.2 KQ (approximate) pull-up resistor to 5V.

HL11 No pull-up resistor required. A test point or no stuff resistor is needed to be able to
drive the ICHO/ICH into a NAND tree mode for testing purposes.

VccRTC No clear CMOS jumper on VccRTC. Use a jumper on RTCRST# or a GPI, or use a
safe-mode strapping for clear CMOS.

SMBus: The value of the SMBus pull ups should reflect the number of loads on the bus. For
most implementations with 4-5 loads, 4.7 KQ resistors are recommended. OEMs

SMBCLK should conduct simulation to determine exact resistor value.

SMBDATA
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Checklist Items Recommendations

APICDI[0:1], APICCLK If the APIC is used: 150 Q (approximate) pull ups on APICDI[0:1] and connect
APICCLK to the clock generator.

If the APIC is not used: The APICCLK can either be tied to GND or connected to the
clock generator, but not left floating.

GPI[8:13] Ensure all wake events are routed through these inputs. These are the only GPIs
that can be used as ACPI compliant wake events because the are the only GPI
signals in the resume well that have associated status bits in the GPE1_STS
register.

HL_COMP RCOMP Method:

Tie the COMP pin to a 40 Q 1% or 2% (or 39 Q 1%) pull up resistor to 1.8V via a
10-mil wide, very short(-0.5 inch) trace (targeted for a nominal trace impedance of
40 Q)

5V_REF Refer to the most recent version of the Design Guide for implementation of the
voltage sequencing circuit.

SERIRQ Pull-up through 8.2 KQ resistor (approximate) to 3.3V

SLP_S3#, SLP_S5# No pullups required. These signals are always driven by the ICHO/ICH.

CLK66 Use 18 pF tuning capacitor as close as possible to ICH.

GPI027/ALERTCLK Add a 10 KQ pull up resistor to 3VSB (3 volt standby) on both of these signals.

GPIO28/ALERTDATA

PCI_GNT# No external pull ups are required on PCI_GNT# signals. However, if external pull
ups are implemented, they must be pulled up to 3.3V.

12.6. AGP Interface 1X Mode Signals

Checklist Items Recommendations

RBF#, WBF#, PIPE#, Pull up to VDDQ through 8.2 KQ
GREQ#, GGNT#, GPAR,
GFRAME#, GIRDY#,
GTRDY#, GSTOP#,
GDEVSEL#, GPERR#,
GSERR# , ADSTBO,
ADSTB1, SBSTB

ADSTBO#, ADSTB1#, Pull down to ground through 8.2 KQ

SBSTB#

PME# Connect to PCI Connector 0 Device Ah / Connect to PCI Connector 1 Device Bh /
Connect to 82559 LAN (if implemented)

TYPEDET# Connect to AGP Voltage regulator circuitry / AGP Reference circuitry

PIRQ#A, PIRQ#B Pull up to 5V through 2.7 KQ / Follow Ref. Schematics (other device connections)

134 Design Guide



INtal.

12.7.

12.8.

12.9.

Design Guide

Hub Interface
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Checklist Items

Recommendations

HUBREF Connect to HUBREF generation circuitry. Refer to design guide update for new
circuitry.
HL_COMP Pull up to VCC1.8 through 40 Q (both GMCH and ICH side)

Digital Video Output Port

Checklist Items

Recommendations

VREF — Connector side only

CONNECT TO VOLTAGE DIVIDER CIRCUIT NEAR DIGITAL VIDEO OUT
CONNECTOR (SEE REF. SCHEMATICS)

USB Checklist

Checklist Items

Recommendations

USBPOP, USBPON,
USB_D1_N, USB_D1_P

Decouple through a 47 pf cap to GND
Signal goes through 15 Q resistor
Pull down through a 15 KQ resistor to GND

OC#0

Connected to AGP/AC97 Circuitry (See Intel CRB Schematic pg. 20)

USB_D2_N, USB_D2_P,
USB_D3_N, USB_D3_P,
USB_D4_N, USB_D4 P,
USBP1P, USBP1N,
USBPOP, USBPON

Pull down through a 15 KQ resistor to GND

D-/D+ data lines

Use 15 Q series resistors.

VCC UsSB

Power off 5V standby if wake on USB is to be implemented IF there is adequate
standy power. It should be powered off of 5 volt core instead of 5 volt standby if
adequate standby power is not available.

Voltage Drop
Considerations

The resistive component of the fuses, ferrite beads and traces must be considered
when choosing components and Power/GND trace width. This must be done such
that the resistance between the Vcc5 power supply and the host USB port is
minimized. Minimizing this resistance will minimize voltage drop seen along that
path during operating conditions.

Fuse

A minimum of 1A fuse should be used. A larger fuse may be necessary to minimize
the voltage drop.

Voltage Droop
Considerations

Sufficient bypass capacitance should be located near the host USB receptacles to
minimize the voltage droop that occurs upon the hot attach of new device. See
most recent version of the USB specification for more information.
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Checklist Items

Recommendations

PDCS3#, SDCS3#,
PDA[2:0], SDA[2:0],
PDD[15:0], SDD[15:0],
PDDACK#, SDDACK#,
PRIOR#, SDIOR#,
PDIOW#, SDIOW#

CONNECT FROM ICH TO IDE CONNECTORS. No external series termination
resistors required on those signals with integrated series resistors.

PDD7, SDD7

Pull down through a 10 KQ resistor to GND.

PDREQ, SDREQ

Pull down through a 5.6 KQ resistor to GND.

PIORDY, SIORDY

Pull up through a 1 KQ resistor to Vcch

PDCS1#, SDCS1#

Connect from ICH to IDE Connectors

PRI_PD1, PRI_SD1

Pull down through a 470 Q resistor to GND.

IDE_ACTIVE

From IDEACTP# and IDEACTS# connect to HD LED circuitry (see CRB Schematic
page 35)

CBLID#/PDIAG#

Refer to the latest design guide for the correct circuit. NOTE: All ATAG6 drives will
have the capability to detect cables.

IDE Reset This signal requires a 22 Q—47 Q series termination resistor and should be connected
to buffered PCIRST#.

IRQ14, IRQ15 Need 8.2 KQ resistor to 10 KQ pull up resistor to 5V.

CSEL Pull down to GND through 4.7 KQ resistor(approximate).

IDEACTP#, IDEACTSH#

For HD LED implementation use a 10 KQ (approximate) pull up resistor to 5V.

AC ‘97 Checklist

Checklist Items

Recommendations

AC_SDOUT Pulled up to VCC3_3 through a 10 KQ resistor and a jumper to AC97 Connector and
AC97 codec from ICH.
AC_SDINO Pull down through a 10 KQ resistor to GND. The SDATAIN[0:1] pins should not be
AC SDINA left in a floating state if the pins are not connected and the AC-link is active — they
— should be pulled to ground through a weak (approximately 10k ohm) pull down
resistor (see section 4.10.3 for more information).
AC97_OC# Connects to OC# circuitry. (see CRB schematics page 20.
AC_XTAL_OUT, Signal comes from Oscillator Y4
AC_XTAL_IN
- - Decouple through a 22 pf cap to GND
PRI_DWN# Connected through jumper to PRI_DWN_U or GND. (see CRB schematic page 27) If
the motherboard implements an active primary codec on the motherboard and
provides and AMR connector, it must tie PRI_DN# to GND.
PRI_DWN_U Pull up through a 4.7 KQ resistor to VCC3SBY
LINE_IN_R From FB9 decouple through a 100 pf NPO cap to AGND. Run signal through 1uf

TANT cap
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Checklist Items

Recommendations

ADI[31:0] AD16,17 pass through 100 resistor.

ACK 64# (5V PCI ENVIRONMENT) 2.7 KQ (APPROXIMATE) PULL-UP RESISTORS TO
VCC5.

REQ 64#
(3V PCI environment) 8.2 KQ (approximate) pull-up resistors to VCC3_3.
Each REQ 64# and ACK 64# requires it's own pull up.

PTCK Pull down through 5.6 KQ to GND

Connect to PCI Connectors only.

PTDI, PTRST#, PTMS

Pull up through 5.6 KQ resistor to Vcch

Connect to PCI Connectors only.

PRSNT#21, PRSNT#22,
PRSNT#31, PRSNT#32

Decoupled with 0.1 uf cap to GND

PIRQ#C, PIRQ#D,
U2_ACK64#,
U2_REQ64#,
U3_ACK64#,
U3_REQ64#, PREQ#1,
PLOCK#1, STOP#,
TRDY#, SERR#, PREQ#3,
PIRQ#A, PERR#,
PREQ#0, PREQ#2
DEVSEL#, FRAME¥,

Pull up through 2.7 KQ resistor to Vcc5

IRDY#

PCIRST# Pull signal down through 0.1 uf cap when input for USB. Input to buffer for
PCIRST_BUF#.

PCPCI_REQ#A, Pull up through 8.2 KQ resistor to Vcc3_3

REQ#B/GPI01,
GNT#B/GPIO17, PGNT#0,
PGNT#1, PGNT#2,

PGNT#3
PCLK_3 Signal coming from CK 815 device pass through a 33 Q resistor to PCI connector.
PCIRST_BUF# Signal comes from buffered PCIRST#

Pull up through 8.2 KQ resistor to Vcc3_3

Passes through 33 Q resistor

SDONEP2, SDONEP3,
SBOP2, SBOP3

Pull up through 5.6 KQ resistor to Vcc5

R_RSTP# R_RSTS#

Signal is from PCIRST_BUF# and passes through a 33 Q resistor

IDSEL lines to PCI
connectors

100 Q series resistor.

3V_AUX

Optional to 3VSB, but required if PCI devices supporting wake up events.
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Checklist Items

Recommendations

RCIN# Pull up through 8.2 KQ resistor to Vcc3_3

LPC_PME# Pull up through 8.2 KQ resistor to Vcc3_3. Do not connect LPC PME# to PCI PME#.
If the design requires the Super I/O to support wake from any suspend state, connect
Super I/O LPC_PME# to a resume well GPI on the ICHO/ICH.

LPC_SMI# Pull up through 8.2 KQ resistor to Vcc3_3. This signal can be connected to any

ICHO/ICH GPI. The GPI_ROUTE register provides the ability to generate an SMI#
from a GPI assertion.

TACH1, TACH2

Pull up through 4.7 KQ resistor to Vcc3_3

Jumper for decoupling option(decouple with 0.1 uF cap).

J1BUTTON1, Pull up through 1 KQ resistor to Vcc5. Decouple through 47 pf cap to GND
JPBUTTONZ,

J2BUTTON1,

J2BUTTON2

LDRQ#1 Pull up through 4.7 KQ resistor to Vcc3SBY

A20GATE Pull up through 8.2 KQ resistor to Vcc3_3

MCLK, MDAT Pull up through 4.7 KQ resistor to PS2V5.

L_MCLK, L_MDAT

Decoupled using 470 pF to ground

RI#1_C, CTS0_C,
RXD#1_C, RXDO_C,
RI0_C, DCD#1_C,
DSR#1_C, DSR0_C,
DTR#1_C, DTRO_C,
DCDO_C, RTS#1_C,
RTSO_C, CTS#1_C,
TXD#1_C, TXDO_C

Decoupled using 100 pF to GND

L_SMBD

Pass through 150 Q resistor to 82559

SERIRQ

Pull up through 8.2 KQ to Vcc3_3

SLCT#, PE, BUSY, ACK#,
ERROR#

Pull up through 2.2 KQ resistor to Vcc5_DB25_DR
Decouple through 180 pf to GND

LDRQ#0

Connect to ICH from SIO. This signal is actively driven by the Super I/0 and does
not require a pull up resistor.

STROBE#, ALF#,
SLCTIN#, PAR_INIT#

Signal passes through a 33 Q resistor and is pulled up through 2.2 KQ resistor to
Vcc5_DB25 CR. Decoupled using a180 pF cap to GND.

PWM1, PWM2

Pull up to 4.7 KQ to Vcc3_3 and connected to jumper for decouple with 0.1 uF cap to
GND.

INDEX#, TRK#0,
RDATA#, DSKCHGH#,
WRTPRT#

Pull up through 1 KQ resistor to Vccb

PDRO, PDR1, PDR2,
PDR3, PDR4, PDRS,
PDR6, PDR7

Passes through 33 Q resistor

Pull up through 2.2 KQ to Vcc5_DB5_CRDecouple through 180 pf cap to GND

SYSOPT

Pull down with 4.7 KQ resistor to GND or 10 address of 0x02E
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12.14. System Checklist

Checklist Items Recommendations
KEYLOCK# Pull up through 10 KQ resistor to Vcc3_3
PBTN_IN Connects to PBSwitch and PBin.
PWRLED Pull up through a 220 Q resistor to Vcch
R_IRTX Signal IRTX after it is pulled down through4.7 KQ resistor to GND and passes
through 82 Q resistor
IRRX Pull up to 100 KQ resistor to Vce3_3
When signal is input for SI/O Decouple through 470 pf cap to GND
IRTX Pull down through 4.7 KQ to GND
Signal passes through 82 Q resistor
When signal is input to SI/O Decouple through 470 pf cap to GND
FP_PD Decouple through a 470 pf cap. To GND
Pull up 470 Q to Vcch
PWM1, PWM2 Pull up through a 4.7 KQ resistor to Vcc3_3

12.15. FWH Checklist

Checklist Items

Recommendations

No floating inputs

Unused FGPI pins need to be tied to a valid logic level.

WPROT, TBLK_LCK

PULL UP THROUGH A 4.7 KQ TO VCC3_3

R_VPP

Pulled up to Vce3_3, decoupled with two 0.1 uF caps to GND.

FGPIO_PD, FGPI1_PD,
FGPI2_PD, FPGI3_PD,
FPGI4_PD, IC_PD

Pull down through a 8.2 KQ resistor to GND

FWH_ID1, FWH_ID2,

Pull down to GND

FWH_ID3

INIT# FWH INIT# must be connected to processor INIT#.

RST# FWH RST# must be connected to PCIRST#.

ID[3:0] For a system with only one FWH device, tie ID[3:0] to ground.
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Clock Synthesizer Checklist

Checklist Items

Recommendations

REFCLK

Connects to R-RefCLK, USB_CLK, SIO_CLK14, and ICHCLK14.

GMCH_3V66/3V66_1

Passes through 33 Q resistor

ICH_3V66/3V66_0,
DOTCLK

Passes through 33 Q resistor

When signal is input for ICH it is pulled down through a 18 pf cap to GND

DCLK/DCLK_WR

Passes through 33 Q resistor

When signal is input for GMCH it is pulled down through a 22 pf cap to GND

CPUHCLK/CPU_O0_1

Passes through 33 Q resistor

When signal is input for 370PGA, Decouple through a 18 pf cap to GND

R_REFCLK

REFCLK passed through 10 KQ resistor

When signal is input for 370PGA, pull up through 1 KQ resistor to Vcc3_3 and pass
through 10 KQ resistor

USB_CLK, ICH_CLK14

REFCLK passed through 10 Q resistor

XTAL_IN, XTAL_OUT

Passes through 14.318 MHz Osc
Pulled down through 18 pf cap to GND

SEL1_PU Pulled up via MEMV3 circuitry through 8.2 KQ resistor.

FREQSEL Connected to clock frequency selection circuitry through 10 KQ resistor. (see CRB
schematic, page 4)

L_VvVCC2_5 Connects to VDD2_5[0..1] through ferrite bead to Vcc2_5.

GMCHHCLK/CPU_1,
ITPCLK/CPU_2,
PCI_0/PCLK_OICH,
PCI_1/PCLK_1,
PCI_2/PCLK_2,
PCI_3/PCLK_3,
PCI_4/PCLK_4,
PCI_5/PCLK_5,
PCI_6/PCLK_86,
APICCLK_CPU/APIC_0,
APICCLK)ICH/APIC_1,
USBCLK/USB_0,
GMCH_3V66/3V66_1,
AGPCLK_CONN

Passes through 33 Q resistor

MEMCLKO/DRAM_O,
MEMCLK1/DRAM_1,
MEMCLK2/DRAM_2,
MEMCLK3/DRAM_3,
MEMCLK4/DRAM_4,
MEMCLK5/DRAM_S,
MEMCLK6/DRAM_G,
MEMCLK7/DRAM_7,
SCLK

Pass through 22 Q resistor
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12.18.

Design Guide

LAN Checklist

Intel® 815 Chipset Platform

Checklist Items

Recommendations

TDP, TDN, RDP, RDN

Pull down through 50 Q resistor to GND

LANAPWR

Passes through 3 KQ resistor

LANCLKRUN

Pull down through 62 KQ resistor

LAN_ISOLATE#

Connect to SUS_STAT# and PWROK

LAN_TEST

Pull down through a 4.7 KQ resistor to GND

LAN_XTAL1, LAN_XTAL2

Signal from 25 MHz oscillator
Decouple through a 22 pf cap to GND

FLD5_PD, FLD6_PD,
RBIAS10, RBIAS100

Pull down through a 619 Q resistor to GND

ACTLED/LI_CR

Passes through 330 Q resistor

LILED Connect to jumper, pull up through 330 Q resistor to VCC3SBY

ACT_CR Pull up through 330 Q resistor to Vcc3SBY

RD_PD Pull down RDP through 50 Q resistor and to RDN through 50 Q resistor to GND

TD_PD Pull down TDP through 50 Q resistor and to TDN through 50 Q resistor to GND

SPEEDLED Connect LED anode to VCC3SBY through 330 Q resistor and cathode to 82559.
Jumper to VCC3SBY through 330 resistor.

CHASSIS_GND Use plane for this signal.

JP7_PU, JP18_PU, Pull up through 330 Q resistor to Vcc3SBY

JP23_PU

R_LANIDS Pass through 100 Q resistor to AD20 from 82559 pin IDSEL.

ITP Probe Checklist

Checklist Items

Recommendations

When ITP is not used...

Test port pins should not be left floating when not implemented. Use a 10 KQ pull up
to VCMOS. Leaving these pins floating may cause unexpected results.

R_TCK, TCKR_TMS,
TMS

Connect to 370-Pin Socket through 47 Q resistor, pull up to VCMOS.

ITPRDY#, R_ITPRDY#

Connect to 370-Pin Socket through 243 Q resistor.

TDI Pull up through 330 Q resistor to VCMOS
TDO Pull up through 150 Q resistor to VCMOS
PLLA1 See Design Guide.
PLL2 See Design Guide.
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12.20.
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System Memory Checklist

Checklist Items

Recommendations

SM_CSA#[0:3, Connect from GMCH to DIMMO, DIMM1
SM_CSB#[3:0,

SMAA[11:8,3:0],

SM_MDI[0:63],

SM_CKEJ[0:3],

S_DQM[0:7]

SM_MAA[7:4], Connect from GMCH to DIMMO, DIMM1 through 10 ohm resistors
SM_MABI[7:4]#

SM_CAS# Connected to R_REFCLK through 10 KQ resistor.
SM_RAS# Jumpered to GND through 10 KQ resistor
SM_WE# Connected to R_BSELO# through 10 KQ resistor.

CKEI[5..0] (For 3 DIMM
implementation)

When implementing a 3 DIMM configuration, all six CKE signals on the GMCH are
used. (0,1 for DIMMO; 2, 3 for DIMM1; 4,5 for DIMM2)

REGE

Connect to GND(since 815 C/S does not support registered DIMMS).

WP(Pin 81 on the DIMMS)

Add a 4.7 KQ ohm pull up resistor to 3.3V. This is a recommendation to write-protect
the DIMM’s EEPROM.

SRCOMP

Needs a 40 KQ resistor pulled up to 3.3V

Power Delivery Checklist

Checklist Items

Recommendations

All voltage regulator components meet maximum
current requirements

Consider all loads on a regulator, including other
regulators.

All regulator components meet thermal requirements

Ensure the voltage regulator components and dissipate
the required amount of heat.

VCC1_8

VCC1_8 power sources must supply 1.85 V

If devices are powered directly from a dual rail (i.e.
not behind a power regulator), then the RDSon of the
FETs used to create the dual rail must be analyzed to
ensure there is not too much voltage drop across the
FET.

“Dual” voltage rails may not be at the expected voltage.

Dropout Voltage

The minimum dropout for all voltage regulators must be
considered. Take into account that the voltage on a dual
rail may not be the expected voltage.

Voltage tolerance requirements are met

See individual component specifications for each voltage
tolerance.

Total power consumption in S3 must be less than the
rated standby supply current

Adequate power must be supplied by power supply.
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Intel® 815 Chipset Platform

Third-Party Vendor Information

Design Guide

This design guide has been compiled to give an overview of important design considerations while
providing sources for additional information. This chapter includes information regarding various third-
party vendors who provide products to support the Intel® 815 chipset. The list of vendors can be used as a
starting point for the designer. Intel does not endorse any one vendor, nor guarantee the availability or
functionality of outside components. Contact the manufacturer for specific information regarding
performance, availability, pricing and compatibility.

Super /0 (Vendors Contact Phone)

e SMSC Dave Jenoff (909) 244-4937

e National Semiconductor Robert Reneau (408) 721-2981

o ITE Don Gardenhire (512)388-7880

e Winbond James Chen (02) 27190505 - Taipei office

Clock Generation (Vendors Contact Phone)

e Cypress Semiconductor John Wunner 206-821-9202 x325
e ICS Raju Shah 408-925-9493

o IMI Elie Ayache 408-263-6300, x235
e PERICOM Ken Buntaran 408-435-1000

Memory Vendors

http://developer.intel.com/design/motherbd/se/se_mem.htm

Voltage Regulator Vendors (Vendors Contact Phone)

e Linear Tech Corp. Stuart Washino 408-432-6326

e Celestica Dariusz Basarab 416-448-5841

e Corsair Microsystems John Beekley 888-222-4346

e Delta Electronics Colin Weng 886-2-6988, x233(Taiwan)

N. America: Delta Products Corp.  Maurice Lee 510-770-0660, x111

Flat Panel (Vendors Contact Phone)
e Silicon Images Inc Vic Dacosta 408-873-3111

GPA (a.k.a. AIMM) Card (Vendors Contact Phone)

¢ Kingston TBD
e Smart Modular TBD
e Micron Semiconductor TBD
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Appendix A: Customer Reference Board
(CRB)

This appendix provides a set of schematics for the Intel® 815 chipset’s Customer Reference Board
(CRB).
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17 < PCLK 3 R75 33 pas 16 ol 3 bl oorav o |37 [ omus 22 ""Rs0, ,, MEMCLKE
VCC3SBY 18 <« PCLK 4 33 R76 Poi 4 18 | Lo, CK-815 soram 7 |36 | orau 7R51,,, 22 """ MEMCLK?
o} 30 PCLK 5 R77. 33 PCl 5 19 Pol 5 2'DIMM - 22
15¢ PCLK 6 33 R78 pcis 20| oo, ek 134 | beik R52, 1, DCLK_WR s veez s
33 - 22
o s 10. AGPCLK_CONN R70 9 pop PWRDWNS D32 CK_PWRDN# _, 35
ﬁ 20. USB_CLK R66 33 soux |31 CK_SMBCLK , . ,¢ .
14 < USBCLK 10 R79, J__ 25| oo SDATA gg CK_SMBDATA 26 iy 12
b 9« DOTCLK RO 10 26] g5, ] USE o8 FREQSEL  , m
L CKVDDA Py Py -
L 220 Lvecz s
c152 C153 - voD2_5[0] g; i
VDD2_5[1] *—o¢ L2
0|1UF l001UF 23 | yss A o) B
! @ o 56 102 101 - C100
Py VSS2_5[1] 8 I 100
ﬁ ﬁ VsSs2_5[0] [001UF  [o.1uF .
= ]
| O[T W0 |
|| N0 < <
Notes: 4
- CK-815 ballout is Rev 0.9
- Place all decoupling caps as close to VCC/Gs as possible =
- PCI_O/ICH pin has to go to the ICH.
(This clock cannot be turned off through SMBus)
- CPU_ITP pin has to go to the ITP. It is the only
CPU CLK that can be shut off through the SMBUS interface.
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
CLOCK SYNTHESIZER 1.0
. PCG PLATFORM DESIGN DRAWN BY: PROJECT:
”f@moo PRAIRIE CITY RD INTEL (R) PCG MR oS
FOLSOM, CA 95630 LAST REVISED: 5-15-00 6 o4l
8 7 9 5 ZAN 4 3 ] 2 ] 1
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GMCH, Part 1, Host Interface, Power and GND
VTT1 5
[oa
]9
R135 and R134 are for HDO# [PRAL HD#0 HD#[63:0 35
) X
debug purposes only R55 HD1# B2 HD#1
R1355 /2 86 Ho2s CAF2 HD#2
1%
Ne Fop | Place C123, C124 close to GMCH “AD4 HD#3
U5 Grirera HD3# g1 HD#4
GTLREFR136, > AALD | 1o REFB HDa# 1 83 HD#5
pAB3  HD#S
HD5#
6 GMCHHCLK AA7 INTEL(R) 82815 GMCH HDG# AAS :gig
C124 CPURST# A:: RESET# PART1 :3;: FACL HD#8
— 4 CPURST# F3 HD#9
HLOCK# L4 HOST INTERFACE, HDo#
.1UF 4,5 DEFER# va HLOCK# HD10# [ARL HD#10
45 DEFER# CAE3 HD#11
i HADS# 61 apes POWER AND GND HD11# (F = HDH12
i 45 gggﬁr g BNR# :gﬁ: [AD3 HD#13
45 DBSY# 3 BRI HD1a# CAFL HD#14
= 45 DROVH 385 ppsyx HD1es CAAL HD#15
45 T I prove Ho1os DADS HD#16
PCIRST# 45 HITM# L Hp17# PACS  HD#L7 ]
10,13,15,16,17,18,19,20,25,30 4.5 HTRDY# ) Himwe HD18# PAEL HD#18
45 HTRDY# Hb1os LABS HD#19
a5 HA#[31:3] HA%3 s Ho20s FAF4 HD#20
) HA3# E5 HD#21
HA#4 P1 HD21#
HA4# © Cc8 HD#22
HA#5 T2 93 HD22#
HA#6 R Hoy 353 Hb23# EBS Egﬁi
HA#7 N5, <= é HD24# PAFS
HAT# DRy c6 HD#25
HA#8 PS5, <5 @ HD25#
HAS9 il HAs# <z *32 HD26# AFS HD#26
HA9# NN« D11 HD#27
HA#10 U1 49z HD27# PARIL  TDREl
HAL0# £gd pAl HD#28 |
HA#11 P2, Irsd HD28# CAFS
HA11# na N2 [~AD8 HD#29
HA#12 1 pinros a2 Gl vy HD#30
HA#13 T3 o ~ LS8 HD30#
HA13# 2 T dSagZzH FAB7 HD#31
HA#14 P3 aras a 5 LsESD HD31% D e7 HD#32
HA#15 < T ] HD32#
VCC1_8 e T59 HA1s# N ~ Porzg D33 AT HD#33
BTVIE 2% nater S b e ©x899 HDaar HABS HD#34
C NEZ S
HA#18 Y2 e S o < R 3 Hpasy AL 2o :Bigg
o ) IS =) I~
HA#19 V3 iatos ) § 526328 M e HD#37
L23 VCC1_8A HA#20 Wi oo g8 @ < Uggdy  Hosm HD#38
68NH-0.3A S = HAj#21 Uasl Haz1# 2 Q@ o wPkEx  Hom AAFQ HD#39
X ~ I SrUog D10
) HA#22 V2 <= 5 OoWed2s HD39#
10 c3 a0 HA#23 wa| HA22# gg L LR SES R lpaos pAFLZ  HD#40
C41 3 HA#24 HA23# guw = N4 N4 HDa1# [ABLL HD#41
oo 0.1UF  10.01UF WA Ha2as L [y O ES e FAB10 HD#42
HA#25 Us, ~ > S o 288362 HD42#
HA25# 95 o« WS g2 [-AD9 HD#43
HA/#26 5] paver 28 LS 8csZEge M D g
HA#27 Y3 w O N o QoWaad™ HD44#
HA27# W& Lo S22 o FAF10 HD#45
HA#28 U3 Ha2s# 3 > g 2 ol a E Y HD45% 1 D14 HD#46
i zﬁzgg \;:15 HA20# o 2 o § Q j§ E b E% :gjg: FAD12 HD#47
© N T 5 O
HA#31 i £ o g ZLGSESI noes B2 ADH8 :Biﬁg
d= 3T OIESRNENENR HDagy CAELL  HD#A9
HREQ#[4:0] J=2 B oo SiasSxegld FAE1S HD#50
HREQ#0 M1 é e < 9 DLHASS = HD50#
HREQ#L HREQU# (X 3 2 OZO0KSTY npsis pAFLL  HD#5L
Q L TR QN o9 <Zw>0d0 “AF13 HD#52
HREQ#2 M2 HREQ2# <9 45 jugseasg HDS24 10, b 1a HD#53
HREQ#3 L5 R o o IZSFaEy HDS3# O HD#54
HREQ#4 N3] hocoay o g8 . 8Y33365s Hosar (P
; e @ 0 5 d N <go823F HDssy PABLS  TDPSs 4
RS#[2:0] RS#0 K2, g @ Y B NuO¥Oge HDse# (AB15  HD#56 |
RS#1 L] R ol 3 8 F 8 2385098 e [AEls  HD#S?
RS1# > 5 s S Y s Ney FAC14 HD#58
RS#2 | HIY peoy €8 25 5 S Lkgyagd HDS# HD#59
20 29 8 ¥ NS5 6 HDsgy PARIS  TDWO9
W O M ¥ L OWNNC o [FAD15 HD#60
O J e o < <<@micadl HD60# (4 2> HDH61
aflagayayayafapayal
88 8388 22222222 HDS1# i F1s HD#62
>> > 3> > 0 0000000 HD62# 1o HD#63
Do Not Stuff G122 C122 HD63#
Place Site w/fn 0.5" -
of clock ball (V6). 18PF INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
) . . GMCH: HOST INTERFACE 1.0
Note: VCC1_8 is a nominal 1.85V . oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
€L m@moo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELS) S
FOLSOM, CA 95630 LAST REVISED: 51500 7 or4l
8 7 5 5 7N ) 3 2 |
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GMCH, Part 2; Memory Interface
ue
SM_MD[63:0
SM_MAA[12:0] SM MAAO 13 Swbo 1023 SM_MDO olesl 11,12
11,12 M MAAL o1a ] SMARD ompy |23 SM_MD1
SM_MAA2 F12 23::; SMD2 22212 gm mgg GMCH RESET STRAPS
SM_MAA3 Al6 SMD3
SM_MAA4 e B12 | SMAA3 swips |-E2L SM_MD4 4 SR BSELO¥
SM_MAA5_® 4 SMAA4 VDS 1820 SM_MD5
Al2 | svaas SM_MD6 VCOREDET
SM_MAA6 _° s c11 | cuane swos |-252 SM_MD7 * R REFOLK |
Place HUBREF Generation SM_MAA7 AL cunns smp7 220 M MDS 4,6, RREFCLK
Circuit in middle of SM_MAAg & LT D12 | gune swos 28 SM_MD9
GMCH and ICH. SM_MAA9 c13 smpg -E10
SM_MAA10 E11 | SMAN9 b1 | D19 SM_MD10
VCC1_8 SM_MAALL A13 | SMAALO Swmbi1 LE18 SM_MD11
h SM_MAA12 p7 | SMAALL swp12 | B18 SM_MD12
. SMAA12 F18 SM_MD13
SM_MAB[7:4]# SMD13 o o o
12 SM_MABA4# BI54 qvABa# smp14 |-G18 SM_MD14 RP37
SM_MABS# 5 4 A15] o raBss SMb1s D17 SM_MD15
SM_MAB6# _° 14| ounnes avbas A3 SM_MD16
SM_MAB7# 2 Al4 AL SM_MD17 N
R166 8 SMAB7# SMD17 | o <
301 == omb1s |-C1 SM_MD18
1% X0 ] SMACH omb1e LF2 SM_MD19
HUBREF X cip | SMACE? amn2o |63 SM_MD20
9,13,40 W SMAC6# SMD21 D6 SM_MD21 SM WE#
x—A9 | smac7s oMbos |€5 SM_MD22 = s 81112
R167 11,12 SM_BS[1:0] SM_BS0O B13 | gmgo smp23 | B4 SM_MD23 Host Freg; high = 100, low = 66
201 ' SM_BS1 D11 | ooy SMmp24 |-D4 SM_MD24 SM_MAA9
1% SM_CSA#[3.0] SM CSA®0 s INTEL(R) 82815 GMCH S0 [ce SM_MD25 81112
C244 11,12 SM_CSA#L L7 SCSA0# smp26 |-D3 SM_MD26 FSB P-MOS kicker; high = NON-Cu, low = Cu
M Cani2 o iq) scsaLe PART 2 VD27 LE4 SM_MD27
scsaz# F5 SM_MD28
0.1UF SM CSA#3  El4g gconsy SYSTEM MEMORY e Tea SM_MD29
x—E18 scsaar avbao |36 SM_MD30 SM_CASH o g141p
1 BL70 acancs K5 SM_MD31L e
112 SM_CSB#{3:0] SM CSB#0 o, SMD31 A28 SM_MD32 Host Freq; high = 133, low = 100/66
' SM_CSB#L F| SOSB07 SMD32 17 o SM_MD33
SCSB1# SMD33
SM_CSB#2 D104 gcspos svp3s |-B24 SM_MD34
SM_CSB#3 D9 ccopar omDas | A24 SM_MD35
SM_MD36
X—BQC SCSB4# SMD36 B2s SM_MD37
x—A87 scsps# swpa7 A28 JFg SM_BS0
SM RAS# 16 ombas 1-€22 SM_MD38 m 481112
8,11, 12¢—2n-2 ot SRAS# avbse |A22 SM_MD39 Reserved Strap
8,11,12 D183 scasi D21 SM_MD40 JPS SM BS1
S SM WE# E16 SMD40 m 811,12
8,11,1. SV CKEr: SWE# B21 SM_MD41
[3_0] SMD41 SM /LM musxing strap, active low
1112 - SM_CKEO D8 | sckeo SMpan |A21 SM_MD42 P9 SM_MAA11
' SM_CKE1 E8 | coner oD |20 SM_MD43 —_— B ST s1112
SM_CKE2 E9 | conez oMDaa | B20 SM_MD44 10Q depth; igh = 4; low = 1
SM_CKE3 D7 | ockes ovbas | A20 SM_MD45 P10 SM_MAA12
c8 c19 SM_MD46 — O STE san12
W SCKE4 SMD46 AL0 SM_MD47 Reserved Strap
x—=11 sckes SMD47 JP11 SM_MAA10
smpas |24 SM_MD48 C———a 8,11,12
DCLK_WR a F7 | soik SMDag |-A2 SM_MD49 ALLZ; high = Normal, low = ALLZ
%610 | RESVD smpso |-BL SM_MD50
avban |EL SM_MD51 JR12 | SM RAS¥ g1112
G2 SM_MD52 A1,
SMD52 [ SM_MD53 XOR chain; high = Normal, low = XOR
C140 SM_DQM[7:0] SMDS3 o SM_MD54
VCC3SBY 22PF 11,12 - SM_DQMO D16 | spomo SMD54 SM_MD55 o o d o o o
SM_DQM1 F15 smpss -S4 RP35 RP3%
SDboMm1 SM_MD56
SM_DQM2 A7 ] oM smpse B3
SM_DQM3 A6 Swps7 |-D2 SM_MD57
1 SDQM3 E3 SM_MD58
= SM_DQM4 A18 | o1 Ova SMD58 0K
SM_DQM5 c1r | 329 oMDso |F4 SM_MD59 Ao 4ok ]
RGO SM_DQM6 B | SDOMS F6 SM_MD60
40 SDQM6 SMD60 SM_MD61 >-o
19 SM_DQM7 AS smp61 52
b SDQM7 svpe2 |-H4 SM_MD62
GT . srcomp SMDe3 |34 SM_MD63 1 1
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
GMCH: SYSTEM MEMORY 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@moo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELS) S2815
8 - 5 5 T " 3 ‘ FOLSOM, CA 95630 LAST‘RE\/\SED 5-15-00 8 or4l
2
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GMCH, Part 3; AGP/Display Cache, and Video Interface
ue
GADI[31:0] JR— -
10 £ gﬁgg K26 | Gapobgmo  ———p LTVDATAO 2211;5 Egg AUPIEREY] 25
922 | G Ap1/LMD4 LTVDATAL D2
GAD2 K25 | Gap2imp7 LTVDATA2 | —AEL7 FTD3
GAD3 921 | GAp3/LMD3 LTVDATA3 [-ADL7 FTDa
GADA L24 | GapaiMD6 LTVDATA4 [AF18
GADS 920 | G Aps/LMD2 LTVDATAs [-AD18 FTDS P
GAD6 L26 VIDEO DIGITAL OUT AF20 FTD6
GAD6/LMDS LTVDATAG
GAD7 K23 INTERFACE AD20 FTD7
vooQ GAD7/LMD1 LTVDATA?
GAD8 K22 AC20 FTD8
GADS/LMDO LTVDATAS
GAD9 M25 1 G aDo/LMAS LTVDATA9 [-AF2L FTD9
GAD10 M24 AE21 FTD10
GAD10/LDQM1 LTVDATA10
GAD11 M26 AD21 FTD11
GAD11/LMA2 LTVDATA1L
GAD12 M21 | )12/ MDS BLANK# DAB19 FTBLNK# 25
S00PF GAD13 N24 | 5ap13/MAS TVCLKIN/SL_STALL [-AC18 SL_STALL 25
R170 R171 GAD14 N22 | G ap14/LMDY cLkouTo |-AELS FTCLKO 25
i 82 GAD15 N26 | CanisimaL INTEL(R) 82815 GMCH CLKoUTL | AF19 FTCLKL P ||
1% GAD16 T26 | -AD16/LMAS PART3 Twsyne |-AC16 FTVSYNC 25
EF
10 wCMCHAGPR gﬁgg 122 | 5 ap171MD14 TvHsYNC [-ABL7 FTHSYNC 25
R168 Do Y24 | GAD18/ILMALL DISPLAY CACHE, LTvDA L_AAZ0 3VFTSDA 25,26
82 CAD0 128 | G Ap19/MD1S v | AB21 3VFTSCL P
1% CADAL Y26 | Gap20/LMA9 VIDEQO, '
CAD2 T24 1 5 ap21/1MD16 AND
GAD23 g1 | GAD22ILAD bbGCK | AB1S 3vDDCCL %
GAD23/LMD17 HUB INTERFACE AA18 3VDDCDA
GAD24 V25 | GAD24/LCKE DDCDA 26 c
1 GAD25 V21 | GAp2s/MD18 DCLKREF [-AE24 DOTCLK 6
- gﬁgég V26 | GAD26/LCASH IWASTE Zéozs \REFPD
CADSS W21 | GAD27/LMD19 IREF
CAD2Y W24 | GAD28ILTCLKL vevne |AF22 CRT_VSYNC %
W22 | GAD29LMD20 GRAPHICS INTERFACE AF23 CRT_HSYNC
GAD30 w26 HSYNC 26
CADIL GAD30/LTCLKO RED |_AD22 VID_RED %
Y21 | GAD31/LMD21 cReEN LAE22 VID_GREEN %
GCBE#[3:0]
10 S ggggzg H28 Geseo#LMAS BLUE [-AE28 VID_BLUE 26
N214 Gcpe1#LMD10 F22 GMCH_3V66 <1
GCBE#2 T25 — HLCLK 6
GCBE2#/LMD13 24 HLO
GCBE#3 Y2 HLO 13,40
26 GCBE3#ILRASH# HL1 |H26 HL1 HL[10:0]
10 GFRAME# R26+ GERAMEH#/LMALO HL2 |-H25 HL2 )
» GDEVSEL# P26 et A ot s |22 HL3 vcel 8
GIRDY# P23 F24 HL4
10 GIRDY#/LMD12 HLA )
10 GTRDY# P21+ GrRDY#LMAT HLs -E26 HLS Place Resistor as Close
10 GSTOP# P25 CotopsiLcst HLG |E25 HL6 as possible to GMCH
GPAR R24 HUB I/F D26 HL7
10 GPAR/LMAG HL? R120
GREQ# AE26, D25 HL8 B
10 GREQ#/LMD27 HL8 40
10 GGNT# AD25H onTH HLo |- D24 HL9 o5
10 PIPE# AC26 | pipEy MD24 HL10 -C26 HL10 UBRER
H21
ADSTBO M22 HUBREF 8,13,40
10 ADSTBO G25 HLSTB
10 ADSTBO# L2834 ApsTeo# HLST HLSTB# 1340
10 ADSTB1 uza | oo HLsTB# DE26 13,40
b ADSTBL# V23| poetor Hoowp |-t20 SBA[7:0
10 SBSTB Y23 | sgsTB sBAOLMD31 [AB22 SBAO Y 10
10 SBSTB# A2 spsTRY SBAL/LMD25 [-AB25 ggﬁ;
ST[2:0 sTO AD24 sBA2/LDQM2 [ABZ3 ]
10 STO/LMD28 AB26 SBA3
ST1 AC24 AGP/DISPLAY CACHE SBA3/LMD26
STLLDQM3 AAZ2 SBA4
ST2 AC23 INTERFACE SBA4/LMD23
ST2/LMD29 SBASLWEs | AAZE SBAb
10 5\/%';1 AD264 pgF#/LMD30 SBABILMD22 Y22 ggﬁ?
10 AB24 \ygry SBA7/LGM_FREQ_SEL Y23
CONN,AGPREF J24
10 AGPREF
Place R116 within 0.5" of the GMCH Ball. 26 Rﬁi €239 - —-C19 | Do Not Sif C196
GRCOMP 1% 0.1UF 18PF Place Site w/in 0.5" A
R115 OCLK R22 | (01 ock of clock ball (AA21).
R116 ‘ 10 1% RCQK P22 | ooy ook — L
40 e
1% Place ascloseas | = = =
C190 —— Cc233 Pogsybletto .GM(I:H INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
0.1UF ZgoF’/F anoviastraightto | GMCH: DISPLAY CACHE, VIDEO, AND HUB INTERFACE 1.0
= ° - ) . ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
1 NPO m@moo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELS) B8
= = FOLSOM, CA 95630 LAST REVISED: 51500 9 or4l
g 7 5 5 7N 7 3 | 2 |
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VCC3_3
AGP Connector " vees
. SBAT:0]
0,10 51120
Ji4
AGP4XU_20
AGP_OC# - a
20
w| — TYPEDET# . 1033
AGPUSBP B s R I B AGPUSEN D
B4 Ad 20
BS K GND_ 25
13,17,18,37. PIRQ#B B8, s WA e PIRQ#A 13,17,18,30,37
6 y AGPCLK_CONN B7lk rsrap AL PCIRST# 7,13,15,16,17,18,19,20,25,30
vope g0 GREQ# B8 o a8 GGNT# 910
B9 33 F VCC3_3_Aq A9
§¥g B10| ol AL0 STlI
B11 A1l
010 LGIRDYS RP50 010« RBF# oial o PIPE# 0,10
X 1 8 s * !
010 ~GDEVSEL# , ; s S ono_st 213 — n
10 GPERR# N SBAO B esvn were A4 SBAL 9,10
| B15 A15
GSERR#
10 .74 > B16 336 VCC3 3 A8
RP49 8.2K SBA2 B17 a7 SBA3
9,10 GFRAME# 1 [ i~ 8 9.10 SBSTB BI8| . o . A8 SBSTB# 9,10
9,10 GTRDY# 7 ! BIO| oo ol A19
9.10 GSTOP# N SBA4 B20|_ 20 SBAS
910 m GPAR 4 s VCC3SBY SBA6 821 a1 SBA7
\ =
B22 A22
STz STO 4 mBEK B23 RESVN ZENS:C A2 o
10 ST, , Bl ol
ST2 4 N GAD[31:0] B25 ) co 5 m vecs 3 o A%
. . 9 GAD31 826 226 GAD30
GAD29 B27 r7 GAD28
VDDQ
RP48 8.2K B2 ccs 5. vecs s of A8
9,10 GREQ# 4 [ x1 8 GAD27 829 229 GAD26
9,10 g GGNT# | 7 GAD25 B30 20 GAD24
9,10 .M 6 B3 oo onp. g AL
9,10 WBF# 4 5 ADSTB1 832 Az ADSTB1#
— 9,10 ho_sre1 0 | 9,10
8.2K GAD23 B33, P GCBE#3 s 011
B34 A34 -
ADSTEO R163 GAD21 Bas| i GAD22 Place close to GMCH b ’
9,10 GAD19 B36 36 GAD20
R119 8.2K B37 A37 CON_AGPREF
910 g ADSTB1 W 3 R GAD17 P % GADI8
010 o RBF# : RIS4 | [3:0] GCBE#2 B3] e a3 GAD16
s VW —4 B40 A40
8.2K G vooo )
910 m SBSTB R160 9,10 GIRDY# B4l rovs Fraves ML GFRAME# 9,10 TYPEDET# 5
: B4z resv e M2 o g ™~ 19
8.2K = Q = 1033 £ 53 200-1%
B44 Ad4
0.10 ADSTRBO# R122 Hms RESV_ K RESV, Fﬂug 5
R117 82K GDEVSEL# [ - ST e GTRDY#
ADSTB1# - BloevseLs ROV
9,10 'Y 9,10 GSTOP# 9,10
8.2K B4 o0a 1 stoms ™47 9,10
0.10 SBSTB# R159 10, GPERR# wapl a8 PCI_PME# 13.17,18.30 p—
8.2K B4 no r onp_| A4
10 . GSERR# BSOU e AS0 GPAR 9.10
GCBE#1 s .. 51 GAD15 '
= GAD14 s s GADTS
BE3 tAD14 ADL AS3
GAD12 Bsa| oul 254 GAD11
BS5 IGND_S GND_K ASS
GAD10 BS6|, .o 0ol 256 GAD9
GADS8 B57 ceoq£57_GCBE#0
ADSTBO oo vor o7
910 859 crao A0 staos A9 ADSTBO0# 9.10
' GAD7 B60 a0 _GAD6 ' CONN_AGPREF
B6L A61 9
GAD5 w2 a2 GADa
GAD3 B63 a3 GAD2
B64 A64
fVDDQ_K VoD, INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
GMCH AGPREF GADL B o, 2e5_GADO AGP CONNECTOR 1.0
! B66 A66
9 [VREF_CO VREF. @ PCG PLATFORM DESIGN DRAWN BY: PROJECT:
L o m@woo PRAIRIE CITY RD INTEL (R) PCG 2
e — FOLSOM, CA 95630 LAST REVISED: 5-15-00 10 oF 41
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162
152
148
138
127
116
107
%
85
78
68
64
54
43
32
23

[63:0]

SM_MD)|

System Memory

1003
9203
§003
203
€003
2003
1003
0003

Vss18
Vss17
VSS16
VsS15
Vssia
Vss13
Vss12
Vssi1
VSS10
VSS9
Vssg
vss7
Vss6
Vsss
Vssa
Vss3

€9aIN NS €90a OTON
Z9aIN NS 2900 60N
T9aW NS 1900 8ON
09aIN NS 090a LON
65O WS oo o y
mex xm 150a ON o
9SaN NS 950a €ON a
S ssda N g
YSAW NS s0a TON n
EOS £s0a am
2GaN WS esoa
TSAWN NS 1500 2vs |
0SaN NS 0sda s
6v0a ovs
mwmx xm 8rda 393y
NVDS_ _\4w MMMM MI08NS
Mwmx xm svda VLVASNS
S gmu - o
VAN NS soﬁ_ Ll o T30 NS
ZvaN NS N.\ou < 0D WS
Tran WS MMDM__ C #SVY
Mmmx xm 600 N #SVD
8SAN NS 8eda O - #IM
iele] S D\ #ES
ZEAN NS N o T#ESO_INS
9EAN NS MMDM__ 00 e 0#950 NS
SEAN NS N (e} o T#YSO_INS
YEAN NS ve0a = 0#YSD NS
EEAN_WS mmMu M o Lawda
Z2EAN NS Nmou — e ZNOd_INS
TEAN NS son_ ) e ONOd NS
0EAN NS son_ e SWOd NS
62aN_WS o e YNDd WS i
82AN NS e e ENOd_INS alz =
2AN NS ZNOd_INS B2 B MR P
9zda Tanda E
9ZaN_INS TNOd_ NS by B Rl B
szda ogawda 0N << <@ <2
SZAN NS e om ONOd WS 3 & EREEE B
vZaN NS 200 o e siz1sis|s s 53
€2AN_INS N % 159 NS 2 2 Gz ki
22aN_INS mou S ova 0S9 NS
T¢AN NS reoa —
0ZaWN NS 0zda o £Tv [ NN NN NN
6100 — 432 o A A A M
6TAN_ NS i o ZIVYIN_INS @ S SSS @ o
8TAN NS e 1l o TIVVIN_INS <
ITAN NS e n o OTVVW_ WS 3
9TAN S g %) o 6VVIW_INS o
STAN NS N u - 8VVIW_INS =
YTAN NS :on_ OR VYN NS S
STAN NS :on_ a o~ 9VVIN_INS
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B ! 15 NZ 3 ! 3 T
I CH P t 1 VCC3 3 VCCl_8
, Par
~ o~
m ™
o o
M M
88 A g SIP o slsle el
A u21 D 8|8 5|2 F| 5 08¢ 88 a2z oI o=
T~
38 @ [ N T T R R,
o 93 o ol el ol ol ol el ol ol T T T T T T T ;00 00 @0, 0, 00 @
R 1 ol ol ol ) ol ol ol 0 S S
mmmmmmmmn I I 5353000
. QOOOVOVOVOOOBBBIIITT 5500000
17.18.30 ADI[31:0 ADO G2 | \pno L8998 899L300000800 >>55555 A2om# F13 A20M# 437
" AD1 Ga >>>>2>>>2> Pl CPUSLP# ’
o S AD2 AD1 CPUSLP# FERRH 4,37
3 <3 AD3 F2 | Ap2 FERR# (OF15 [GNNE# 4,37
24 o AD4 F3 | AD3 IGNNE# {B1Z INIT# 4,37
% 2 T ADS F4 | apa INIT# (F1S INTR 4,15,37
« ADG FS | Aps CPU INTR (E14 NV 4,37
arad AD7 El | D6 Nmi B8 SMI# 487
o D8 E2 | pp7 Smi (F14 STPCLKS 4,37
x ‘ ABS DL} Apg STPCLK# (ALZ RCING 4,37
[ ADIO D3 | Apg RCIN# {OA1S AZOGATE 16,37
R ADLL E4 | ab1o L A20GATE {B15 16,37
€2 ap11 HL[10:0]
AD12 c1 o p1z_ HLO 9,40
ADLS o | 1000 INTEL(R) 82801AA o [e L
ADL4 AD13 HL1 E17 H2 VCC1 8
ADIS D4 | Ap1a HL2 +E1Z i3 -
T PART 1
o ADL7 A4l Ap16 HL4 115 L5
g AD18 s; ADL7 HLs o HL6 R178
> AD18 HLe K17
Jadddd9 AD19 c6 | 1o PCI HUB I/F o Lz HL7 20 1%
cEs<Egag AD20 B5 | ab20 HLg | His  HL8
8¢ 2 E3832 07 AD21 E7 17 HL9 Place R178
>E20589222 AD21 HL9 as close as
2RI I AD22 A6 114 HL10 -
AD23 AD22 HL10 HLSTB possible to ICH
= ADM1023 B8 | Ap23 HLsTe | G17 9,40
> e AD24 D7 | pp2a HLSTB# (H17 HLSTB# 9,40
o bheoad AD25 B8 M1z HCOMP_PU ’
a2 BEES2C AD26 AD25 HCOMP UBREF
AD27 2; AD26 L Huerer {113 I~ 8,9,40
o <A d
a9 AD27
< ﬁgég B7 | Ap2g — PIRQ#A (P10 E:goié 10,17,18,30,37 C291
THERMDP roz C9 | Ap2g PIRQ#B AL PIRQ#C 10,17,18,37 = 0.1UF
< D8 | rp3o PIRQ#C (B0 Q 17,18,37
THERMDN = £ AD31 C7 | Apa1 PIRQ#D (10 PIRQ#D 17.18.37 Place CZ%IL as ?(Igﬁe
” as possible to
17,18,30 « > memb < Bes D24 ¢ gexo IRQ IRQ14 [P11 IR 19,37 =
C BE#2 pos e IRo1s |4 APICTLK o 19,37
CBE#3 A%y ¢ BE#2 APICCLK {-C16 APICDL 6
D63 ¢ Be#s APicD1 -G17 APICDO 487
PCLK_0/ICH ApicDo E168 SERIR 4,37
FRAME Cl4 | ooicLk L serirqQ B4 Q 16,18,37
17,18,30,37 B B33 FrAME PREQ#0
17,18,30,37 IRDY# D9 pevseLs — REQ#0 (A14 PREQ#l 37
17,18,30,37 RO A2 RDY# REQ#1 (P13 PREQ#Z 17,37
17.18:30,37 Roxs Cad TroY# REQ#2 (B12 EREQ#Z 18,37
17183037 SToRY D54 stops Cl REQH#3 [P12 Q 3037
7,10,15,16,17,18,19,20,25,30 359 peirsT# |13 PGNT#0
PLOCK# B9, GNT#0 37
17,18,37 PLOCK# Feia PGNT#1
PAR A9 GNT#1 17,37 VCC3_3
17,18,30 PAR Pain PGNT#2 —
17,18:30,37 SERR# Alg SERR# ONT#2 PGNT#3 18,37
15 1a PCI_PME# K1 — GNT#3 (F12 30,37
10,17,18,30 PME#
R213 8.2K
Al11 RESVOPU
18,37 PCPCI_REQ#A NE, REQ#A/GPIOO  — L GhTaw B11 RESVIPU
18 PCPCI_GNT#A P59 GNT#A/GPIOL6 REQa#
PC/PCI R212
REQ#B/GPIO1 P4, HL11
37 GNHRIGPIOLT £e| REQ#BIGPIOIREQS 8.2K
37 GNT#BIGPIOL7/GNTS# Do s a173
dN T~ ER=E ]
| cst2 3383885823435 37 1
—10PF =
| M| QO 0| B D D D S O| Of < )|
No Pop x| o I| = X[ I| 7| ¥ EEkE
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B ! 7 ° ! 15 NZ 3 ! 3 T
VCCasBY Vecasay VCC3_3 VCC5
ICH, Part 2 7
ICHSVREF Py Py CRG
VCC3SBY gA
Q 285 284 S R250
10K<10K u21 o o i 1.0UF 0.1UF c
R85 and R203 for Test/Debug bl 1K
260R255 = - °
I3} o o w
THERM# & 2 2 g
13,37 SLP S3# D14c} THRM# — 8 14 14 I =
32,36 K31 51p_s3/GPI024 > 54 54
SLe S K2 | g1 p g5 N12 PDCS#1
31,32,36 »—PWROK 13| pywrok el SDCS#L 19
PWRBTN# 2 spcs#l 19
35 PWRBTN# o PDCS#3
ICH_RI# L PDCS#3 19
22 RI# 16 SDCS#3
RSMRST# 1 spcs#3 19
8L36 > sUs sTAT# RSMRST# PDA[2:0]
16,31 L4d SUSSTATH#IGPIO25 R1 PDAO (2:0]
- PDAO PDAL 19
SMEDAT 1L svspaTA Ol Feva— v
1.12,13,26,31,37 ¢ 5o pcLk ] SYSTEM PDA2 PDA2 SDA20]
1,12,13,26,31,37 SMBALERTE SMBCLK oo |18 SDAO 19
37 ME) SMBALERT#/GPIO11 SDA1
SDA1 blSDAZ
37 INTRUDER# 140} INTRUDER#/GPIO10 Sbaz
6 ICH CLK14 U6 | cLk14 PDDREQ 411 PDREQ 19
6 USBCLK U2 | cLkas SDDREQ -B1 SDREQ
Q 19
ICH_3V66 Als 12 PDDACK#
6 CLK66 PDDACK# 19
" SDDACK#
VBIAS Ho SDDACK# 19
VBIAS rooRs DRIL PDIOR# 1o
RTCXL M3 | proxy N16 SDIOR#
RTCX2 Ha SDIOR# 19
RTCX2 orows DOTL PDIOW# 1o
H1Q RTCRST# — N1S SDIOW#
INTEL(R) 82801AA | 5% oo
N11
27 AC RST# Tl Ac_RST# — Do Tz SIORDY 1
AC_SYNC T SIORDY 19
27,28 AC_SYNC
> AC_BITCLK B PDD[15:0]
101 27,28 G SDOUT AC_BITCLK ACO7 PODO LR10 PDDO 19
X2| .|+ Socketed Y4 14,27,28 ACTSDIND 124 aAc_sbouT roD1 N0 PDD1
-1 — CR2032 N A 27,28,37 AC SDINL UL} Ac_sDINO POD2 |R9 PDD2
— L 4 27,37 P3 | AC_SDIN1/GPIO9 IDE ua PDD3
— ICH_SPKR 03 PDD3
32.768KHZ 14,35 SPKR — roos LB PDD4
ol - C3 —£386 us PDD5
18PF 18PF 16,37 LPC_SMi# D11 Gpios — PpDS PDD6
’ LPC PME# E11 PDD6 R
L 16,37 GPIOT GPIO6 poD7 LU PDD7
- 18,37 E9 GPIO7/PERR# p PDD8
GPIO12 Na PDD8
37 GPIO12 N7 PDD9
1 GPIO13 L PDDY
) 7 GPI021 Gpio13 PDD10 T8 PDD10
18,37 B14 | Gpio21 GPIO pa PDD11
GPIO22 o1 PDD11
37 GPIO22 To PDD12
GPI0O23_FPLED Dis PDD12
35 CPIGo6 FPLED GPI023 roo1s LPe PDD13
35 K4 | Gpi026/SUSCLK T10 PDD14
GPIO27 M5 PDD14
31 GPI027 P10 PDD15
GPIO28 5 PDD15
31 GPI028 — .
o1 SDDO SDDI[15:0]
15,16 LADO/FWHO R6 | | ADO/FWHO — Sboo R16 SDD1
LAD1/FWH1 us SDD1
15,16 LADL/FWH1 T SDD2
LAD2/FWH2 5 SDD2
15,16 LAD2/FWH2 6 SDD3
LAD3/FWH3 Ta LPC sSDD3
ICH SPKR 15,16 LAD3/FWH3 s SDD4
14,3 VCC3_3 15,16 LFRAME#/FWH4 UAT) | FRAME#/FWH4 Sbba SDD5
! LDRQ#0 T6 spps -R14
oo 16 CDROA1 LDRQ#0 oo L1 SDD6
37 Q N33 LDRQ#1/GPIO8 — T SDD7
SDD7 SDD8
ul4
1K 20 USBP1P Rl ysBp1P — SbD8 T14 SDD9
d 50 . . USBPIN b SDDY
g USBPIN P14 SDD10
o R271 20 USBPOP p1 SDD10
2 2 USBPON USBPOP UsB SpD11 |-T15 SDD11
Ro6a 3 I\lllinjmize Stub Length 20 N2 giii’o"‘ SDDp12 U7 gggg
=S| 0 Jumpers
P24 > 20 > OCH#0 § M3 ocHo — soo13 |28 SDD14
spbp14 +R1 <DD15
— spbpi1s5 P16
—-C289
EAE—SDOJ-E_ 14,27,28 T 18PF
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ICH, PART 2 1.0
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S | ’ | 3] 5 NZ 4 S
NOTE: This is a TSOP Implementation
VCC3_3 vces 3
425 401 424 423
0.1UF | 0.1UF | 0.1UF | 0.1UF
vces_3
Distribute close to each power pin.
X3 40PIN_TSOP_SKT
X—21 ner GNDa 140 =
24 veea 22 y
387 [C395 —21 nes Fwha 38 LFRAME#/FWH4 14,16
x—4 1 Nea T 37 INIT# 4,13,37
0.1UF| 01UF X—51 nes RFU36 {38
%—S8 1 nes RFUSs 135X
71 rop RFU3 A
x—38{ nes RFUS 138 ¢
- 6 PCLK 6 91 cik RFUS2 {32
10 VCC10 VCC31 3
R273 0K PCIRSTH R VPPIL | \pp GND3o 130
7,10,13,16,17,18,19,20,25,30 12 ps GND29 {22 LAD3/FWH3
x—18 | s FwH3 |28 LAD2/FWEZ 14,16
14 27
vee3 3 vee3 3 P s LADL/FWH1 13’12
LADO/FWHO '
16 | kP2 FwHo {22 14,16
17 | copn oo 124 FWH_IDO
18 | copp o1 12 FWH ID1
19 | \yps o2 122 FWH_ID2
R288 20 | 1q, os L2 FWH _ID3
4.7K
R274 WPROT
TBLK_LCK 47K L
[a][a]
aja [aala] 0K
]l =) a ilzlzl RP68
P26 % % $|E al o RP68 for Test/Debug
L _ﬁﬁﬁH o o [~ oo
RP65 RP64
8.2K B.ZK‘
= o o |~ 0 | [~ feo -
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
FIRMWARE HUB (FWH) 1.0
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g I 7 5
3
Super 1/O
u22 Jd dgd
3 f: O
gt E88
LFRAME#/FWH4 > >35>
14,15 241 | FRAME# —
e LAD3/FWH3 %
' LAD2/FWH2 LAD3 — s |68 PAR_INIT#
14,15 2|\ aop o SLCTIN 21
1415 LAD1/FWH1 2 SLCTINg # 21
’ LADO/FWHO LADL po7 15 ' PDR7 PDR[7:0 >
14,15 2| Laoo - PDRG 1
LDRQ#0 PD6
14 25 LPC I/F
PCIRST# LDRQ# Pps |13 PDR5
7,10,13,15,17,18,19,20,25,30 SUS STATE R231 26 | | pesers o e PDR4
14,31 SIS STATE s, PARALLEL PORT I/A o PDR3
14,37 17 | pumes PDR2
SERIRQ po2 |70
13,18,37 20 | SeRR PDR
PCLK 1 Q PD1 {60 1
6 291 pci_cLk — S I O 00 |68 PDRO
23 KDAT 56 siets 12 SLCT# 21
KCLK LPC47B27X pe 18 PE
23 571 keLk 21
23 MDAT s BUsY 12 BUSY o1
23 MCLK o MDAT Ack# |80 ACK# o1
133 RCIN# - MLk KYBD/MSE I/F ERROR# 8L ERROR# 21
13'3' A20GATE KBDRST ALF# |82 ALF# 21
,37 841 p20GATE — b—  stroe# & STROBE# 51
IRRX o
IRTX o IRRX2/GP34 54 PWM2
L o | oo ] INFRARED I/F s pwmi 2 35
35
RXD#0
389 _[C397 gg TXDO : RXD1 — FDC_PP/DDRCIGP43 |28 SIO_GP43
470PF] 470PF DSR#0 o1
22> RTst0 b it
22 &7 RTS1#
CTS#0 SERIAL PORT 1
22 DTRAO 8 | crsiy Test/Debug Header
2 RI#0 89 prRis Unused GPIOs
= 22 20 | pus 325
22 DCD#0 o 2
DCD1# — 3 4
5 6
RXD#1 _
22 TXD1 9% RXD2_IRRX
22 9% | X2 IRTX
DSR#1 -
vces 3 Decouplin e 2 RTS#L o osrzs
— 9 C5 gg CTert | s SERIAL PORT 2
% DTR#L - crs2# GPeoLEDL 48 SIO_GP60
Place nea % RI#1 DTR2# GPeULED? 142 SIO_GP61
) VREF pin DCD#L A N cozmo, s |50 LPC SMi#
= 336 22 94| pepz# A 51 TACH2 14,37
_:C341 340 390 388 345 T 5: TACH1 35
™. DRVDEN#1 GP3L/FAN_TACHL
J220F To1UrF To.1UFT 0auF Toaur | O1VF 2 DRVDEN#0 L | DRveRM T GP2SMDLIN (48 MIDLIN gi
L 23 MTR#0 DRVDENO GP26MIDI_ouT |47 MIDI_OUT 2
Place 1 0.1UF cap near each power pin gg DS#0 z -
23 DIR# . DS0# Gpiomie1 132 JIBUTTON1 2
i il 2 e = o epioies |38 J1BUTTON2 2
% WDATA# " STEP# GP12i2e1 -4 J2BUTTON1 2
% WGATE# " WDATA# FDC IF GP1a2e2 135 J2BUTTON2 2
23 HDSEL# » WGATE# GPLanix {38 JOY1X 2
23 INDEX# 3 HDSEL# GP1SILY JOY1Y 2
TRK#0 INDEX# GP16/2x |38 JOY2X
23 14 | 1ge 24
23 WRTPRT# 15 0% G172y 22 Jovyay %
% RDATA# ” WRTPRT# Gp2oip17 1AL KEYLOCK# a5
DSKCHG# RDATA# GP21P16 {42 SIO_GP21
23 4| DSKCHGH# — GPo2P12 {43 SIO_GP22
6
6 SIO_ClLK14 ] S —] CLocks GP2ISYSOPT 1-48—SYSOBT &0 0 5vSOPT for 10 aress of 0x02E
8383 3
60060 z 224
€ Jddd o 47K
= 197 INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
SUPER 1/0 1.0
. oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
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PCI Connector O

VCCiz2m vees
(DEV Ah) vecssd
— J19
PCI3_CON
B1 Al PTRST#= 18
15 wPTCK B2 FA2 |
B3 A3 PTMS m 1837
B4 ha PTDI g 1837
B6 A6 PIRQ#B
_ PIRQ#C 87 7 PIRQHD ™ 10,13,18,37
13,18,37 ® m 13,18,37
PIRO#A B8, A8
10,13,18,30,37 m PRSNT#21
18 . mc] | [ac®
% B10 |
18 m PRSNT#22 B11, A1l
B12 A12
B13 A13
B14 Al4
w« B14 |
PCLK 3 B15 ALS PCIRST# il 7,10,13,15,16,18,19,20,25,30
6 m B16 Al6
B17 A17 PGNT#1
PREQ#1 B18 Als 13,37
1337 =
AD[31:0] B19 AL9 PCI_PME# o 10,13,18,30
13,17,18,30 AD31 B20 A20 AD30 AD[31:0 13,17,18,30
AD29 B21 A21
B22 A22 AD28
AD27 B23 A23 AD26
AD25 B24 A24
B25 A25 AD24
C_BE#[3:0] AR207
13,18,30 C BE#3 B26, A26 R_AD16 AD16 g 13,17,18,30
AD23 B27 A27
y B28 A28 AD22 100
AD21 b B29 A29 AD20
AD19 B30 A30
B31 A31 AD18
AD17 B32 A32 AD16
C_BE#2 B33, A33
B34 A34 FRAME#
113,18,30,37
13,18,30,37 mIRDY# B35, A5 o
B36 A36 TRDY# & 13 18 30 37
13,18,30,37 ® DEVSEL/ B37, A37 stopi
o B3 A8 m13,18,30,37
13.18.37 PLOCK# B39, A39
a2 mPERR# B4Q A40 SDONEP2
18,30 =
B41 A4l SBOP2 37
13,18,30,37 wSERR# B42, A42
B43 A43 PAR g 13 18 30
C BE#1 B44 Ad4 AD15 meSes
AD14 B45 A45
B46 A6 AD13
AD12 B47 A47 AD11
AD10 B48 A48
B49 A49 AD9
AD8 B52 A52 C BE#0
AD7 B53 A53 u 13,1830
B54 A54 AD6
AD5 B55 A55 AD4
AD3 B56 A56
E—
y B57 AS57 AD2
AD1 b B58 A58 ADO
B59 As9 | o
37 m PU2_ACK64# B60, AB0 PU2 REQ64# 37
B61 A61
[ | Be2 A62
= = INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
PCI CONNECTOR 0 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG MR oS
FOLSOM, CA 95630 LAST REVISED: 51500 17 or4l
8 7 9 5 AN 4 3 ] 2 ] 1




o

NZ
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1 3

PCI Connector 1

(DEV Bh)

Layout Note: Should be in Slot 0 Position (Outside Edge of Board Furthest from CPU)

VCC12M vees s
) vces
VCC5
vces B veel2 R247
5 324 1718 PTRST#
PCI3_CON ’
B1 Al PTRST# R284
1718 PTCK B2 A2 17.18 17,18 PTCK 3
' B3 A3 PTMS 5.6K
PTDI 17,37
x—B4 | Ad 17,37
B5 A5 1
B6 A6 PIRQ#C =
13,17,37
13,17,37 BRO#D BT AT PIRQ#A 10.13.17,30,37 18 PRSNT#32
10,13,17,37 Q B8 A8 ~ PRSNT#31
18 PRSNT#31 =55 B9 A9 o 1575 B o RSNT#22
GPIO21 él\«/é R GPO2 B10 A10 VCC3SBY
For Debug Only 14,37 PRSNT#32 B1L ALl R ontin Rt PCPCI_GNTHA 17 »PRONT#2L
18 13
B12 A12 oK™ For Debug Only
B13 A13
R286 R248
For Debug Oniyl3,16,37 SERIRQ R SER[RQ B14 Al4 VAUX3
B15 ALS PCIRST# 7,10,13,15,16,17,19,20,25,30 OK
6 PCLK_4 B16 A16 R240 _[C363 [C368 (414 (C415
B17 A17 PGNT#2 PCPCI_REQ# - —
1a37 PREQ#2 518 A8 13,37 oK f13,37 0.1UF0.1UF 0.1UF 0.1UF
’ B19 A19 PCI_PME#
AD[31:0] - 10,13,17,30 Do Not Stuff R249
13,17,18,30 AD3L 620 A20 AD30 FERINY 13,17,18,30 For Debug Only .
AD29 B21 A21 ® ®
B22 A22 AD28
AD27 B23 A23 AD26
AD25 B24 A24 =
B25 A25 AD24
C_BE#[3:0] JRr287
— BE#3 B26, A26 R_AD17 AD17
13,17,30 AD23 827 A7 206 13,17,18,30
y B28 A28 AD22
AD21 ¢ B29 A29 AD20
AD19 B30 A30
B31 A31 AD18
AD17 B32 A32 AD16
BE#2 B33, A33
B34 A34 FRAME#
13,17,30,37
13.17,30,37 IRDY# B35 AZ5 o
B36 A36 TRDY# 13.17.30.37
DEVSEL# B37, A37 e JP25
13.17.30,87 STOP# PERR# PU,
o B AS8 13,17,30,37 p : 37
13.17.37 PLOCK# B39 A39 17.18.30 PERR# 2
e = PERR# B40, A40 SDONEP3 " 3 GPIO7
17,18,30 [ ] 37 14,37
B41 Ad1 SBOP3 37
13.17,30,37 SERR# B42 A42
B43 A43 PAR 13.17.30
BE#1 B44 A44 AD15 —
AD14 B45 A45
B46 A46 AD13
AD12 B47 A47 AD11
AD10 B48 A48
B49 A49 AD9
AD8 B52 A52 C BE#0
AD7 B53 AS3 m 131730
B54 A54 AD6
AD5 B55 A55 AD4
AD3 B56 AS6
v ]
y B57 A57 AD2
AD1 b B58 A58 ADO
PU3_ACKG64# ae a0 PU3 REQ64#
37 - B60, AB0 Q - 37
B61 A61
L1 B62 A62 INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
1 s PCI CONNECTOR 1 1.0
= = . ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELE‘? B8
FOLSOM, CA 95630 LAST REVISED: 5-15-00 18 or 4l
8 7 9 5 AN 4 3 I 2 I




S I 7 ° 5] NZ T 3
IDE Connectors
VCC5
vCes PRIMARY SECONDARY
IDE CONN. IDE CONN.
PDD[15:0] SDDI[15:0]
14 14
R10Z R100:
PCIRST_BUF# R190 e S I 1y GFCIRST_BUF# R1E2 T
33 PDD7 3 [oiola PDD8 3 SDD7 3 [oiola SDD8
PDD6 5 [5/51.6 PDD9 SDD6 5 [5I1.6 SDD9
PDD5 7 ool 8 PDD10 SDD5 7 ool 8 SDD10
PDD4 9 [Siol 10 PDD11 SDD4 9 -1 10 SDD11
PDD3 1 {1 12 PDD12 SDD3 1 {1 12 SDD12
PDD2 13 [T 14 PDD13 SDD2 13 [T 14 SDD13
PDD1 15 [~ 16 PDD14 SDD1 15 [~ 16 SDD14
PDDO 17 1] 18 PDD15 SDDO 17 1] 18 SDD15
19 75120 19 5l 20
14 PDREQ 21 |1 22 & SDREQ 21 [ 2
14 PDIOW# 23 [fo] 24 14 SDIOW# 23 [l 24
14 PDIOR# 25 1] 2 14 SDIOR# 25 [[] 26
) PIORDY 27 [ 5] 28 PRI_PD1 a SIORDY 27 [ 5] 28 PRI_SD1
14 PDDACK# 2% w0 14 SDDACK# % w0
13.37 IRQ14 31 {1 32 13.37 IRQ15 31 13
! PDAL 3B [T 34 ! SDA! 3 [T a4
PDAO 35 [ 3 SDA( 35 [ 36
14 PDCS#1 37 1] 38 PDCS#3 14 SDCS#1 37 1] 38 SDCS#3 14
35 IDEACTP# 39 [To] 40 35 IDEACTS# 39 [T~ 40
14 PDA[2:0] 14 SDA[2:0] SDA
| C206 R1305 R132 R98 _| c205
T 0.047UF [ 0.047UF
VCC3_3
R191
u11 8.2K
7,10,13,15,16,17,18,20,25,30 >—PCIRST# PCIRST_BUFL
SN74LVCO7A
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
ULTRA DMA/66 CONNECTORS 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELE‘? B8
FOLSOM, CA 95630 LAST REVISED: 51500 19 or41
8 7 9 5 AN 4 3 I 2 I




S i 7 i T ) N 3
VCC3 3 VCC3 3SBY VCC3 3 VCC3 3SBY VCCSDUAL
Q Q
<330k §< 30K [ 330K, Do not stuff
8 z 8 @< 330K
g
No Po| « AC97_USB- R158
P No Po POLYSWITCH_RUSB250 27,
R214 P R228 o oK
b “ (25A R151
AGP_OCH# 27 AC97 USB+
10 o1 0K
27, AC97_OC# , 2o usB PO A
No Pop g
g
R180 &
o 1 | coos Do not stuff
3
14 = 2] A 10._AGPUSBN Ris7
3
VCC3 3 VCC3_3SBY 10, AGPUSBP RS0
© 560K 0
0.001UF
g3 % 8> o
= = u1s
No Pop -
RIMAG_USB
2 1
ccL
Bl R215 R24 v
USBP1P ER 14 USBPOI UsB D1 N 2 | pprna.
14 u1e TUSB2043 usBPo! R216 5 R25 ™ USB_DLP N
1 oo DATAL+
15 oK 4
14 USBPIN = MO oMt | 11 USB D2 N GNDL
DP1 T USE D7 P UsB_PO_B 5
3 ecl ‘ veez
5—VCC2 ‘ 6 | paTa-
6 USB_CLK ovz | 18 e USB D3 N 7 { paAzs
—SenaTs 1 27 [CLKIN bP2 USB D3 P
PCIRST# o i T + uss GND B 5 | onoo
b
7,10,13,15,16,17,18,19,25,30 @ DM3 19
&< 1 pps | 20 1 2 UsB[PO_C 1
o 31 |MODESLCT S o ‘ ,
26 |EXTMEM# USB D4 N
] USB D4 P & ‘ s 7
USB HUB : e s )
c296
1 1 2 udsPon 1
0.1UF 5 |eEcLk
2 2
37 SUSPND =
PWRONL# 9 15K 21
PWRON2# 3
PWRON3# u1s TPS2044
- e T BT oW .
%—2_fTESTOUT [EN3# ouT3 [IL
S0 fresTiv EN4#  OUT4 [I0
QVRELRY 12 16 oo N2
OVRCUR3# 18 ny ooce IN2 i
OVRCURA# 0C3#  GNDL
1 @ 3 0Ca#  GND2 100UF  [100UF
- o 100UF
BUSPWR 8 - -
7 lonp1 ~ o
NS EEDATAIGANGED 5~ g gl
L vees 3s8Y © 3
o o
o
== = o
*
21| 15K sk 15K | 19K
,|css0 FlE[1K 15
c33l | — 15K s gl 3 2< 15K =
e $S 938555 52 8
a7PF 2 2 3 EoElE &
L

N o PCG PLATFORM DESIGN
ﬂn@lQOO PRAIRIE CITY RD

DRAWN BY:

INTEL (R) PCG

INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
USB Hub 1.0
PROJECT:

INTEL(R) 82815|

LAST REVISED:

5-15-00

SHEET:
20 oF41

FOLSOM, CA 95630
2




B ! 7 ° 15 NZ 3 3 T

Parallel Por

VCC5
CR3
A~] C VCC5 DB25 CR °
L1
1N4148
o o q
o N o o ] q o ] o
R84 RP3!
P4 RP4 RP4
2.2K 2.2% ‘ 22 2.2% 2.2% ‘
4ddd
ddd p 4 RN
J8
DB25
16 SLCT# N
25
16 PE 12
24
16 BUSY u
23
16 ACK# "
22
9
PDR[7:0] 2
16 RP63 .
PDR7 1 8 20
PDR6 2 7 7
PDRS 6 ‘ 19
PDR4 4 5 6
RP4&B 18
PDR3 1 [ Apr] 8 5
PDR2 2 7 17
16 SLCTIN# N s | 4
o PAR_INIT# 4 5 16
33 3
16 ERROR# 15
2
14
1
RP38
PDR1 1 8
PDRO 2 7
16 ALF# .
o STROBE# N .
33
c17p civo  |cir7 7C176 77(:175 77(:196 77(:138 77(:2)7 f:Zl:
- - - w w w w w [w
"8 "8 "8 a a a a a o
& & & 8 8 8 8 8 8
% |c17i Bl ci6 2;7(:17 ‘17C16 -—;c16 ~—«7C16 ‘1,(:18 iﬁc214 —
- - [u_ w w w w w
[T '8 o o o o a a
o o (=} (=} (=} (=} (=} (=}
(=} (=} @ @ @ 0 0 0
0 ) — — — — — —
— —
- INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV.
PARALLEL PORT 1.0
K ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG MR oS
FOLSOM, CA 95630 LAST REVISED: 515-00 21 o4l
8 7 9 5 AN 4 3 ] 2 ] 1




S | ’ 3] 5 NZ 4 S 1
VCC5 VCC12
D|
us comi
J7
24 vec qy vecwz bBg
16 DCD#0 191 o 0 R0 12 DCDO C
6 RXD#0 18 | gyt EK\‘7 ra1 |3 DSRO_C
16 DSR#0 17 ] ay Mo o 4 — RXDO C
16 DTR#0 16| oo O pyo LS RTSO C
6 TXDO 5)om O onle \ TXDO C
CTS#0 s
16 RY3 RA3
6 RTS#0 13 ow oo e [otroc N
16 RI#0 2| rva Raa L9 ROC o
1L eno vee1z 10 veeiz-
VCC3SBY
C
R276 10K 100PF
CR8
RI# CR eﬁ“ﬁ
2
14
_ ¢
= VCC12- 2nd COM Header Option
" If not populated at all, CR14
Vees veelz and shor RIF0_C 10 RICR
:CBQB
10UF u23
0 vee oy veer
D G L I RXDILC
NOTE: If Wake from S3on L 16 DSR#1 R g RaE DSR#1L C J22 B
i i - 16 rRy2 D~ rRA2 4 15612
Serial Modem is not supported 1 DTR#1 o O oo ls DTR#1 C N 4
do not stuff CR8 and Q16. 1 > IxDL o O o ls TXD#1L C| | N N
1 CTS#1 v - CTS#1 C| | 7 8
16 RTS#1 18 | o ove L8 RTS#1 C 9 I5lol 10
16 %Rl#l 12 | rya RAd |2 ® RI#1_C
1L eno vee1z 10 ‘
€353 | 352 | c3ad | c34q
100PF L
1 77c344PIace Close to Headef
100PF
- A
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
SERIAL AND GAME PORTS 1.0
. oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG MR oS
FOLSOM, CA 95630 LAST REVISED: 51500 22 or 4l
7 [ ) /N 4 3 | 2 |




7 ° 1) 3
veespual  VCC5
o) o)
R185 No POP
R185
oK vces
PS2v5s
1.25A
RP45
o ™~ o 1 [ AA~] 8
2 7
RP1 a 6
o o o < STACKED PS2 CONNECTOR 1K
a
16 KDAT 1 L_KDAT ; 3 R131
>
37 < 1K
L5 4 3
o———fov
o
16 KCLK =f? LK g 16 DRVDEN#0 2018
L7 X——0 a1 3
rysis
MDAT P | paT 7 16 DRVDEN#1 oo}
16 ok - ° INDEX# 8 7
8 3 | L7 esogo 16 MTR#0 10 5 o
9 = [16 16 o
10| S [15 ool
n 14 ——
MCLK 1 o L Mtk 111°8 (14 16 DS#0 13
16 12 13 16 [ 15
I 16 DIR# 8 —— 17
STEP# 20 —— 19
c1 |c4a [c3 |c5 i 12 WOATAR s e
470PH 470PF | 470PH 470P| & 16 WGATE# 24 =~ 23
El 16 TRK#0 26 [ 25
Ps T 16 WRTPRT# s -
16 RDATA# 30 ] 20
16 HDSEL# 2 3
- - = 16 DSKCHG# 34 :: 33
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
KEYBOARD/MOUSE/FLOPPY PORTS 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG MR oS
FOLSOM, CA 95630 LAST REVISED: 51500 23 or 41
7 9 5 3 I 2 I




S 5 5 Nz L S
VCC5
o)
S
b VCC5
R223 R225 R230 R218 R229 } R217
4.7K 4.7K 1K 1K 1K 1K L]
DBlSjEUDﬁSTK
31
L o
9
16 JIBUTTON1 2
16 J2BUTTON1 M "
16 JOY1X R219 2.2 oY R 2
16 JOY2X R221,  2.2K 5% o R n
5% 4
16 MIDI_OUT R227 47 MIDLOUT R 2
5
16 Jovay R222 22K Jov2rR =
16 JOY1Y R220 _ 2.2K 5% o .
16 J2BUTTON2 5% 14
16 J1IBUTTON2 7
16 MIDI_IN R226 47 - MIDLIN R 15
8
. 2
C333 | Cc337
0.01UF |25y | 0.01UF |5
. 25V
10% 10% C30 | c112 =
cass | casa | 470PE 470PH
0.01UF | 55y 0.01UF | 25v
10% 10% gl B g, &
Ok 8l 8L 8
47PF 47PF [ 41PE T e
Py I 50V 50V 50V | 50V
l Tie game port capacitors together and to SIO AVSS. Tie to system ground at only a single point.
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
GAME PORT 1.0
] ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
météwoo PRAIRIE CITY RD INTEL (R) PCG IR e
FOLSOM, CA 95630 LAST REVISED: 51500 24 or 41
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S [ /4 1 © 5] NZ 7 3
MICROSTRIP
L Loou v of 22—«
9.26 3VFTSDA 3 o4 X
FTD[11:0] ' o1
? FTD10 oo o O t—X
7
FTD11 = cvesO—8—X VCC5 VCC3_3
FTDO & Lop9 O spo OF—10——x
11
026 3VFTSCL s sPI0—— 12—
8 oo™y s OF 4 x J l
FTD6 15 spsO——16——x C260 caat c263 | c262 veoLs
IFTD7 4 1OUF| 22UF 1O0UF 10UF
17 18 o
007 O sv1
FTD8 19 w 20 I P
2 = = g
PO ot VCC1_8 S
3V —
IG5
% T O 3v3 6. ®
27 8
oo 3va4l a I
= Ts\o voDL < s coss ICZEQ S, L L% Place this capacitor near pin 40
31 L01UF 100PF
o7 Vo | 1.0U1 10UF
81005 "0 voos u P!
35 6
VDDA
1G8 L
37 -
R Op—=a—x FTVREF e
VREFC 40 =
FTVSYNC 41 |p3 po# Of—42—¢ PCIRSTH
43 a
FTD3 s RST: 7,10,13,15,16,17,18,19,20,30
FTD2 s " 5VFTSDA
FTCLKO o [ O s Ol 5VFTSCL
SCLS
IG10
491001 O spa 50
= scl 5
FTDO o1
53
FTD1 o
FTD4
9 FTBLNK# 57
59
9, . FTCLK1
9 FTD5
FTHSYNC
9 SL _STALL
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV.
DIGITAL VIDEO OUT CONNECTOR 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG MR oS
FOLSOM, CA 95630 LAST REVISED: 51500 25 o4l
- . 3 A 2 3 \ 2 \




3
VGA Connector vees 5
BLM11B7508S is rated at 750hms at 100MHz *
VID_RED 118 i
° ° ol (&2 F2
9 VCCl—S BLM11B750S 25A
R103 R104
R107 c195 c210 K 4 P
75 3.3PF 3.3PF
9 o L20 | ]
vCes 1% J9
1 3 Eﬂ
BAT54S = — = i
. . CR12 o 6] 6
5V to 3.3V Translation/Isolation - . LRreD [0 1
CR5 Place R107,R106,&R109 Close to VGA Connector MONOPU 11 O /é
os4 3v o o Cl1A L17 z
o ~ o u INaL4s 9> VID GREEN - o 2 o L _GREEN 2 O\O
- 8lY 8sx vegs l mumsl 12 £
5 a3 c216 €209 ¢
a Z7 R106
[ © 75 3.3PF 3.3PF L BLUE 3 O\O
9% L HSYNC | 13 O
Uls I 2.2 FUSE 5 9
QST3384 = 1 1 MON2PU 4 O\O (o)
24 = — —
3VDDCDA s v 5VDDCDA - CR11 LVSYNC | 14
9 w 161 u 5VDDCDA 10
9 3VDDCCL 4] o o LS 5VDDCCL g 2%6m .15 \8 s
CRT_HSYNC 7 s 5VHSYNC o R105 0 ¢
9 CRT_VSYNC o oy 5VVSYNC & 26 w2VHSYNC . . 15
9 14 184 u 26 l 0K l
1 _ 10
0.5, 3VFTSDA | s BVETSDA . e c212 c250 K]
o/25¢ 4 BVFTSCL 1] e 5VFTSCL % 3.3PF 3.3PF
2> 7 CK_SMBDATA 18 10 R MBDATA
6 s 263 g MBDATA | 5 1112,13,14,31,37
6 <> CK SMBCL 2t o o {20 RIFL o BCLK 5 11112.13.14,31,37 = =
%—21 s s B X Do Not Stuff C212 and C250
BEA# GND 26 _SVDDCCL
13 Bes# L
26 mEYVSYNC . R85 o
=
l 0K l B
c213 ciss
- N 3.3PF 3.3PF
_ciss L cago
= = T10PF T
Do Not Stuff C213 and C188 10PF
Do Not Populat L c2a9 - c208
0 Not Fopulate VID BLUE s 10PF 10PF
9 . . o L7 .
VCC1_8 l BLMumsusl
R109 €219 c211 B N e M
75 3.3PF 3.3PF
1%
B]AT54S 3 B
L CRI5 - -
A
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
VIDEO CONNECTOR 1.0
. oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG MR oS
FOLSOM, CA 95630 LAST REVISED: 5-15-00 26 or4l
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B T 7 53 5] N7 3
D
VCC3SBY
o
VCC3SBY VCC12 VCC5
VCC5Y VCC12-
VCC3_:
VCC3SBY ||
E 47K J20
)%El AUDIO_MUTE# AUDIO_PWRDWN Al
B2 | GNDlo] (ISOLATED) MONO_PHONE -2 MONO PHONE 28
28.35 ACO7SPKR B3 | \ono_outiec_peer Resvfs) 22
[ B4 )
RESV[1] RESV[6]
u10 B5 A5
PRI_DWN_RST# 5 1 PRLOWN.Y PRI W P RS
28% 2 180 1 priMARY_DN# GNDI[7]
7 enaLvCoBA B7 | 1ov +5VDUALISVSBY 1AL
@ B8 | Gnopy uss_oc 128 AC97_OC# 20
k] B9 | y1ov onpjg) 22
~ B10 | Gyppz uses |AL0 AC97_USB+ 20
~ BIL | oo AC.97 RlSER Use. AL AC97_USB- 20
KeY AMR_CONNECTOR KeY
KEY KEY
| B12 | Gnpjg) GNDg) {-AL2
= B13 RESV[3] SIP_DIF_IN A3
- Bl4 | pesvi) GND[10] {-Al4
B1S | \33v0 +3vDUALBVSBY 215
B16 | Gnppa) eND11) AL
14,28 AA% SRDS?.;JT BL7 | Aco7_spaTA ouT Aco7_syne AT AC_SYNC 14,28
BI8 | Aco7 RESET# GND[12) {-AL8
B19 | Aco7_SDATA IN3 AC97_SDATA_IN1 {-AL9 AC_SDIN1 14,37
B2 | cnpps) GND[13) {220
B21 AC97_SDATA_IN2 AC97_SDATA_INO A21 AC_SDINO 14,28,37
B2 | cnpjg) GND[14] {222
B23 AC97_MSTRCLK AC97_BITCLK AZ AC BITCLK 14,28
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
AUDIO/MODEM RISER 1.0
. oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELE‘? —
FOLSOM, CA 95630 LAST REVISED: 5-15-00 27 or4l
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s I 7 3 153 N2 L3 3 T
' . vces 3
AC'97 Audio Codec
e VCC5 AUDIQ 2829
C354|
1 | csss 1| G308
2 0.1UF b1 2 2 0.1UF D
VCC12 VCC3_3
o
VR7
MC78MO5CDT — \GNID GND
v {3
™ VCC5_AUDIO 28,29
N 4 | case
GND
g 2 0.1UF
g:l | c360 S 408 L
©: 0.1UF
o 10UF 01UF
3 s |5 3
® 1 2 AD1B19 bl ~ |0 2 % BEE
= - 25 25 © zx 288
I g8 28 8 4 B vces 3
1 \GND X—221 pc_peep
= 29 LINE IN R 2 LINE N R .
29 k/:l’\(l_‘,Elll\lN L 23 LINE_IN_L
29 2 yer i PRI_DWN RST# _ 57
% 22 1 s
29, CD R e SDATA_ ouT {5 AN AC_SDOUT 1457 § g no stuff
CD_R SDAT/ 8 oK AC_SDINO 142737%
29 CD L P DATA_IN Roiz W27,
CD_REF - swe [0 AC SYNC 14,27
2 ) oew  Ac'97 Codec arr ik |8 oK AC BITCLK 14,27
ca02 x—4  vioeor -
MONO PHONE
27 2 L 1 x——1¢ VIDEO_L oot g
1UF-TANT ¥—34  auxL cso
Cca12 15 a5
27.35 AC97SPKR 2 51 MONOﬁPHONé\E B AUXR CHAIN_CLK t—zg—X é
[ PHONE EAPD 29
1UF-TANT MONO OUT € 37| om0 out CHAININ 177
29, LNLVL OUT R « e our R
29 LNLVL_OUT_L 35 LINE_OUT L
X—AL1 |Nvi_ouT R
X—391 |Nvi_ouT L
5rze I
EE 44 a JP18 ~ X
Hdr'y % g g ‘é_ 828 nosut B
Q o AUD_VREFOUT _ 59
O AC XTAL IN
g v3 =
ca08 09| 4 3 XTAL
g gl sl ol ‘i»—l‘DL—ﬁ
iz ) ST &
g ’% o & o C367 =
5 2 Lk 355 356 = -
3L
i 43TE * =
oo " ef 7|8 ‘| &
A
\GND IAGND
C407 0.1UF ~ =
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
\GND AC'97 AUDIO CODEC 1.0
= . @ PCG PLATFORM DESIGN DRAWN BY: PROJECT:
Wﬁéwoo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELE@ 285
FOLSOM, CA 95630 LAST REVISED: 5-15-00 28 or4l
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3] 1 I © N2 3 L
Stereo HP/Speaker Out
C226
L e Rz 1 2 wpgo
100UF » FB6
c237
2 R118 2
+
20
100UF
. — DB15_AUD_STK
28 AUD VREFOUT R108 Microphone Input s |- &
g
22K %%7& I
oY 3 GND
c217
MIC_IN 2 Ruo 1 2
28—t =
1UF-TANT FB4 IAGND \GND
& v
100PF-NPO Q DB15_AUD_STK &
8 °
1 ™
5 001UF ~ U20
LM4880
1 VCC5_AUDIO
GND AGND LNLVL_OUT_B C‘ZZA , R111 OUTA VDD 28
< | 21 NA outs {£
\GND 20K 3! BypAss INB. NSy 1| G282
1UF-TANT 5 < |y
41 eND sHuTDN P—EAPD ¢ 28 3 T~ 100PF
LNLVL OUT_L ¥, rus o 2
=
TTL 20K g
1UF-TANT =
Line_In Analog Input ~
L
Cc221
28 LINE IN R 11/ 2 2 s °
+ E b
1UF-TANT S
c183 |AGND \GND ~&
LINE IN L &
28 = . ~
1UF-TANT FB3
DB15_AUD_STK IAGND
~
1H =
100PF-NPO 49 o
154 5 100PF-NPO
8
~ ~N
laenD GND laenD
~ ~
CD Analog Input
13 R234 CTBOAl CD_L 28
IE S e+ N
O+ 4.7K 10
2 G309 CD_REF
R235
S Y S = = 28
ol I
4.7K 1UF
ol 4
R246 G, CD_R
L e . & 28
4.7K ;LUI4
4.7K 4.7K 4.7K
8 ]
g &= £
IAGND \GND
prene INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
~ AUDIO CONNECTORS 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: I’Nrféffgm
m'téwoo PRAIRIE CITY RD INTEL (R) PCG SHEE‘T?
FOLSOM, CA 95630 LAST REVISED: 515-00 29 or4dl
8 7 9 7N 3 ] 2 l




B ! ° ! 15 N2 3 3 T
VCC5 VCC3SBY VCC3SBY VCC3SBY VCC3SBY
LAN 7 VCC3SBY
R149 u19 §
4.7K 9
13,1718 < minmtn 23? 5%1 N7 1 apo TENE L CONESE SONGEPERBEETNRSNENRTESNNGSE
: M7 zzaa 9 aaaaaar 9998988888 00000000000000Q0
LAN Decoupling AD2 P6 ADL G660 9 5686666 998999999800 00000000000000 AL2 LILED
L AD2 0000 000000 S555555555555555 LILED 31
Distribute around Power AD3 B5 | Ap3 >>>> >5>3>335355 ACTLED |-C11 ACTLED 31
Pins Close to 82559. AD4 N5 | Apa SPEEDLED |B11 SPEEDLED 31 D
AD5 M3 | ADs TDP 1-C13 TDP 31
VCC3SBY AD6 P vk Ton Lc14 TDN a1
AD7 N4 i Ap7 RrDP {E13 RDP 31
ADS P3| AD8 RDN E14 RDN 31
AD9 N3 |
c300 |c303 | cso1 AD10 N2 | hoso e Les &
0.1UF AD11 M1 | Ap11 PME# |-AB PCI_PME# 10,13,17,18
ﬁgg M2 Ap12 FLAO/PCIMODE# 13— R198
M3 | Ap13 FLAL/AUXPWR 1112 LANAPWR
| | veeassy 1 AD14 11 no1s FLpy LK1a 3K ||
2312 124 AD15 FLA3 114
ADL7 K1 AD16 FLA4 1113 ¢
E3 | AD17 FLAS 112
€299 | C302 | c298 AD18 D1 | Ap1g FLa [ M14 o
0.1UF AD19 D2 | D19 FLA7 [M13 5
ﬁgég D3 | Ap20 FLA8/IOCHRDY {N14—5¢ VCCIsBY
VCC3SBY AD22 Gl Ap21 I NTE L R 82559 FLA9/MRST P13
= AD23 Bl Ap22 FLALO/MRING# N3¢ U4
AD24 B2 | AD23 FLALUMINT {MI2 ¢ R C
b 7 AD25 B4 Ap24 FLA12/MCNTSM# -MLL—¢ EEDI B
|- c306 | €305 AD26 A5 AD25 FLA13/EEDI P10 EEDO 31 eeoi
T 4.7UF T~ 47UF AD27 BS | AD26 FLA14/EEDO {-N10 e 4 { eepo Ne2 H—x
e o AD28 B6 | Ap27 FLA15/EESK {-M10 2 EEsk Ne1
G614 Ap28 FLA16 P2 —x 1 eecs
AD29 C7 | AD29 FLDO {Fl4—x i
= AD30 A8 | AD30 FLD1 E12 x s
Place C305/C306\ AD31 BR | Ap31 FLD2 LE12 o
Close to Ball A0 C_BE#30] ¢ pE#o " FLO3 1812 B G St | 4 a
13,17,18 CIBEO# FLD4 +HI4 ¢ in1gg =
C BE#1 13| c/pELs FLD5 | HI3FLDS PD 619
C_BE#2 E3 CIBE2# FLD6 H12FLD6 PD
C BE#3 C4 ciBE3# FLD7 14— R200 619
eecs |BZ EECS
13,17,18,37 FROMES E2| FRAME FLCs# {M8 3¢
13,17,18,37 TROYE El | |RDY# FLOE# M8
13,17,18,37 DEVSELR G2 TRDY# FLWE# +ME—<  pogz 62K
13,17,18,37 STOP# H3 | DEVSEL# CLKRUN# {-CBLANCLKRWNAA, 27 ¢ B
13,17,18,37 PAR H1{ sToP# TEST —Alwfmw—«
13,17,18 PIRGHA 1 pAR TExec [D13  R205 4
1013,17,18,37 R B2 | \yras oKk P14
17,18 SERR# 12 | pERR# T HR12 ¢
13,17,18,37 <— =0 A2 | SERR# TO 1812 ooy 549
13,17,18,30 AR204R LaNDs A4 | nep RBIAS10 {-B14RBASIONAN 9%9 o
PREQ#3 100 ca | R1meIASI00
13,37 PONT#3 REQ# RBIAS100 {BIBBASI0 A\ @
13,37 PCIRST# A2 1 GNT# VREF {-C12 R202 619
7,10,13,15,16,17,18,19,20,25 POLICE C2 | RsT# N1 P20
6 Gl cLk NC10 ,ﬁx ||
Nco (Al
31 tﬁ“ ':SOTI;?TE# BY | |SOLATE# NCs 34
31 A9 ALTRST# NC7 V%x
NC6
31 t :mggLK A10 4 svBCLK nes 129
31 €91 smeD Nca L8
Nc3 R4
VG2 vio Ncz A
e ne1 AL A
LAN XTALL N11 | yq Saos® SoaNmED L s e e e e e e e o e =
2228 & £a88ffa PONBEINOEEEIAASSSIandASNNRIASSIAIS
Y2 w ununun 1%} nunununnon NNV NVDNNDDNDODNNNDDNNDDODNNDDNDNN NV
Qe Bl 2222 £ 222222 £2222222222020222222222228222222¢2
[ 254 _[C251 255
- T 3 § & FELSY JH85 8 g hi i v i | E a JHENET 6883 9 % g 9 INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
25MHZ 22PF | 22PF|0.1UF b << LAN 1.0
. o PCG PLATFORM DESIGN DRAWN BY: PROJECT:
1 1 4 1 1 mtémoo PRAIRIE CITY RD INTEL (R) PCG MR oS
- - - - - - FOLSOM, CA 95630 LasT REVISED: 51500 30 oF 41
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3 4 [9) 5] N2 4 3
L AN VCC3SBY
VCC3SBY
R138
TDP
30 330
D
Rzl%zct) R146 <R148 <R147
g 330 £330
z g 2 3
< ~| of
8 o, FMAGLSE - 1y ien R23  ACTLED. g g
30 Egg 14 4 - 5? 330 LILE 30,31 JP14 P16 |IP15
30 » 16 | Rp+ 9 D=3o,31
17 RD-
o o
R295 2
*—18 4 N
121 g
15| poc f{ 1 SPEEDLER, 5 3 H
20
RDN P20 LILED
30 2 p1o 30,31 ACTLED
No Pop R295 gIyIILEy 30,31 —A ==
333558355 SPEEDLED
y SPEEDLED |
Place R294 and R295 near 82559 i 303
»
c
= /77
Note: Chassis Ground,
use plane for this signal
VCC3SBY
%
R26% , P22
SMBCLK 1
11,12,13,14,26,37: 9)
:l 2 s smBC 4 80 L_SMBCLK 30
14 GPI027 5 1S R I
VCC3SBY
R256
14,16> SUS STAT# Ro6g"
0K LAN_ISOLATE# 20 : P23 -
SMBDATA 1
11,12,13,14,26,37 9]
1432,36>PWROK ¢+ RZ% O], o suen gL SMBD 20
0K 1 GPI028 s 15 ok
Do Not Stuff R254
JP19
RSMRST#
14,36
2 LAN_RST# 20 A
Note: This circuit is for debug purpose only.
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
mdtéwoo PRAIRIE CITY RD INTEL (R) PCG MR oS
FOLSOM, CA 95630 LAST REVISED: 515-00 31 or4l
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Voltage Regulators

vces_3 V3sB VCC3SBY VCC 3.3VSB Regulator
VCC5SBY V3sB
> 1N5822
> O
R R B S ]
VCC 3.3V Standby VOLTAGE SWITCH 56 cs7 &
This generates 3.3V Standby Power which is M7UF M7UF NDS3564P VR2
on in S0,51,53,54,&S5. It passes 3.3V from w N e 173 8
the ATX supply in S0/S1, and 3.3VSB (generated @ l s X
. — — T B IN ouT
by VR2 below) in S3/S4/S5. - B 01 2 oo .
| Do NotPopulate g % Icez n gl 1:(:61
-ces o = NN
vee12 oS | - ce5 8w & |~ flassghhar
w G INe ® 200UF
l lj l ~[L200UF o
VCC5SBY R31 Q2
SN74LVCO7A has 5V input and output tolerance. Q 47K =
VCC5SBY VCC3SBY Q7
Q o] S14410DY
4
3
. N 1@ VTT 1.5V VOLTAGE REGULATOR
SLP_S3# 5 ) |
14,36 g
’ 3 VCC3_3 VTTL 5
14,31,36 5 - VR1
H LT1587-1_5
QS VCC5DUAL ]
S14410DY VOUTI2
4 3 |viN
z 1@ ADJJL
L il | R175 z - z -
0K c14 i< c17 i< c16
VCC5 VCC5SBY 1.0UF g g N
VCC5 VCCSDUAL
R176 > j>lNSBZ(Z7 1 1
LOKWJ Jpcno Jpc1o4 CR2
NPOP M7UF M7UF Nos30A?
TIREY
VCC 1.8 VOLTAGE REGULATOR L L e
- B Q4 2 VCC 2.5 VOLTAGE REGULATOR
VCC3_3 VCC1. 8 © Do Not Populate
VCCs vcez 5
Y NDS356AP H+<:64 H+ (:105
/] a o T “T1200UF
VR3 l T f ~L200UF o
LT1587ADJ L4 VRS
| & LT1587AD)
vout Q6 l
Py 3 N o
— vout
P AD) - P(:99 Uz - 3
g Co8 103 § EN S14410DY ADJ 162
E] P~ z
= < 4 <
g |v 1.0UF 2 £
- = | Place C99 at the Regulator 3 LE —-C111 ]
2 ] 0.1UF S
4 4 €L o |
u3
S14410DY
4
z 1 @ INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
A VOLTAGE REGULATORS 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
mtéwoo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELE‘? S2815
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S [ ! © S NZ 4 3 I
D
VCC3_3
VCC12
L
L
N
I8 8 ZE
3*L% vDDQ
3Fs
= Ci
No stuff R210 220UF
= r 1 2
A4 C317
—® VR6
o « LT1575 =
P ® L —sHon Pos 8
< 2 7 2
©_|+ VIN INEG R155 z
g ;% 3 D GATE | 8VDDQ G1 o0DQ G2 1 5
Oor= 4 g comp -5 5.1-5% z
VCC3_3
= CZG7\ | VDDQ_COMP
2 11
C268 10PF
R156
2
VCC1_8 o Rt 2 " L - - b
85 ¥ ¢ 0.001UF 7.5K-1% o L LE 2l & ol% gllelu
o ao% d29 KX &3 X RPd Npd N=2
1 SN 18 QFd OPFL OPS OPSO0TN
@ 2 = — —
—
2 VR_SHUT! *®
ha} - VDDO FB
N
o
b = 5X
7 g g3
N =
2 10 TYPEDET# ¢ S X
S o ~
153 = -
o o
= E s
o
= =
=
E 4 Route VR6 GND to VDDQ output caps and then via to ground.
4

INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD

REV:

AGP VOLTAGE REGULATOR 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
Wﬁéwoo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELE‘? 82815
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S I 7 I ° 5] NZ T 3 T
Processor Voltage Regulator
VCC12
VCC5
R93 R26
R37 220 5.6K
T 51 VRM_PWRGD
] 8 DO3316P-102 : *
Place caps next to output FETS. aal P
C76,C115,C78,C117 must support >8A of RMS current. c27
1.0UF
J Py
. cra g R36 o o | o
g 27K
o 'OlUF' o o Place CAPs
. = = @ Close to FETs
3 yDis0l RP7 . o 2 52 52 S VCeviD
VIDO vy =i g wRep |13 cuz—J —<Cll4
vioe 3 s : FAULTs |12 FAULTE PU 2 1.0UF-X7R
VID2 o {2 of R53 eoo - L13
VID3 - Fs L8 RvcovD L vCeviD J. I42TP! 7y
T—rIs . W e 1o 267 e 1.0UH-20A
0K § % E e |11 ves po ol | | ETQP6FORSL.
19 o o
£ £
52 52
o o5
JP5 JP6 JP3 JP4
| ce9
.01UHO.1UF|
1000PF
VID Override Jumpers Py
_L C46 4 C25 _/Cl26_ C72 | Cll6_| C28
- T 0.1UF Do Not Stuff F oW oW F oW RN TR TR
’ m~2 "D T2 T2 T2
o o o o o
. . o © o © o © o © o O
The LTC1753 incorporates internal pull-ups on VID[4:0]. PN PN PN PN PN
If your VR IC does not incorporate these, they must 4 Sanyo 4SP2200M
go on the motherboard. = =
Refer to VR Supplier for Layout Guidelines =
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
VRM 8.4 1.0
. oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
mtéwoo PRAIRIE CITY RD INTEL (R) PCG =
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S 7 ° 5 NZ 4 S I 1

System vecasay vces 3 vees

N
No stuff. 5
For test only o
R280
R279 M
1 PWRBTN# o . 118
0K 16 IRRX 7]
No stuff. 396 o RTX A3 wy
IRTX
For test only| 1.0ur SW2 R270 P INFRARED
gy | gPx 7K 4 "
= 15 | KEY
VCC5  VCC5 VCC3_3 vees s VCE33 ¢ st s {6 |
PBSWITCH 7
PBTN_IN I
f > POWER SW.
R281 *—ho |
% 470 X— |
R124 < R99 283 11 ,
<’CC ]
19 IDEACTP# 10k 10K 10K s N s IDE_ACTIVE s H.D.LED
. L ha |
GND U1l 15 |
1 IDEACTS# SN74LVCO7A N :’C‘Cz VCC5 z e | KBV
! -t POWER LED
snrawvcora [0 R282 WRLED e | Kev
19
i 220 £
16 KEYLOCK# = = X
f KEYLOCK
bs |
vCcCe3_ 3 oo ACI7SPKR R SPEAKER
27428 R289 s |
P SPKR IN o 5 R SPKRIN Do | VCCs
1 FNT_PNL_CONN
3 & R290 i
RAASE " ICH SPKR R291 ;AM_.. SP1
3 SPKR SPKR Q1® 68 N
2.2K H C426 400 (247 17508
47K FAN Headers % f— p— p— SPKR NEG 2 |\eo
0.1UF | 470PF| 470PF
NSNS L
Speaker Circuit
veciz vCC12
VCC3SBY VCC3SBY
Q o
C392 G304 VCC3SBY
b1 TO.lUF . Io,lu]: vCgasBy VCeasByY
; E ; I
o2 o2
16 TACH1 “ 16 TACH2 = R275 14 12
330 On-Board LED indicates the
VCC12 \elei ¥ o oy revent SNTALVCOTA
o B
N g
C393 C391
a8 TO.lUF 326 IO.lUF
2 2 = L
o2 o2
16 M,—;l 16 M.,;l = INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
SYSTEM, PART 1 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG MR oS
FOLSOM, CA 95630 LAST REVISED: 515-00 35 or 41
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B 7 °
Power Connector and Reset Control R B e SRS SN
VCC3SBY VCC3SBY
D
Power Good Circuit 4
u10
VCC5SBY VCC5 D veezs
VCC 5- VCC5SBY -
- vceiz § v 1 VCC3SBY
VCC12- vces_® 1
7ALVC14A R94 SN74LVCO6A has 5V input tolerance
oK VCC5SBY . ||
JS 74LVC14A is 5V input tolerant (@] 1
vcessBy s R22 - 4
4 7K 11 33vi1 33v1 1 36 SN74LVCO6A 7eNe
12§ 1ov 33v2 -2
SLP S3# 7, e —84 enois onps 12 U9 VCC3SBY
14,32,36 . i SPSON 141 ps oy sva R95 s
7|GND @15 enpis GNDs +5—@ ¢ f
SN7ALVCO6A SN74LVCO6A is 5V output toleffance: ® 16 GND16 5V6 6 OK VC83SBY
@11 eno17 oNo7 +—@ Do Not Populate R95 c
= 18 | sv pw_ok 18 1.0UF
191 sv19 svsB {2 o v
20 10
5V20 12v 3 4,31’32
= 76N
SN74LVCO6A
Do Not Stuff
1 R87 For Debug Only
= - = M
4
a VRM PWRGD 220 Ohm Pull-up to 3.3V is on VRM Sheet =
Reset Button
Swi
pa 1 2 X B
R81 H H
=4 4 hsieog Resume Reset Circuitry
PBSWITCH 22 S h tt T . L .
- chmi rigger Logic
) JP13 e S using a 22r?1§ec deglla
Place JP13 Near Front Panel Header (J20) 0.01UF « 10UF g y
VCC3SBY VCC3SBY
= = = VCC3SBY
CLOCK POWERDOWN CONTROL Ugaly QRSMRST# o
14,32,36 m—SLP_S3# glzsz 7aLveiaa’| e
. | Do Not Stuif
VCC3SBY ! R128 For bebug only
= L
A
K PWRD R126 CK_PWRDN# ¢ - -
0K
D?fNR‘i‘ZSSt}JS”p%})ﬁ?;ng,’ Qfgg‘ﬁﬂﬂg Be De-Populated INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
= SYSTEM, PART 2 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@moo PRAIRIE CITY RD INTEL (R) PCG MR oS
5 | FOLSOM, CA 95630 msr‘wswsso 51500 36 or 41
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FOLSOM, CA 95630
2

3 | 4 | [9) 5] N2
PCI BUS v§es ICH CPU
8 PERR# PU , (P07 VECs RPS7 VCC3SBY 4
< SERR# pUCTAR o} @
13,17,18,30 1 a 2
PLOCK# SDONEPZ' 2
13,17,18 17 RP61
13,17,18,30 STOP# s s 6 14 5 SMBALERT# SRl 5
13171830 DEVSEL# & |5, |1 17 SBOP2 4 s 14 > LDRO#1 APICDO R13
13,17,18,30 TRDY# z 56K 14 > GPIO12 s 5 413 L
13.17,18,30 IRDY# 8 vees 12 GPIO13 4 s R11
Pind FRAME# DAV 413 . APICDL
13,17,1830 »—RAME# o | 27K 13—
pra 10
RP58 RP60
9 PULLUPIDOWN 18 SDONEP3 Ry yvain) 11,12,13,14,26,31 SMBDATA 1 8
RESISTOR PAK SBOP3
18 —57p) : : SMBCLK s ,
1 RP66 vCes 3 5 11,12,13,14,26,31 RP3
131718 PIRQ#D 17,18 PTMS ) . 14 >_INTRUDER# 4 N 413 NMI Lo a
w PIRQ#C 17.18 [RAhan ' CPUSLP#
13,17,18 2 561 Z7K 413 2 1
10131718 > PIRQ#B 4 | : vees 413 . STPCLK# s s
et PIRQ#A VCC3_3 ' SMi#
10,13,17,18,30 s 413 4 5
PREQ#3 s ) DAV
1330 prEQH2 27 RP59 RP56 150
13,18 PREO#1 - PU3 ACK64# ;T > & REQ#B/GPIO1 L INTR RP4
13,17 8 18 13 413 1 8
: PU3_REQ64# , 7 2 z '
1 PREQ#0 0 18 < 41315 INIT# 2 2
18 Eb,g Q(ég%ii . . 13 gg;r;séeplol 3 s e IGNNE# s
4 s 4 5 ' A20M#
opuLuPpOWN  VCC3_3 17 DA 13,16,18 DAA 4,13 4 s
RESISTOR PAK 2.7K 8.2K 150"
RP51
PGNT#0 Ress 1318 > PCPCLREQHA 4 219 &
13 1314 5 THERM# 2 2
PGNT#1 ) R14
1317 RCIN# s . FERR#
1318, PGNT#2 s 13,16 >— R 413 Mg
13.30> PONT#3 4 5 13,16 THYVN
Y 8.2K 8.2k
U LPC_SMi# JRped
14,16 GPIO7
14,18 For Future Compatibility Upgrade
6
UNUSED GATES vogssaY s riz
82K 4 RTTCTRL g
RP55 107
Py vyl 4 SLEWCTRL _ R28 .
VCC3_3 VCC3SBY 14 GPIO22 2 z 116" )
5 o LPC_PME# s .
14,16 GPIO21
14,18 4 s =
8.2K
vCces
RP52
1 [ Aa/~~] 8
2 7
VCC5SBY 13,19 :EQE s 5
[®) 13,19 Q 4 5
8.2K
R263
14,27.26 AC_SDINO = —
14,27 > AC_SDINL .
10
- 1 INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
= PULLUP/PULLDOWN RESISTORS 1.0
. oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@moo PRAIRIE CITY RD INTEL (R) PCG MR oS
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370-pin Socket Decoupling

VCCVID Decoupling
Place in 370 PGA Socket Cavity

VCCVID

Bulk Decoupling
1206 Packages

4.7UF
VTT Decoupling
0603 Package placed within 200mils of VTT Termination R-packs
One Capacitor for every 2 R-Packs
VTTL 5
h + ce Cc93 C134 Cc120 C15 C18 C94 C129 Cc128 cr7 C73 C79 Cc119 C34 Cc32 C75

INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD

REV:

FOLSOM, CA 95630
2

VRM DECOUPLING 1.0
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‘ LAST REVISED: 515-00 38 or4l




1 o

VCC3SBY

vcel_8

GMCH Decoupling

vcel 8

L
10UF |
o _|C198 |c131 |cio7 |Ciz7 | Caz8 | C135

3
N 0.1UFT~ 0UFT~ 0.LUFT~ 0.1UF T~ 0.LUFT~ 0.1UF

Ve
z 1

Place on backside, No Pop C428
GMCH Core Plane Decoupling:
= Place 1 .1uF/.01uF pair in each corner,
and 2 on opposite sides close

to component if they fit.

Place on backside, No Pop C429, C430

VDDQ
GMCH 3.3V 10 Decoupling:
Place near GMCH Display Cache Quadrant

DRAM, Chipset, and Bulk Power Decoupling

Display Cache Decoupling

VD(D)Q Distribute near the power pins
of both SDRAM components.

ca3g™ CZ{’A C275 | C276 | C243 | C277| C273| C272| C274

co81
T9.1UF ~T0.1UF T0.1UF T0.1UF T01UF T01UF [O.1UF DIUF
1008 1008
~ ~
L * L 4 L L L

System Memory Decoupling

VCC3SBY
DIMMO Decoupling:
Distribute near DIMMO Power Pins.

22UF |,

g _|c1 |ca2 |caoa c246 | C58
g

0.1UFT~ 0AUFT~ 0.LUFT~ 0.LUFT 0. 0.1UF

Py hY

T z 1
e 3
8

c

c432 c431 | cass
I u.luj u.luj 0.1UF

Distribute as close as possible to
GMCH System Memory Quadrant

.1 uF on back side. Do not populate.

VCC3SBY
DIMM1 Decoupling:

Py
o o | cos |cuae | coos
Y =
c435 | c434 | caz7 0.1UF UFT™ 0.1UF
0.01UF | 0.01UF | 0.01UF | 0.01UF | 0.01UF | 0.01UF | 0.014F | 0.01UF | 0.01UF | 0.01UF
L

22UF |

~

.01 uF on back side. Do not populate.

INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
DRAM, ICH, AND GMCH DECOUPLING 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@moo PRAIRIE CITY RD INTEL (R) PCG 'NSLEELE@ B8
FOLSOM, CA 95630 LAST REVISED: 51500 39 or41
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Distribute near DIMM1 Power Pins.

ICH Decoupling

ICHO 3.3V Plane Decoupling:

vces_3

if they fit.

Bulk Power Decoupling

VCes 3 ele'; VCC_5-

7 N
0.1U1 0.1UF o 0.1u 0.1UF [+

| 22UF o | C80

P [ q

3 VOLT Decoupling

vces_3

L L [ L
- | caz1 | 22UF b
L% | css | c2s . car9 | cars c2 | ca _l

01U

Place 1 .1uF/.01uF pair in each corner,
and 2 on opposite sides close to component

VCC12

0.1UF

c241
[+

Distribute near the 1.8V
power pins of the ICH

vcel 8

Distribute near the VCCSUS
power pins of the ICH

VCC3SBY
o

L
- ?382 casL

™~ 0.1UF

c286
0.1UF

2.2UF

VCC12-

c365 |cC311 | C349 c19

01UF ™ 0.1UF [OAUF [ o.1uF

| 220F

L

“|22UF | c3s2 | ca13 | ca10 | c3sa
T 0.1UF 0.1UF 01UF [0.1UF
| ca66

L




3) ! 7
D|
HL[10:0] 929 PROBE CONNECTOR
9,13
6 .HUBPRB 3V66 42 ; HUB?EF. 8,913 1
HLO 6 5
8 7
HL1 b 10 9
12 1
HL2 b 14 13
> 16 15
HL3 ¢ 18 17
2 19 cl
HL9 2 21
o 2 2
9,13 HLSTB 26 2
913 m HLSTB# 28 27
30 2
HL10 b 32 31
_— 3 VCC1_8
HL8 b 36 35 -
38 37
HL4  w % K]
> 2 a1
HL5 b 23 43
HL6 46 a5
P a1
HL7 50 49
P08-050-SL-A-G
B
A
INTEL(R) 82815 CHIPSET CUSTOMER REFERENCE BOARD REV:
DISPLAY CACHE 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
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Revision History

- Initia releaserevision 1.0
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