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Introduction

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

This document contains design recommendations, board schematics, debug recommendations, and a
system checklist. These design guidelines have been devel oped to ensure maximum flexibility for board
designers while reducing the risk of board-related issues.

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

1.1. Reference Documents

Design Guide

¢ Intel® 815 Chipset Family: 82815 Graphics and Memory Controller Hub (MCH) Datasheet
(document number: 290688)
(http://devel oper.intel .com//design/chi psets/designex/298234.htm)]

o Intel® 82802AB/82802AC Firmware Hub (FWH) Datasheet (document number: 290658)
¢ |ntel® 82801BA 1/0O Controller Hub (ICH2) Datasheet (document number: 290687)

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

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

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

e Pentium® Il Processor Specification Update (latest revision from website)

e AP 907 Pentiun® IIl Processor Power Distribution Guidelines (document number: 245085)
e AP-585 Pentiun Il Processor AGTL+ Guidelines (document number: 243330)

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

e PCI Local Bus Specification, Revision 2.2

e Universal Serial Bus Specification, Revision 1.0

¢ VRM 8.4 DC-DC Converter Design Guidelines (when available)
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System Overview

The Intel® 815E chipset contains a Graphics Memory Controller Hub (GMCH) component and 1/0
Controller Hub 2 (ICH2) component for desktop platforms.

The GMCH provides the processor interface (optimized for the Intel® Pentium®IIl processors and Intel®
Celeron™ processors), DRAM interface, hub interface, and an AGP interface or internal graphics.This
product provides flexibility and scalability in graphics and memory subsystem performance. Competitive
internal graphics may be scaled viaan AGP card interface and PC100 SDRAM system memory may be
scaled to PC133 system memory.

The Accelerated Hub Architecture interface (i.e., the chipset component interconnect) is designed into
the chipset to provide an efficient, high-bandwidth communication channel between the Intel® 815E
chipset’s graphics and memory controller hub 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® 815E chipset platform can support the Full-on (S0), Slop Grant (S1), Suspend
to RAM (S3), Suspend to Disk ($4), and Soft-off (S5) power management states. The chipset also supports
wake-on-LAN" for remote administration and troubleshooting. The chipset architecture removes the
requirement for the ISA expansion bus that was traditionally integrated into the I/O subsystem of
PClsetsAGPsets. This removes many of the conflicts experienced when installing hardware and drivers
into legacy 1SA systems. The elimination of 1SA 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 1SA devices.

System Features

The Intel® 815E chipset contains twocomponents: the 82815 Graphics and Memory Controller Hub
(GMCH) and the 82801BA 1/0O Controller Hub 2 (ICH2). 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 ICH2. The ICH2 integrates an UltraATA/100 controller, 2 USB host controllers
with atotal of 4 ports, LPC interface controller, FWH interface controller, PCl interface controller,

AC' 97 digital link, integrated LAN controller, and a hub interface for communication with the GMCH.
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Figure 1. System Block Diagram
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Component Features

Figure 2. Component Block Diagram
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Intel® 82815 GMCH

Processor/System Bus Support

Optimized for the Intel® Pentium® Il processor at 133-MHz system bus frequency
Support for Intel® Celeron™ processors (FC-PGA) 533A MHz and >566 MHz (66 MHz
system bus)

Supports 32-bit AGTL+ bus addressing (no support for 36-bit address extension)
Supports uniprocessor systems

AGTL+ bus driver technology (gated AGTL+ receivers for reduced power)

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 devices width

Refresh mechanism: CAS-before-RAS only

Support for DIMM seria PD (presence detect) scheme via SMbus interface
STR power management support via self-refresh mode using CKE
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Accelerated Graphics Port (AGP) Interface

Supports AGP 2.0, including 4X AGP data transfers, but not the 2X/4X Fast Write protocol
AGP universal connector support via dual-mode buffersto allow AGP 2.0 3.3-V or 1.5-V
signaling

32-deep AGP request queue

AGP address trandlation 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 is therefore not
coherent with the processor caches.

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/DV D decode

Digital Video Out interface adds support for digital displaysand TV-Oui.

PCOX compliant

Integrated 230-MHz DAC

Integrated Local Graphics Memory Controller (Display Cache)

0MB to4 MB (viaAIMM) using zero, one or two parts
32-bit datainterface

133-MHz memory clock

Supports ONLY 3.3-V SDRAMs

Packaging/Power

544 BGA with local memory port
1.85-V (£ 3% within margins of 1.795V to 1.9 V) core and mixed 3.3-V, 1.5-V and AGTL+
110
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1.2.2.2. Intel® 82801BA 1/0 Controller Hub 2 (ICH2)

The 1/O Controller Hub 2 alows the I/0 subsystem to access the rest of the system, asfollows:
e Upstream accelerated hub architecture interface for access to the GMCH
e PCI 2.2 interface (6 PCl Reg/Grant pairs)

e Bus master IDE controller: supports Ultra ATA/100
e USB controller

e [/OAPIC

e SMBus controller

e FWH interface

e LPC interface

e AC97 2.linterface

¢ Integrated system management controller

e Alert-on-LAN*

e Integrated LAN controller

e Packaging / power
— 360 EBGA
— 1.8-V coreand 3.3-V standby

1.2.2.3. Firmware Hub (FWH)

The hardware features of this device include:
e Anintegrated hardware Random Number Generator (RNG)
Register-based locking

Hardware-based locking
5GPls

Packaging/Power
— 40L TSOPand 32L PLCC
— 3.3V coreand 3.3V / 12V for fast programming
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Platform Initiatives

Intel® PC 133

Intel PC133 initiative provides the memory bandwidth necessary to obtain high performance from the
Intel® Pentium® Il processor and AGP graphics controllers. The Intel® 815E chipset's 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 /0 speedsincrease, the demand placed on the PCI bus by the 1/O bridge becomes significant. With
the addition of AC’97 and Ultra ATA/100, coupled with the existing USB, 1/0O requirements could
impact PCI bus performance. The Intel® 815E chipset’s accelerated hub architecture ensures that the 1/0
subsystem, both PCI and the integrated 1/0 features (IDE, AC'97, USB, LAN), receives adequate
bandwidth. By placing the 1/O bridge on the accel erated hub architecture interface instead of PCI, 1/O
functions integrated into the ICH2 and the PCI peripherals are ensured the bandwidth necessary for peak
performance.

Internet Streaming SIMD Extensions

The Intel® Pentium®IIl 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 MM X 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 over 1 GB/s, 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.

Integrated LAN Controller

The Intel® 815E chipset platform incorporates an ICH2 integrated LAN Controller. Its bus master
capabilities enable the component to process high-level commands and perform multiple operations; this
lowers processor utilization by off-loading communication tasks from the processor.

The ICH2 functions with several options of LAN connect components to target the desired market
segment. The 82562EH provides a HomePNA 1-Mbit/sec connection. The 82562ET provides abasic
Ethernet 10/100 connection. The 82562EM provides an Ethernet 10/100 connection with the added
flexibility of Alert on LAN.
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Ultra ATA/100 Support

The Intel® 815E chipset platform incorporates the ICH2 | DE controller with two sets of interface signals
(primary and secondary) that can be independently enabled, tri-stated or driven low. The platform
supports Ultra ATA/100 for transfers up to 100M B/sec, in addition to Ultra ATA/66, and Ultra ATA/33
modes.

Expanded USB Support

The Intel® 815E chipset platform contains two USB Host Controllers. Each Host Controller includes a
root hub with two separate USB ports each, for atotal of 4 USB ports. The addition of a second USB
Host Controller expands the functionality of the platform.

Manageability and Other Enhancements

The Intel® 815E chipset platform integrates several functions designed to manage the system and lower
the total cost of ownership (TCO) of the system. The platform supports all featuresin the Intel® 815E
chipset, in addition to the following features. These system management functions are designed to report
errors, diagnose the system, and recover from system lockups, without the aid of an external
microcontroller.

SMBus

The ICH2 integrates a SMBus controller. The SMBus provides an interface for managing peripherals
such as serial presence detection (SPD) and thermal sensors. The save interface allows an external
microcontroller to access system resources.

Interrupt Controller

The interrupt capabilities of the Intel® 815E chipset platform expand support for up to 8 PCI interrupt
pins and PCI 2.2 message-based interrupts. In addition, the ICH2 supports system businterrupt delivery.

Firmware Hub (FWH)

The Intel® 815E chipset platform supports firmware hub BIOS memory sizes up to 8 MB for increased
system flexibility.
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AC’97 6-Channel Support

The Audio Codec '97 (AC'97) Specification defines adigital interface that can be used to attach an
audio codec (AC), amodem codec (MC), an audio/modem codec (AMC), or both an AC and aMC. The
AC' 97 Specification defines the interface between the system logic and the audio or modem codec
known asthe AC’ 97 Digital Link.

The Intel® 815E chipset’s AC' 97 (with the appropriate codecs) not only replaces |SA audio and modem
functionality, but also improves overall platform integration by incorporating the AC’ 97 digital link.
Using Intel® 815E chipset’sintegrated AC’ 97 digital link reduces cost and eases migration from I SA.

By using an audio codec, the AC'97 digital link allows for cost-effective, high-quality, integrated audio
on the Intel® 815E chipset platform. In addition, an AC’ 97 soft modem can be implemented with the use
of amodem codec. Several system options exist when implementing AC’ 97. The Intel® 815E chipset's
integrated digital link allows several external codecs to be connected to the ICH2. The system designer
can provide audio with an audio codec, a modem with a modem codec, or an integrated audio/modem
codec (Figure 3}). The digital link is expanded to support two audio codecs (Figure 3p) or acombination
of an audio and modem codec (Figure 3).

Modem implementation for different countries must be taken into consideration, as telephone systems
may vary. By implementing a split design, the audio codec can be on board and the modem codec can be
placed on ariser. Intel is developing a Communications and Networking Riser connector.

Thedigital link inthe ICH2 is AC'97 Rev. 2.1 compliant, supporting two codecs with independent PCI
functions for audio and modem. 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 the
appropriate modem codec.

The Intel® 815E chipset platform expands audio capability with support for up to six channels of PCM
audio output (i.e., full AC3 decode). Six-channel audio consists of Front Left, Front Right, Back Left,
Back Right, Center and Woofer, for a complete surround sound effect. |CH2 has expanded support for
two audio codecs on the AC' 97 digital link.
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Figure 3. AC'97 Audio and Modem Connections
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Low-Pin-Count (LPC) Interface

In the Intel® 815E chipset platform, the Super 1/0 (SIO) component has migrated to the Low-Pin-Count
(LPC) interface. Migration to the LPC interface allows for lower-cost Super 1/0 designs. The LPC Super
I/O component requires the same feature set astraditional Super 1/0 components. It should include a
keyboard and mouse controller, floppy disk controller, and serial and parallel ports. In addition to the
Super /O features, an integrated game port is recommended because the AC’ 97 interface does not
provide support for a game port. In systems with |SA 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 1/0 vendor for a comprehensive list of the devices offered and
the features supported.

In addition, depending on system requirements, specific system 1/0O requirements may be integrated into
the LPC Super 1/0O. For example, a USB hub may be integrated to connect to the ICH2 USB output and
extend it to multiple USB connectors. Other SIO integration targets include a device bay controller or an
| SA-IRQ-to-serial-IRQ converter to support a PCI-to-1SA bridge. Contact your Super 1/0 vendor to
ensure the availability of desired LPC Super /O features.

Security — The Intel® Random Number Generator

The Intel® 815E chipset based system contains the first of Intel’s platform security features, the Intel®
Random Number Generator (RNG). The Intel® RNG is a component of the 82802 Firmware Hub
(FWH), and it supplies applications and security middleware products with true non-deterministic
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 such purposes as key
generation. One attack on those cryptographic functions isto predict the random numbers being used to
generate those keys. Current methods that use system and user input to seed a pseudo-random number
generator have proved vulnerable to such attacks. The RNG uses thermal noise across aresistor to
generate true non-deterministic, unpredictable random numbers.

Applications often access cryptographic functions through security middleware products such as
Microsoft's CAPI*, RSA's BSAFE*, and the OpenGroup's CDSA*. Intel isworking 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, it is possible to ensure that the
Intel® RNG is enabled for a platform design.
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The ICH2BIOS Specification contains complete details regarding 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 (OS) to use the Random Number Generator through the Security Driver. The
devnode is required for the OS to find the FWH at enumeration time, and the specific devnode number
associates the FWH with the Security Driver.

The BIOS must report a single device node for the FWH.
Intel ®-specific EISA 1D (devnode number must be INT0800)
Device type: System peripherals/ other

Device attrib: Non-configurable and cannot be disabled
ANSI ID gtring: “Intel FWH”

Memory range descriptor: Describing feature space

For PnP OSes, BIOS ranges are allocated through E820h and ACPI structures, asin current
B1OSes.

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

A complete Intel® 815E chipset-based 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://devel oper.intel.com/design/chipsets/drivers/SWDev/.
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General Design Considerations

2.1.

This section documents motherboard layout and routing guidelines for Intel® 815E chipset-based
systems. This section 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,
critical signals should be simulated to ensure the proper signal integrity and flight time. Any deviation
from these guidelines should be simulated.

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

Coupling between two tracesis 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 Stack-up

The Intel® 815E chipset platform requires a board stack-up yielding a target impedance of 60 Q + 15%
with a5-mil nominal trace width. The following figure presents an example stack-up that achieves this. It
isa4-layer printed circuit board (PCB) construction using 53%-resin FR4 material.

Figure 4. Board Construction Example for 60-Q Nominal Stack-up

Design Guide

| Component-side layer 1: %2 0z. Cu | ZY
4.5-mil prepreg
| Power plane layer 2: 1 0z. Cu |

. Total thickness:
~48'm|l core 62 m|IS

| Ground layer 3: 1 oz. Cu |
4.5-mil prepreg
| Solder-side layer 4: 2 oz. Cu | v

board_4.5mil_stackup
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Component Quadrant Layouts

Figure 5. Intel® 82815 GMCH 544-mBGA Quadrant Layout (Top View)
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The previous figure illustrates the relative signal quadrant locations on the 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 6. ICH2 Quadrant Layout (Top View)
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The diagram in the previous figure illustrates the relative signal quadrant locations on the ICH2 ballout.
It does not represent the actual ballout. Refer to the Intel® 82801BA 1/0 Controller Hub 2 (ICH2)
Datasheet for the actual ballout.
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Figure 7. Firmware Hub (FWH) Packages
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System Bus Design Guidelines

4.1.

4.1.1.

Note:

4.2.

4.2.1.

Design Guide

Introduction

The newest generation of the Intel® Pentium® I processor delivers higher performance by integrating the
Level 2 cache into the processor and running it at the processor's core speed. The Intel® Pentium® II1
processor runs at a higher core and system bus speeds than previous-generation | A-32 processors, while
maintaining hardware and software compatibility with earlier Intel® Pentium® 11l processors. New Flip
Chip-Pin Grid Array (FC-PGA) package technology enables compatibility with the PGA370 socket.

This section presents the design considerations for flexible platforms capable of using the Intel® 815E
chipset with the full range of Intel® Pentium® 11l processors using the PGA370 socket.

Terminology

For this document, the following terminology applies:

e Flexible PGA370 refers to new-generation Intel® 815E chipsets using the new, “flexible’ PGA370
socket. In general, these designs support 100/133-MHz system bus operation, VRM 8.4 DC-DC
converter guidelines, and the Intel® Pentium® 11 processor (FC-PGA)) in single-microprocessor
based designs.

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

System Bus Routing Guidelines

The following layout guide supports designs using Intel® Pentium® 111 processors with the Intel® 815E
chipset. The solution covers system bus speeds of 100/133 MHz for Intel® Pentium® Il processors. The
solution proposed in this section requires the motherboard design to terminate the system bus AGTL +
signals with 56 Q +5% Rt resistors. Intel® Pentium® 11l processorsin FC-PGA must aso be configured
to 110-Q internal Rtt resistors.

Initial Timing Analysis

The following table lists the AGTL+ component timings of the processors and Intel® 815E chipset's
GMCH defined at the pins. These timings are for reference only. Obtain each processor’s
specifications from itsrespective processor electrical, mechanical, and thermal specification and
the appropriate Intel® 815E chipset component specification.
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Table 1. Intel® Pentium® Il Processor AGTL+ Parameters for Example Calculations

IC Parameters Intel® Pentium® 11l Processor (FC-PGA) 82815 GMCH | Notes
at 133-MHz System Bus
Clock to Output maximum 3.25 ns (for 66/100/133-MHz system bus 4.1 2
(Tco_max) speeds)
Clock to Output minimum (Tco_min) | 0.40 ns (for 66/100/133-MHz system bus) 1.05 2
Setup time (Tsu_miN) 1.20 ns for BREQ Lines 2.65 2,3

0.95 for all other AGTL+ Lines @ 133 MHz

1.20 ns for all other AGTL+ Lines @
66/100 MHz

Hold time (THoLp) 1.0 ns (for 66/100/133-MHz system bus 0.10
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 GMCH sees a minimum edge rate equal to 0.3 V/ns.

The following table contains an example AGTL+ initial maximum flight time, and[Table 3]contains an
example minimum flight time calculation for a 133-MHz, uniprocessor system using the Intel® Pentium®
1l processor (FC-PGA) and the Intel® 815E chipset’s system bus. Note that assumed values were used
for the clock skew and clock jitter. The clock skew and clock jitter values depend on the clock
components and the distribution method chosen for a particular design and must be budgeted into
theinitial timing equations, asappropriate for each design.

The following table and [T able 3|were derived assuming the following:

e CLKsew =0.20 ns (Note: This assumes that the clock driver pin-to-pin skew is reduced to 50 ps by
tying the 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 aswell as the use of a clock driver that meets the CK-
815 Clock Synthesizer/Driver Specification.)

o CLKJ|TTER =0.250 ns
See the respective processor’ s electrical, mechanical, and thermal specification, the appropriate Intel®
815E chipset documentation, and the CK-815 Clock Synthesizer/Driver Specification for details on 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 Tg 1 wax Calculations for 133-MHz Bus

Intel® 815E Chipset Platform

Driver Receiver Clk Tco MAX | Tsu MIN |Clkskew | CIkgITTER | MADJ | Recommended
Period2 - - TELT_MAX
Processor | GMCH 7.50 3.25 2.65 0.20 0.25 0.40 1.1
GMCH Processor 7.50 41 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 T ; yy Calculations (Frequency Independent)
Driver Receiver THOLD | CIkSKEW | 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 margin to account for the following phenomena that Intel observed
when multiple bits are switching simultaneously. These multi-bit effects can adversely affect the flight
time and signal quality and sometimes are not accounted for during 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, requiring extrapolation that causes additional delay

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

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

¢ The effective board propagation constant (SEFF), which is a function of:

Dielectric constant (er) of the PCB material

Type of trace connecting the components (stripline or microstrip)

Length of the trace and the load of the components on the trace. Note that the board

propagation constant multiplied by the trace length is a component of the flight time, but 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
preliminary Intel® 815E chipset package models. Refer to the Intel® Celeron™ processor datasheet and
the Intel® Pentium® |11 processor for the PGA370 socket datasheet for detailed information on processor
signal groups and pin definitions.

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. There is no termination present at the
chipset end of the network. Due to the lack of termination, SET will exhibit much more ringback than the
dual-terminated topology. Extra care will be required in SET simulations to make sure that the ringback
specs are met under the worst-case signal quality conditions. Intel® 815E chipset designs require all
AGTL+ signals to be terminated with a 56-Q termination on the motherboard. To ensure processor signal
integrity requirements, it is highly recommended that all system bus signal segments bereferenced to
the ground planefor theentireroute.

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

Vit
56 Q
L1 L3 1o PGA370
GMCH < P> Socket
L(1):  Z,=60 Q% 15%
sys_bus_topo_PGA370
Table 4. Segment Descriptions and Lengths for
Segment Description Min. Length (inches) Max. Length (inches)

L1+L2 GMCH to Rtt stub 1.90 4.50
L2 PGA370 pin to Rtt stub 0.0 0.20
L3 Rtt stub length 0.50 2.50
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NOTES:
1. All AGTL+ bus signals should be referenced to the ground plane for the entire route.

Design Guide




Intel® 815E Chipset Platform

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

e Useanintragroup AGTL+ spacing : line width : dielectric thicknessratio 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 greater than 6 mils.

The following table contains the trace width:space ratios assumed for this topology. Three types of cross-
talk 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 from AGTL+ signals in a particular group to
AGTL+ signalsin adifferent group. An example of AGTL+ to non-AGTL+ cross-talk iswhen CMOS
and AGTL+ signalsinterfere with each other.

Table 5. Trace Width:Space Guidelines

43.1.1.

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 non-AGTL+ 5:20 or 6:24

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

Motherboard Layout Rules for AGTL+ Signals

Ground Reference

It is strongly recommended that AGTL+ signals be routed on the signal layer next to the ground layer
(referenced to ground). It isimportant 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

Splitsin reference planes disrupt signal return paths and increase overshoot/undershoot due to
significantly increased inductance.
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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 istight, break out from the
connector on the opposite routing layer over a ground reference and cross over to main signal layer near
the processor connector.

Following the previously mentioned layout rulesiscritical for AGTL+ signal integrity, particularly for
the 0.18-micron process technol ogy.

Minimizing Cross-Talk

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

Maximize the space between traces. Wherever possible, maintain a minimum of 10 mils (assuming a
5-mil trace) between trace edges. 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 that
they are close together 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 arule of thumb, route adjacent layers orthogonally.

Since AGTL+ isalow-signal-swing technology, it isimportant to isolate AGTL+ signals from other
signals by at least 25 mils. Thiswill avoid coupling from signals that have larger voltage swings,
such as 5-V PCI.

AGTL+ signals must be well isolated from system memory signals. AGTL+ signal trace edges must
be at least 30 mils from system memory trace edges within 100 mils of the ball of the Intel® 82815
GMCH.

Select aboard 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 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 means of narrower traces
and/or by using thinner copper, but the trade-off for this smaller cross-sectional areais higher trace
resistivity, which can reduce the falling-edge noise margin because of the I*R loss along the trace.
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4.3.1.2. Motherboard Layout Rules for Non-AGTL+ (CMOS) Signals

Table 6. Routing Guidelines for Non-AGTL+ Signals

Signal Trace Width Spacing to Other Traces Trace Length
A20M# 5 mils 10 mils 1"t09”
FERR# 5 mils 10 mils 1”10 9"
FLUSH# 5 mils 10 mils 1"t09”
IERR# 5 mils 10 mils 1"t09”
IGNNE# 5 mils 10 mils 1”10 9"
INIT# 5 mils 10 mils 1"t09”
LINT[O] (INTR) 5 mils 10 mils 1"t09”
LINT[1] (NMI) 5 mils 10 mils 1"t09”
PICD[1:0] 5 mils 10 mils 1"t09”
PREQ# 5 mils 10 mils 1"t09”
PWRGOOD 5 mils 10 mils 1"t0 9"
SLP# 5 mils 10 mils 1"t09”
SMI# 5 mils 10 mils 1"t09”
STPCLK 5 mils 10 mils 1"t09”
THERMTRIP# 5 mils 10 mils 1"t0 9"

NOTES:

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

4.3.1.3. THRMDP and THRMDN
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.

Figure 9. Routing for THRMDP and THRMDN

Signal Y i
1 — Maximize (min. — 20 mils)
v
THRMDP Y
2 — Minimize
v
THERMDN ry
1 — Maximize (min. — 20 mils)
Signal Z v
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
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4.3.1.4. Additional Routing and Placement Considerations

e Distribute VTT with awidetrace. A 0.050” minimum trace is recommended to minimize DC | osses.
Route the VTT trace to all components on the host bus. Be sure to include decoupling capacitors.

e TheVTT voltage should be 1.5 V + 3% for static conditions, and 1.5 V + 9% for worst-case
transient conditions.

o Placeresistor divider pairsfor Vger generation at the GMCH component. Vger 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. Thiswill allow the designer to independently modify the reference voltage to
each component for debug purposes. The recommended GTLREF circuit topology is shown the figure
below.

Figure 10. GTLREF Circuit Topology

\ans

T

R4 (No-Pop) R1
750 75Q

GMCH <+—+——A/N\/\v—9—> Processor
R3
0Q

R5 (No-Pop) R2
150 Q 150 @

gtiref_circuit

e Normal shared GTLREF (one source, routed to both the GMCH and CPU)
— Populate R1, R2, and R3 with values shown
— Do NOT Populate R4 and R5

¢ Independent GTLREF 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.
¢ Route GTLREF with aswide atrace as possible.

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

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

There are several electrical changes between the legacy PGA370 and flexible PGA370 design, as follows:

Changes to the PGA370 socket pin definitions. Intel® Pentium® [l processors (FC-PGA) utilize a
superset of the Intel® Celeron™ processor (PPGA) pin definition.

Addition of VTT (AGTL+ termination voltage) delivery to the PGA370 socket.

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

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

Addition of on-die Rtt (AGTL+ termination resistors) for the FC-PGA processor. The requirement
for on-motherboard Rtt implementation remains if supporting the Intel® Celeron™ PPGA processor.
If only supporting FC-PGA processors, the reset signal (RESET#) still requires termination to V1T
on the motherboard.

39



Intel® 815E Chipset Platform

4.5.

40

PGA370 Socket Definition Details

intal

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 of thistable for
compatibility concerns regarding these pin changes.

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

Pin # Legacy Flexible Function Type Notes
PGA370 Pin PGA370
Name Pin Name

A29 Reserved DEP7# Data bus ECC data AGTL+, I/O 2
A31 Reserved DEP3# Data bus ECC data AGTL+, I/0 2
A33 Reserved DEP2# Data bus ECC data AGTL+, I/O 2
AA33 Reserved V1T AGTL+ termination voltage Power/other 4
AA35 Reserved V1T AGTL+ termination voltage Power/other 4
AC1 Reserved A33# Additional AGTL+ address AGTL+, I/0 2
AC37 Reserved RSP# Response parity AGTL+, | 2
AF4 Reserved A35# Additional AGTL+ address AGTL+, 110 2
AH20 Reserved V1T AGTL+ termination voltage Power

AH4 Reserved RESET# Processor reset (used by the Intel® AGTL+, | 3

Pentium® 11l processor FC-PGA)

AJ31 GND BSEL1 System bus frequency select CMQOS, 1/0 1
AK16 Reserved V1T AGTL+ termination voltage Power

AK24 Reserved AERR# Address parity error AGTL+, /0 2
AL11 Reserved APO# Address parity AGTL+, I/0 2
AL13 Reserved V1T AGTL+ termination voltage Power

AL21 Reserved V1T AGTL+ termination voltage Power

AM2 GND Reserved Reserved Reserved 1
AN11 Reserved V1T AGTL+ termination voltage Power

AN13 Reserved AP1# Address parity AGTL+, /0 2
AN15 Reserved V1T AGTL+ termination voltage Power
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Pin # Legacy Flexible Function Type Notes
PGA370 Pin PGA370
Name Pin Name
AN21 Reserved V1T AGTL+ termination voltage Power/other 4
AN23 Reserved RP# Request parity AGTL+, I/O
B36 Reserved BINIT# Bus initialization AGTL+, I/0 2
Cc29 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 V1T 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+, 110 2
G35 Reserved V1T AGTL+ termination voltage Power/other
G37 Reserved See Note 5
S33 Reserved V1T AGTL+ termination voltage Power/other 4
S37 Reserved V1T AGTL+ termination voltage Power/other 4
u3s Reserved V1T AGTL+ termination voltage Power/other 4
u3s7 Reserved VTT AGTL+ termination voltage Power/other 4
Reserved BERR# Bus error AGTL+, I/O 2
W3 Reserved A34# Additional AGTL+ address AGTL+, I/0 2
RESET# RESET2# Processor reset (used by the Intel® AGTL+, | 3
Celeron™ processor (PPGA))
Reserved A32# Additional AGTL+ address AGTL+, I/O 2
Y33 GND CLKREF 1.25-V PLL reference Power 1
NOTES:
1. Thesesignalsare defined as ground (Vss) in legacy designs utilizing the PGA 370 socket. For new

flexible PGA370 designs, use the new signal definitions. These new signal definitions are
backwards compatible with the Intel® Celeron™ processor (PPGA).

While these signals are not used with Intel® 815E chipset designs, they are available for chipsets
that do support these functions. Only the Intel® Pentium® 111 processor (FC-PGA) offers these
capabilities in the PGA370 platform.

The AGTL+ reset signal, RESET#, isdelivered to pin X4 on legacy PGA370 designs. In flexible
PGA370 designs, it isdelivered to X4 and AH4 pins.

RESET2# s not required for platforms that do not support the Intel® Celeron™ processor. Pin X4
should then be connected to ground.

These pins must be connected to the 1.5-V V7T plane.

This pin must be connected to VTT for platforms using the Intel® Pentium® |11 processor based on
the cA2 stepping. Refer to the Intel® Pentium® 111 processor specification update for stepping
details.
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Table 8. Processor Pin Definition Comparison

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

A29 Reserved Reserved DEP7# Data bus ECC data

A31 Reserved Reserved DEP3# Data bus ECC data

A33 Reserved Reserved DEP2# Data bus ECC data

AA33 Reserved Reserved V1T 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 V1T AGTL+ termination voltage
AH4 Reserved Reserved RESET# Processor reset (used by the Intel®
Pentium® Il processor in FC-PGA)

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 V1T AGTL+ termination voltage
AL21 Reserved Reserved V1T AGTL+ termination voltage
AM2 GND Reserved Reserved Reserved

AN11 Reserved Reserved V1T AGTL+ termination voltage
AN13 Reserved Reserved AP1# Address parity

AN15 Reserved Reserved V1T AGTL+ termination voltage
AN21 Reserved Reserved V1T 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 V1T AGTL+ termination voltage
E29 Reserved Reserved DEP6# Data bus ECC data

E31 Reserved Reserved DEP4# Data bus ECC data

G35 Reserved Reserved V1T AGTL+ termination voltage
S33 Reserved Reserved V1T AGTL+ termination voltage
S37 Reserved Reserved VTT AGTL+ termination voltage
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Pin # Intel® Celeron™ Intel® Intel®® Function
Processor Celeron™ Pentium® Il
(PPGA) Pin Processor Processor
Name FC-PGA Pin FC-PGA
Name Pin Name
u3s Reserved Reserved V1T AGTL+ termination voltage
u3s7 Reserved Reserved V1T AGTL+ termination voltage
V4 Reserved Reserved BERR# Bus error
W3 Reserved Reserved A34# Additional AGTL+ address
X4 RESET# RESET# RESET2# Processor reset (used by the Intel®
Celeron™ processors)
X6 Reserved Reserved A32# Additional AGTL+ address
Y33 GND Reserved CLKREF 1.25-V PLL reference

BSEL[1:0] Implementation Differences

An Intel® Pentium® |1l processor in an FC-PGA utilizes the BSEL 1 pin to select either the 100-MHz or
133-MHz system bus frequency setting from the clock synthesizer. While the BSEL O signal is till
connected to the PGA370 socket, an Intel® Pentium® 111 processor in an FC-PGA does not utilize it. Only
Intel® Celeron™ processorsin a PPGA tilize the BSELO signal. Intel® Pentium® 11l processorsin an FC-
PGA are 3.3-V tolerant for these signals, as are the clock and chipset. However, the Intel® Celeron™
PPGA processor utilizes 2.5-V logic levels on the BSEL signals. Therefore, flexible PGA370 designs
utilize 2.5-V logic levels on the BSEL[1:0] signals to support the widest range of processors.

CK-815 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 (BSEL 1) during power-on and then 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] now are pulled up using 1-kQ resistors. Also refer to

Figure 12]for more details.

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

Design Guide
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Processor
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sys_bus_BSEL_PGA370
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CLKREF Circuit Implementation

The CLKREF input, utilized by the Intel® Pentium® 11l processor (FC-PGA), requires a 1.25-V source. It
can be generated from a voltage divider on the Vcc2.5 or Vcc3.3 sources utilizing 1% tolerance resistors.
A 4.7-uF decoupling capacitor should be included on thisinput. See the following figure and the
following table for example CLKREF circuits. Do not use VTT asthe source for thisreference!

Figure 12. Examples for CLKREF Divider Circuit

PGA370 PGA370
Vee2.5 Vee3.3
CLKREF CLKREF
Y33 Y33
150 Q R1
150 Q T 47k R2 T 47pF

- - 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 shrink due to thinner gate oxide. Violating these undershoot and overshoot limits will
degrade the life expectancy of the processor.

The Intel® Pentium® Il processor in FC-PGA has more restrictive overshoot and undershoot
requirements for system bus signal's than 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 is also a time-dependent, non-linear
overshoot and undershoot requirement that depends on the amplitude and duration of the
overshoot/undershoot. See the appropriate Intel® Pentium® 11l FC-PGA processor’ s electrical, mechanical
and thermal specification for more details on the FC-PGA processor overshoot/undershoot specifications.
A new undershoot/overshoot checking tool will be made available to assist in understanding whether or
not simulation results or actual oscilloscope measurements meet signal integrity requirementsin the
datasheet.
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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. Thisreset signal is connected to pins AH4 (RESET#)
and X4 (RESET2#) at the PGA370 socket. Finally, the AGTL + reset signal must always be
terminated to VTT on the motherboard.

Designs that do not support the debug port will not utilize the 240-Q series resistor or the connection of

RESET# to the debug port connector. RESET 2# is not required for platforms that do not support the
Intel® Celeron™ processor. Pin X4 should then be connected to ground.

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

Figure 13. RESET#/RESET2# Routing Guidelines

lenlTP
( N >
> TP
VTT [S— VTT
86 Q
91Q § 240Q
Daisy chain
cs_rtt_stub cpu_rtt_stub l
Chipset
lenCS lenCPU Processor
Z 20
—>» Pin AH4
— 10 pF

— sys_bus_reset_routing

Table 10. RESET#/RESET2# Routing Guidelines (see

Design Guide

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 Processor Installed Via Hardware
Mechanisms

The following table provides the logic decoding to determine which processor isinstaled in a PGA370
design.

Table 11. Determining the Installed Processor via Hardware Mechanisms

VID VCORE_DET CPUPRES# Notes
1001 0 0 Intel® Pentium® 11l processor (FC-PGA) installed.
1011 0 0 Intel® Celeron™ processor (FC-PGA) 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 that are analog and
require quiet power suppliesto minimize jitter.

4.11.1. Topology

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

component.

4.11.2. Filter Specification

The function of the filter isto protect the PLL from external noise through low-pass attenuation. The
low-pass specification, with input at V CCcore and output measured across the capacitor, is as follows:

e <(0.2-dB gain in pass band

e < 0.5-dB attenuation in pass band (see DC drop in next set of requirements)
e > 34-dB attenuation from 1 MHz to 66 MHz

e > 28-dB attenuation from 66 MHz to core frequency

Thefilter specification is graphically shown in the following figure.
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filter_spec
NOTES:
1. Diagram not to scale.

2. No specification for frequencies beyond fcore.

3.

Other requirements:

fpeak should be less than 0.05 MHz.

¢ Use shielded-type inductor to minimize magnetic pickup.

e Filter should support DC current > 30 mA.

e DC voltage drop
This also means

fromVCC to PLL1 should be < 60 mV, which in practice implies seriesR <2 Q.
pass-band (from DC to 1 Hz) attenuation < 0.5 dB for VCC=1.1V, and < 0.35dB

forVCC=15V.
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4.11.3. Recommendation for Intel® Platforms

The following tables contains examples of components that meet Intel’ s recommendations, when

configured in the topology of

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 LQG21N4R7KO00T1 4.7 pH 10% 47 MHz 30 mA 0.7 Q (£ 50%)
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 0.225 Q
AVX TPSD336M020S0200 33 uF 20% 2.5nH 02Q

Table 14. Component Recommendations — Resistor

Value Tolerance Power Note

1Q 10% 116 W Resistor may be implemented with trace resistance,
in which case a discrete R is not needed.

To satisfy damping requirements, total series resistance in the filter (from V CCcore to the top plate of the
capacitor) must be at least 0.35 Q. This resistor can be in the form of a discrete component or routing or
both. For example, if the picked inductor has minimum DCR of 0.25 Q, then arouting resistance of at
least 0.10 Q isrequired. Be careful not to exceed the maximum resistance rule (2 Q). For example, if
using discrete R1 (1 Q + 1%), the maximum DCR of the L (trace plusinductor) should be less than 2.0 -
1.1=0.9 Q, which precludes the use of some inductors and sets a max. trace length.

Other routing requirements:

The capacitor (C) should be closeto the PLL1 and PLL2 pins, < 0.1 Q per routel.

The PLL2 route should be parallel and next to the PLL1 route (i.e., minimize loop area).

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

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

1 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
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c Processor
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. Example PLL Filter Using a Buried Resistor
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4.11.4. Custom Solutions

Aslong asfilter performance and requirements as specified and outlined in Section4.11.2|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

Processor
PLLA1

1kQ

PLL2

———-orf8

sys_bus_core_ref_model

NOTES:
1. 0.1-Q resistors represent package routing’.
120-pF capacitor represents internal decoupling capacitor.
1-kQ resistor represents small signal PLL resistance.
Be sureto include all component and routing parasitics.
Sweep across component/parasitic tolerances.
To observe IR drop, use DC current of 30 mA and minimum V cCeore level.

For other modules (interposer, DMM, etc), adjust routing resistor if desired, but use minimum
numbers.

N o kM wDN

4.12. Voltage Regulation Guidelines

A flexible PGA370 design will need the voltage regulation module (VRM) or on-board voltage regul ator
(VR) to be compliant with Intel VRM 8.4 DC-DC Converter Design Guidelines, Rev. 1.5 or higher. This
is needed to support the power supply requirements of the Intel® Pentium® 11l processor (FC-PGA) at

speeds greater than 650 MHz. Important points to note regarding VRM 8.4 specifications are as follows:

e The VR/VRM must supply the proper Vcceore Voltage to the processor, asindicated by the VID
outputs.

e Transient and static tolerances are tighter in the VRM 8.4 DC-DC Converter Design Guidelines than
in the VRM 8.2 DC-DC Converter Design Guidelines. Thiswill require additional analysis of the
motherboard power delivery solution.

e Maximum current for V cccore has increased to 18.4A for flexible motherboard designs.

¢ Additional motherboard decoupling for the processor power suppliesis needed to meet VRM 8.4
DC-DC Converter Design Guidelines, Ver. 1.5.
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4.13. Decoupling Guidelines for Flexible PGA370 Designs

These preliminary decoupling guidelines for flexible PGA370 designs are estimated to meet the
specifications of VRM 8.4 DC-DC Converter Design Guidelines, Ver. 1.5 (Vcc=1.6V, Icc =0.8-18.4
A).
4.13.1. Vcccore Decoupling Design
e Ten or more 4.7-uF capacitors in 1206 packages.

All capacitors should be placed within the PGA 370 socket cavity and mounted on the primary side of the
motherboard. The capacitors are arranged to minimize the overall inductance between the V cccore/V'Ss
power pins, as shown in the following figure.

Figure 18. Capacitor Placement on the Motherboard
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4.13.2.

4.13.3.

4.14.

4.14.1.
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V1T Decoupling Design

For Itt = 3.0 A (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 on the exterior of the
previous figure.

Vrer Decoupling Design

e Four 0.1-uF capacitorsin 0603 package placed near V ger pins (within 500 mils).

Thermal/EMI Considerations

Flexible motherboard guideline for the Intel® Pentium® Il processor (FC-PGA) calls for 30.4 W.
e Increased power density for the Intel® Pentium® |1l processor in FC-PGA (FMB = 41.9 W/cm?)

e Intel® Pentium® 11l processorsin FC-PGA are specified using Tj, while PPGA processors are
specified using Tcase.

e Heatsink for FC-PGA package is not compatible with PPGA processors
e New heatsink clipsfor FC-PGA processor heatsinks

¢ Option to add motherboard features to ground the processor heatsink to reduce el ectromagnetic
interference (EMI)

Implementation of Optional Grounded Heatsink for EMI
Reduction

The following figure illustrates the concept of providing the processor heatsink with an AC ground return
path. Experiments at Intel have demonstrated improved EMI emissions with prototypes of this solution.
Further details will be provided in the next revision of this design guide.
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Figure 19. Location of Grounding Pads

4.14.2.
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Heat Sink Volumetric Keep Out Regions

Figure 20]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 21]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 regquirements
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® 111 processors.

While thermal solutions for lower frequency FCPGA processors may not require the full keep-out area,
larger thermal solutions will be required for higher frequency processors and failure to adhere to the
guidelines will result in mechanical interference.
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Figure 20. Heat Sink Volumetric Keep Out Regions
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Debug Port Changes

Due to the lower voltage technology employed with the FC-PGA processor, changes are required to
support the debug port. Previously, test access port (TAP) signals used 2.5-V logic, asisthe case with
the Intel® Celeron™ processor in the PPGA package. FC-PGA processors utilize 1.5-V logic levels on the
TAP. Asaresult, a new debug port connector isto be used in flexible PGA370 designs. The new 1.5-V
connector isthe mirror image of the older 2.5-V connector. Either connector will fit into the same printed
circuit board layout. Only the pin numbers would change, asis evident in the following drawing. Also
required, along with the new connector, isan In-Target Probe (ITP) that is capable of communicating
with the TAP at 1.5-V logic levels.

Figure 22. TAP Connector Comparison

Caution:

Design Guide

2.5V connector, AMP 104068-3 vertical plug, top view
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sys_bus_TAP_conn

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

See the processor datasheet for more information regarding the debug port.
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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 asingle plane. If single plane referencing is not
possible, stitching capacitors should be added no more than 200 mils from the signal viafield. System
memory signals may viato 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). Use (1) .01luf 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 agroup of system memory signals need to change layers, aviafield should be created and a
decoupling capacitor should be added at the end of the viafield. Do not route signals in the middle of a
viafield, thiswill cause noise to be generated on the current return path of these signals and can lead to
issues on these signals. See diagram below. The traces shown are on layer 1 only. The diagram shows
signals that are changing layer and two signalsthat are not changing layer. Note the two signals around
the viafield 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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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

.
SCSA[3:2]# ——
SCSA[1:0[# —:—l

SCKE[1:0] —1———
SCKE[3:2] |
SCSB[3:2J# !
SCSB[1:0}# !
SRASH# |
SCAS# :
I

|

|

I

|

Notes:

Min. (16 Mbit) 8 MB
Max. (64 Mbit) 256 MB
Max. (128 Mbit) 512 MB

82815 SWE#
SBS[1:0]
SMAA[12:8,3:0]

(g OO0 OO é) é) OH

SMAA[7:4] ——
SMAB(7:4]#

SDQM[7:0]
SMDI[63:0]

é) OO

DIMM_CLK[3:0] — |
CK815
DIMM_CLK[7:4]

O 00 O 00000 OO O

|
SMB_CLK I
SMB_DATA !

*—

DIMMO0 & 1

sys_mem_conn_2DIMM

58 Design Guide



intal

Intel® 815E Chipset Platform

5.2.2. System Memory 2-DIMM Layout Guidelines

Due to the lower voltage technology employed with the FC-PGA processor, changes are required to
support the debug port. Previously, test access port (TAP) signals used 2.5-V logic, asis the case with
the Intel® Celeron™ processor in the PPGA package. FC-PGA processors utilize 1.5-V logic levels on the

Figure 25. System Memory 2-DIMM Routing Topologies
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Table 15. System Memory 2-DIMM Solution Space

Signal Top. Trace (mils) Trace Lengths (inches)
A C D E F
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 0.4 0.5 2 4
SMABI7:4]# 5 10 10 0.4 0.5 2 4
SCKE[3:2] 3 10 10 3 4
SCKE[1:0] 2 10 10 3 4
SMD[63:0] 1 5 10 1.75 4 0.4 0.5
SDQM[7:0] 1 10 10 1.5 35 0.4 0.5
SCAS#, SRASH#, SWE# 1 5 10 1 4.0 0.4 0.5
SBS[1:0], 1 5 10 1 4.0 0.4 0.5
SMAA[12:8,3:0]

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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Figure 26. System Memory Routing Example

S | - —, ™ . -
r—
- - ol | — s " = ;V: +x
i ® ®
e P
—_— X X T
. =Ye—et—Tde =+
- w|® 3 ——— 'I = ="
[ | w = \._\_/':__/H:{‘_! —IL
’j’::J : : :— _.-'- ._‘ — .-r..
LB B BN ¥ — - .—‘ .-_.—'
¥R - - i""'«—ﬁ.-m"_;-_-‘---- ™
" = ] - —. % —%)~
& E.’ L 1
. = = —'#
Bt o .- t----%?‘—’# g
.n = — X X —'X M
l " w — Il L ] L] [ ]
L] [ ] [ ] [ ] L]
. o F 3 i 3 3
:- = w — |- —» . *
s el e o s =" L"_"\'
N = ] — E e [ 3 s e L
"EER e . Lﬂ _H\:F..?-'" —
[ E RN L b [ X 4 4
" EOE l“I—'r"h—l.—l— ra ,ﬁ L
TEEE 1'@ o - "
EERERER 1 --—\hﬁ;“——h—j.__,_a
s EE W x it — I'.,..-'T"--i_"\. it —.'-._.-_.
s EEEEEw |- e & —&
C 1 N % x X%
—_— e — \\\ . . q/: .
- = e &
sys_mem_routing_ex
NOTES:
1. Routing in this figure is for example purposes only. It does not necessarily represent complete

and correct routing for this interface.
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5.3. System Memory 3-DIMM Design Guidelines

5.3.1. System Memory 3-DIMM Connectivity

Figure 27. System Memory Connectivity (3 DIMM)
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5.3.2. System Memory 3-DIMM Layout Guidelines

Figure 28. System Memory 3-DIMM Routing Topologies
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Table 16. System Memory 3-DIMM Solution Space

Intel® 815E Chipset Platform

Signal Trace (mils) Trace Lengths (inches)
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
SMAB(7:4]# 7 10 10 2 4 0.4 0.5
SMACI[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 35 0.4 0.5
SCASH#, SRASH#, 5 5 10 0.4 0.5 1 4
SWE#
SBS[1:0], 5 5 10 0.4 0.5 1 4
SMAA[12:8,3:0]

Design Guide

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.

63




Intel® 815E Chipset Platform

5.4.

intal

System Memory Decoupling Guidelines

A minimum of eight 0.1-uF low-ESL ceramic capacitors (e.g., 0603 body type, X 7R dielectric) are
required and must be as close as possible to the GMCH. They should be placed within at most 70 milsto
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 alow
inductance path. If possible multiple vias per capacitor pad are recommended to further reduce
inductance. 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 (500mils max).

To further de-couple the GMCH and provide a solid current return path for the system memory interface
signalsit is recommended that a parallel plate capacitor be added under the GMCH. Add atopside or
bottom side copper flood under center of the GMCH to create a parallel plate capacitor between VCC3.3
and GND, Seefollowing 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 ison layer 2 or on layer 4 if the power layer ison layer 3).

Figure 29. Intel® 815 Chipset Decoupling Example
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Y ellow lines show layer two plane splits. Note that the layer 1 shapes do NOT cross the plane splits.
The southern shapeis aVssfill over VAdSDRAM. The western shapeisaVssfill over VAdAGP. The
larger northeastern shapeisaVssfill over VAddCORE.

Additional decoupling capacitors should be added between the DIMM connectorsto provide a current
return path for the reference plane discontinuity created by the DIMM connectors themselves. (1) .01uf

X 7R 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.

Figure 30. Intel® 815 Chipset Decoupling Example
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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: Graphics and Memory Controller Hub (GMCH) Datasheet for details on compensation.
Tie the SRCOMP pin of the GMCH to a40-Q, 1% or 2% pull-up resistor to 3.3 Vsus (3.3-V standby)
viaa 10-mil-wide, 0.5” trace (targeted for anominal impedance of 40 Q).
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AGP/Display Cache Design
Guidelines

6.1.

Design Guide

For the 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 focuses only on specific Intel® 815E chipset platform recommendations.

AGP Interface

A single AGP connector is supported by the GMCH AGP interface. LOCK# and SERR#/PERR# are not
supported. See the display cache discussion for a description of display cache/AGP muxing aswell asa
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:
1. 3.3-V drive, not 5-V safe. Thismode is compliant with the AGP 1.0 66-MHz specification
2. 1.5V drive, not 3.3-V safe. This mode is compliant with the AGP 2.0 specification

The AGP 4X must operate at 1.5 V. The AGP 2X can operate at 3.3V or 1.5V. The AGP interface
supports up to 4X AGP signaling, though 4X fast writes are not supported. AGP semantic cyclesto
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 trand ation 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 |0Q 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 MHZz) and
1:2 (66 MHz : 133 MH2).
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AGP In-Line Memory Module (AIMM)

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

AGP guidelines are presented in this section for motherboards that support the population of an AIMM
card in their AGP slot, aswell 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 guidelinesis
broken into subsections, as follows:

e The Flexible Motherboard Guidelines subsection is to be complied with if the motherboard supports
an AIMM card populated in the AGP dot.

e The AGP-Only Motherboard Guidelines subsection is to be complied with if the motherboard will
NOT support an AIMM card populated in the AGP slot.

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 amounting 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: |eft-
handed (see 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 asa
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 isidentical to the left-handed AGP
RM, except for the position of the actuation handle. This handle islocated 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 thisinformation to make sure that your motherboard design |eaves 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 thisit is recommended
that new cards implement an additional notch feature in the mechanical keying tab to alow 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 isrequired 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

Intel® 815E Chipset Platform

[I":-'Z'.---
S

i

'I_'_lr e

—

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 detailsthe 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 areference 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://devel oper.intel.com/technol ogy/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
AGP 2.0

Rev. 2.0 of the AGP Interface Specification enhances the functionality of the original (Rev. 1.0) AGP
Interface Specification, by allowing 4X data transfers (4 data samples per clock) and 1.5-V 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, datais sampled four times during each 66-MHz AGP clock,
which means that each data cycleis¥a of a 15-ns (66-MHz) clock, or 3.75 ns. It isimportant to realize
that 3.75 nsisthe data cycle time, not the clock cycle time. During 2X operation, data is sampled twice
during a 66-MHz clock cycle, so the data cycletimeis 7.5 ns. To allow for such 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 isimportant to minimize noise. Noise on
the data lines causes the settling time to be long. If the mismatch between a data line and the associated
strobe istoo great or if there is noise on the interface, incorrect data will be sampled. The low-voltage
operation on the AGP (1.5 V) requires even more noise immunity. For example, during 1.5-V operation,
Viimax 1S 570 mV. Without proper isolation, cross-talk could create signal integrity issues.
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6.2.1. AGP Interface Signal Groups

The signals on the AGP interface are broken into three groups: 1X timing domain signals, 2X/4X timing
domain signals, and miscellaneous sighals. Each group has different routing requirements. In addition,
within the 2X/4X timing domain signals, there are three sets of signals. All signalsin 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 must be satisfied within each set of
2X/4X timing domain signals. The signal groups are listed in the following table.

Table 17. AGP 2.0 Signal Groups

Groups Signal

1X Timing Domain CLK (3.3 V), RBF#, WBF#, ST[2:0], PIPE#, REQ#, GNT#, PAR, FRAME#,
IRDY#, TRDY#, STOP#, DEVSEL#

2X/4X Timing Domain Set #1: AD[15:0], C/BE[1:0]#, AD_STBO, AD_STBO#'
Set #2: AD[31:16], C/BE[3:2]#, AD_STB1, AD_STB1#'
Set #3: SBA[7:0], SB_STB, SB_STB#'

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

Throughout this section the term data refersto AD[31:0], C/BE[3:0]#, and SBA[7:0]. The term strobe
refersto AD_STB[1:0], AD_STBJ[1:0]#, SB_STB, and SB_STB#. When the term data is used, it refers
to one of the three sets of datasignals, as seenin When the term strobe is used, it refers to one
of the strobes as it relates to the datain its associated group.

The routing guidelines for each group of signals (1X timing domain signals, 2X/4X timing domain
signals, 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 (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 signalslisted as 1X timing domain signalsin

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 Name
RBF# FRAME#
ST[2:0] IRDY#
PIPE# TRDY#
REQ# STOP#
GNT# DEVSEL#
PAR

6.3.1.2. AGP-Only Motherboard Guidelines

e AGP 1X timing domain signals (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 appliesto
ALL signalslisted as 1X timing domain signalsin [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-Q) 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 trade-offs 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 dlot, the maximum
length of AGP 2X/4X timing domain signalsis4”.

e 1:3trace width to spacing isrequired for AGP 2X/4X 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_STBO#) are 3.7” long, the data signals
associated with those strobe signals (e.g., AD[15:0] and C/BE[2:0]#) can be 3.2” to 4” long (since there
isa4” max. length). Another strobe set (e.g., SB_STB and SB_STB#) could be 3.1” long, so that the
associated datasignals (e.g., SBA[7:0]) can be 2.6” to 3.6” long.

The strobe signals (AD_STBO, AD_STBO#, AD_STB1, AD_STB1#, 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 istruly adifferential 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 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 lessthan +£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
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AGP-Only Motherboard Guidelines

For motherboards that will not support an AIMM card populated in the AGP dot, 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 shorter than 6”) and those longer than 6” but shorter than the
7.25" maximum.

AGP Interfaces Shorter Than 6"

The following guidelines are for designs that require less than 6” between the AGP connector and the
GMCH:

e 1:3trace 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_STB0 and AD_STBO0#) are 5.3" long, the datasignals
associated with those strobe signals (e.g., AD[15:0] and C/BE[2:0]#) can 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_STBO#, AD_STB1, AD_STB1#, 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 istruly 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 strobesin 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 lessthan £0.1". (That is, a strobe and its complement must be the same length,
within 0.1”.) Refer to[Table 17]for an illustration of these requirements.

AGP Interfaces Longer Than 6”

Since longer lines have more cross-talk, they require wider spacing between traces to reduce the skew.
The following guidelines are for designs that require more than 6” (but less than the 7.25" max.) between
the AGP connector and the GMCH:

e 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_STB0 and AD_STBO0#) are 6.5” long, the datasignals
associated with those strobe signals (e.g., AD[15:0] and C/BE[2:0]#) can 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_STBO#, AD_STB1, AD_STB1#, 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 istruly 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 strobesin 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". (i.e., a strobe and its complement must be the same length,
within 0.1".)
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6.3.3. AGP Routing Guideline Considerations and Summary

This section appliesto all AGP signalsin any motherboard support configuration (e.g., “flexible” or

Design Guide

“AGP only”):

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.

¢ When matching trace lengths 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 length of
the AGP signals on the GMCH package.

¢ Reduce line length mismatch to ensure added margin. The trace length mismatch for all signals
within asignal group should be as close as possible to zero, to provide timing margin.

e To reduce trace-to-trace coupling (i.e., cross-talk), separate the traces as much as possible.

e All signalsinasigna group should be routed on the same layer.

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

Table 20. AGP 2.0 Routing Summary

: Maximum Trace Spacing Length :
Signal Length (5-Mil Traces) Mismatch Relative To Notes

1X Timing 75" 5 mils No N/A None

Domain requirement

2X/4X Timing 7.25"* 20 mils +0.125” AD_STBO and | AD_STBO and

Domain Set 1 AD_STBO# AD_STBO# must be
the same length.

2X/4X Timing 7.25"* 20 mils +0.125” AD_STB1and | AD_STB1 and

Domain Set 2 AD_STB1# AD_STB1# must be
the same length.

2X/4X Timing 7.25" 20 mils +0.125” SB_STB and SB_STB and

Domain Set 3 SB_STB# SB_STB# must be the
same length.

2X/4X Timing 6"° 15 mils' +0.5” AD_STBO and | AD_STBO and

Domain Set 1 AD_STBO# AD_STBO# must be
the same length.

2X/4X Timing 6" 15 mils’ +0.5” AD_STB1and | AD_STB1 and

Domain Set 2 AD_STB1# AD_STB1# must be
the same length.

2X/4X Timing 6" 15 mils' +0.5” SB_STB and SB_STB and

Domain Set 3 SB_STB# SB_STB# must be the
same length.

NOTES:

1. Each strobe pair must be separated from other signals by at least 20 mils.
2. These guidelines apply to board stack-ups with 15% impedance tolerance.
3. 4 is the maximum length for flexible motherboards.
4. Solution valid for AGP-only motherboards
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AGP Clock Routing

The maximum total AGP clock skew, between the GMCH and the graphics component, is 1 nsfor al
data transfer modes. This 1 nsincludes 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 a clock edge that falls within in 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 shall determine how the 0.9
nsis allocated between the board and the synthesizer.)

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

AGP Signal Noise Decoupling Guidelines

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

e 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 the placement of decoupling capacitors within the AGP
interface signal field.

e |tisrecommended that the designer use alow-ESL ceramic capacitor, such as 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 the space between
traces should be minimal and for as short a distance as possible (1" max.).

¢ |n 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. In a typical four-
layer PCB design, the signals transition from one side of the board to the other. One extra 0.01-uF
capacitor isrequired per 10 vias. The capacitor should be placed as close as possible to the center of
theviafield.

The designer should ensure that the AGP connector iswell 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

6.3.06.
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NOTES:
1. This 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 a minimum, 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_STBO,
AD_STBO#, AD_STB1, AD_STB1#, SB_STB, SB_STB#, G_GTRY#, G_IRDY#, G_GNT#, and
ST[2:0].

In addition to the minimum signal set listed previoudly, it is strongly recommended that half of all AGP
signals be reference to ground, depending on board layout. In an ideal design, the entire 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 al Intel® 815E 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. Thisvoltage isalways 3.3 V. VDDQ is the interface voltage. In AGP 1.0 implementations,
VDDQ also was 3.3 V. For the designer developing an AGP 1.0 motherboard, there is no distinction
between VCC and VDDQ, since both are tied to the 3.3-V power plane on the motherboard.

AGP 2.0 requires that these power planes be separate. |n conjunction with the 4X datarate, the AGP 2.0
Interface Specification provides for low-voltage (1.5-V) operation. The AGP 2.0 specification
implements a TY PEDET# (type detect) signal on the AGP connector that determines the operating
voltage of the AGP 2.0 interface (VDDQ). The motherboard must provide either 1.5V or 3.3V to the
add-in card, depending on the state of the TY PEDET# signal (see the following table). 1.5-V low-voltage
operation applies only to the AGP interface (VDDQ). Vccisaways 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 cc voltage to the controller’ s requirements.
The graphics controller may only power AGP 1/O buffers with the VDDQ power pins.

The TYPEDET# signal indicates whether the AGP 2.0 interface operatesat 1.5V or 3.3 V. If
TYPEDET# isfloating (i.e., No Connect) on an AGP add-in card, the interfaceis3.3 V. If TYPEDET#
is shorted to ground, the interface is 1.5 V.

Table 21. TYPDET#/VDDQ Relationship

78

TYPEDET# (on Add-in Card) VDDQ (Supplied by MB)
GND 1.5V
N/C 3.3V

Asaresult 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 schematicsin Section|14] VDDQ generation and AGP V ger generation
must be considered together. Before developing VDDQ generation circuitry, refer to Section 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. Thisregulator isa
linear regulator with an external, low-Rds,, FET. The source of the FET is connected to 3.3 V. This
regulator converts 3.3V to 1.5V or passes 3.3 V, depending on the state of TYPEDET#. If alinear
regulator is used, it must draw power from 3.3 V (not 5 V) to control thermals. (That is, 5V regulated
down to 1.5 V with alinear regulator will dissipate approximately 7 W at 2 A.) Because it must draw
power from 3.3 V and, in some situations, must ssimply pass that 3.3V to VDDQ (when a3.3-V add-in
card is placed in the system), the regulator MUST use alow-Rds,, FET.

AGP 1.0 ECR #44 modified VDDQ 3.3, t0 3.1 V. When an ATX power supply isused, the 3.3V, is
3.168. Therefore, 68 mV of drop is allowed acrossthe FET at 2 A. This correspondsto an FET with an
Rds,, of 34 mQ.

How doestheregulator switch? The feedback resistor divider isset to 1.5 V. Whena 1.5-V card is
placed in the system, the transistor is Off and the regulator regulatesto 1.5 V. When a3.3-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. Thiswill turn on the FET and pass

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

VREF generation for AGP 2.0 is different, depending on the AGP card type used. 3.3-V AGP cards
generate VREF locally. That is, they have aresistor divider on the card that divides VDDQ down to VREF
(see 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 VVREF. 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 (see the following figure)

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

e VrefGC - VREFfrom 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 sighals 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 consist of AC and DC elements, as shown in the 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
aminimum 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 aflexible voltage divider for VREF. Various methods of
accomplishing this exist, and one such example is shown in the following figure.
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Figure 36. AGP 2.0 VREF Generation & Distribution
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Notes:
1. The resistor dividers should be placed near the GMCH. The AGPREF signal must be 5 mils wide and routed 10 mils from adjacent signals.
2. R7 is the same resistor seen in AGP VDDQ generation example circuit figure (R1)

b) 3.3V AGP Card
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The resistor dividers should be placed near the GMCH. The AGPREF signal must be 5 mils wide and routed 25 mils from adjacent signals.

agp_2.0ref_gen_dist

The flexible VREF divider shown in the previous figure uses a 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 pinto 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 pull-up resistors to VDDQ on the motherboard, to ensure that they contain
stable values when no agent is actively driving the bus. The signals requiring pull-up resistors are as
follows:

1X Timing Domain Signals:

e FRAME#
e TRDY#
e |[RDY#

e DEVSEL#
o STOP#

e SERR#

e PERR#

e RBF#

e PIPE#

e REQ#

o WBF#

e GNT#

e ST[2:0]

It iscritical 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 shorter than 0.5” to
avoid signal reflections from the stub.

The strobe signalsrequire pull-up/pull-downs on the motherboard to ensurethey contain stable
values when no agent isdriving 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 shorter
than 0.1” to avoid signal reflections from the stub.
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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.

AGP Signal Voltage Tolerance List

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

o PME#

o INTA#
o INTB#
e GPERR#
e GSERR#
e CLK

e RST

The following signals on the AGP interface are 5-V tolerant (see USB specification):
e USB+

e USB-
e OVRCNT#

Thefollowing signal isaspecial AGP signal. It is either GROUNDED or NO 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 1.5V 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® 815E chipset-based system. All add-in cards are either 3.3-V or 1.5-V cards. 4X transfers at
3.3V 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 v

Table 23. Voltage/Data Rate Interoperability

Design Guide

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

As described earlier, the AGP and display cache interfaces of the Intel® 815E 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 aresult, amost all display cache interface
signals are mapped onto the new AGP interface. The Intel® 815E chipset can be configured in either
AGP mode or Graphics mode. In the AGP mode, the interface supports afull 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. There do not have to be any SDRAM
devices 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, the 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 detailed in previous sections, the customer
can choose to populate the AGP slot in an Intel® 815E chipset-based system with either an AGP graphics
card, with an AIMM card to enable the highest-possible internal graphics performance, or with nothing
to get the lowest-cost internal graphics solution. Some of the AIMM/Intel® 815E chipset interfacing
implications are as follows. For a complete description of the AIMM card design, refer to the AGP Inline
Memory Module Specification available from Intel.

e A strap isrequired to determine which frequency to select for display cache operation. Thisisthe
L_FSEL pin of the GMCH. The AIMM card will pull this signal up or down as appropriate to
communicate to the Intel® 815E chipset the appropriate operating frequency. The Intel® 815E
chipset will sample this pin on the deasserting edge of reset.

e Since current SDRAM technology isaways 3.3 V rather than the 1.5-V option aso supported by
AGP, the AIMM card should set the TY PEDET# signal correctly 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 areference voltage for sampling 3.3-V LMD inputs. The voltage level on AGPREF
should remain exactly the same asin the AGP mode, as opposed to the VCC/2 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 are to support
an AIMM card.
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Display Cache Clocking

The display cache is clocked source-synchronously from a clock generated by the Intel® 815E chipset's
GMCH. The display cache clocking scheme uses three clock signals. LTCLK clocks the SDRAM
devices, 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® 815E 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® 815E chipset’s
clock input (LRCLK) and the SDRAM capacitor clock input(s). The guidelines areillustrated in the
following figure.

Figure 37. Intel® 815E Chipset’s Display Cache Input Clocking
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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. |n addition to the 15-Q, 1% resistor and the 15-pF, 5% NPO capacitor. The
following combination also can be used: 10-Q, 1% and 22-pF, 5% NPO
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7. Integrated Graphics Display Output

7.1. Analog RGB/CRT

7.1.1. 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-Q 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 output current of each DAC flows into this
equivalent resistive load to produce a video voltage, without the need for external buffering. Thereisalso
an LC pi-filter that is used to reduce high-frequency glitches and noise and to reduce EMI. To maximize
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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NOTES:

1. Diodes D1, 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 L C 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 asthe RAMDAC. An LC filter is recommended for connecting 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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7.1.2. 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 resistorsin parallel; one 75-Q 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-hit current-steering DAC, this full-scale current is
equivalent 255 I, where | isa unit current. Therefore, the unit current or LSB current of the DAC signals
equals 73.2 uA. The reference circuitry generates a voltage across this Rg resistor equal to the bandgap
voltage divided by three (i.e., 407.6 mV). The RAMDAC reference current generation circuitry is
designed to generate a 32-1 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 from the
following equation:

Rset = VREF /32 1=0.4076 V /32 *73.2pA =174 Q

7.1.3. RAMDAC Board Design Guidelines

The following figure shows a general cross section of atypical four-layer board. The recommended
RAMDAC routing for afour-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
signalsto the VGA connector. A 20-mil spacing between any video route and any other routesis
recommended.

Figure 39. Cross-Sectional View of a Four-Layer Board

Board Cross Section

Avoid clock routes or
high-frequency routes in

the area of the RAMDAC Top of board
One solid, continuous ’ /connector

ground plane

RAMDAC / PLL circuitry

Analog traces
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Digital power plane Segmented analog power

Bottom of board /16 for RAMDAC / PLL

RAMDAC_board_xsec

Matching of the video routes (i.e., red, green, blue) from the RAMDAC to the VGA connector is also
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).
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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
VGA connector, as long as the trace impedances are designed as indicated in the following figure. It is
advisable to place the pi-filtersin close proximity with the VGA connector, to maximize the EMI
filtering effectiveness. The LC filter components for the RAMDAC/PLL power plane, the decoupling
capacitors, the latch-up protection diodes, and the reference resistor should be placed in close proximity
with the respective pins. [Figure 41]shows the recommended reference resistor placement and the ground
connections.

Figure 40. Recommended RAMDAC Component Placement and Routing

Place LC filter components and
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capacitors as close as possible power plane
to power pins 1.8V Lf
1.8 V board
power plane
1.8 V board LC
power plane l Cf filter Place pi filter near VGA connector
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) power plane
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Red : r
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g C1
D2
RAMDAC D= = = pifiter —
: || 1.8V board
Pixel _,, power plane
clock ! : D1 75 Qroute:
(from FB
DPLL) 0 37.5 Qroute VGA
. Green - L 4 2
: . Green route
: . C1
: : Rt
5 | = = Pifiter —
1.8 V board
power plane
D1 75 Qroute
FB
5 37.5 Qroute
Blue PS 9
0 Blue route
C1 c2
D2 Rt :|:
. IWASTE IREF VSSDACA = - = —
-------- blA Pi filter
Place diodes close to
RGB pins Avoid routing
Rset . ) .
Place reference toggling signals in
resistor near IREF pin this shaded area

- Match the RGB routes
- Space between the RGB routes a min. of 20 mils

Via straight down to the ground plane

RAMDAC comp placement routing

NOTES: Diodes D4, D, are clamping diodes with low leakage and low capacitive loading. An example is:
California Micro Devices PAC DN006 (6 channel ESD protection array).

Design Guide




intal

Intel® 815E Chipset Platform

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 Intel 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.

e Add External Buffersto Hsync and Vsync.

— Examplesinclude: Series 10 Ohm resistor with a 74LV C08
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Digital Video Out

The Intel® Digital Video Out (DVO) port is a scaleable, low-voltage interface that ranges from 1.1 V to
1.8 V. ThisIntel 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 DV O port controls the video front-end devices viaan I°C interface, by means of 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 adigital display panel and to detect and
configure registersin the TV encoder or TMDS transmitter chips.

DVO Interface Routing Guidelines

Route data signals (LTVDATA[11:0]) with atrace width of 5 mils and a trace spacing of 20 mils. These
signals can be routed with a trace width of 5 mils and a trace spacing of 15 mils for navigation around
components or mounting holes. To break out of the GMCH, the DV O data signals can be routed with a
trace width of 5 mils and atrace spacing of 5 mils. The signals should be separated to a trace width of 5
mils and atrace spacing of 20 mils, within 0.3" of the GMCH component. The maximum trace length
for the DVO datasignalsis 7”. These signals should each be matched within +0.1” of the
LTVCLKOUTI[1] and LTVCLKOUTIO] signals.

Route the LTVCLKOUTJ1:0] signals 5 mils wide and 20 mils apart. Thissignal pair should be a
minimum of 20 mils from any adjacent signals. The maximum length for LTVCLKOUT[1:0] is 7", and
the two signal's should be the same length.

DVO 12C 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
also should be connected to the DVI connector, as specified by the DV specification. 4.7-kQ pull-ups
(or pull-ups with the appropriate value derived from simulation) are required on both LTVDA and
LTVCK.

Leaving Intel® 815E Chipset’s DVO Port Unconnected

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

e Pull up LTVDA and LTVCK with 4.7-kQ resistors at the GMCH. Thiswill prevent the Intel® 815E
chipset’s DVO controller from confusing noise on these lines with false |2C cycles.

e Route LTVDATA[11:0] and LTVCLKOUT[1:0] 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 Intel® 815 chipset’s GMCH ball assignment and | CH2 ball assignment have been optimized to
simplify hub interface routing. It is recommended that the hub interface signal's be routed directly from
the GMCH to the ICH2 on the top signal layer. Refer to the following figure.

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

e DataSignals:
— HL[10:0]

e Strobe Signals:
— HL_STB
— HL_STB#

HL_STB/HL_STB#isadifferential strobe pair.

No pull-ups or pull-downs are required on the hub interface. HL[11] on the ICH2 should be brought out
to atest point for NAND Tree testing. Each signal should be routed such that it meets the guidelines
documented for its signal group.

Figure 42. Hub Interface Signal Routing Example
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CLK66 GCLK
Clocks

hub_link_sig_routing
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Data Signals

Hub interface data signals should be routed 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 mils and a trace spacing of 15 mils for navigation
around components or mounting holes. To break out of the GMCH and the ICH2, the hub interface data
signals can be routed with a trace width of 5 mils and atrace spacing of 5 mils. The signals should be
separated to atrace width of 5 mils and a trace spacing of 20 mils, within 0.3” of the GMCH/ICH2
components.

The maximum trace length for the hub interface data signalsis 7”. These signals should each be matched
within £0.1" of the HL_STB and HL_STB# signals.

Strobe Signals

Dueto their differential nature, the hub interface strobe signal's should be 5 mils wide and routed 20 mils
apart. This strobe pair should be a minimum of 20 mils from any adjacent signals. The maximum length
for the strobe signalsis 77, 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, the hub interface reference voltage, is0.5* 1.85V =0.92 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 0.92 V. The values 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 GMCH or ICH2. If the
single HREF divider islocated 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 voltageis
generated locally, the bypass capacitor must be close to the component HREF pin.

Compensation

Independent Hub interface compensation resistors are used by the Intel® 815 chipset’s GMCH and the
ICHZ2 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® 82801BA 1/0
Controller Hub 2 (ICH2) Datasheet for details on compensation. The resistive Compensation (RCOMP)
guidelines are as follows:

RCOMP: Tiethe HLCOMP pin of each component to a 40-Q2, 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 Q). The GMCH and ICH2 each
requires its own RCOMP resistor.
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Figure 43. Single Hub Interface Reference Divider Circuit
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Figure 44. Locally Generated Hub Interface Reference Dividers
1.85V 1.85V
300 Q % 300 Q
HUBREF HUBREF
300 @ —01pF  01pF - % 300 Q
- - hub_IF ref

Design Guide 95



Intel® 815E Chipset Platform

96

This page intentionally left blank.

Design Guide



Intel® 815E Chipset Platform

ICH2

9.1.

Table 24.

Design Guide

Decoupling

The ICH2 is capable of generating large current swings when switching between logic High and logic
Low. This condition could cause the component voltage rails to drop below specified limits. To avoid
this type of situation, ensure that the appropriate amount of bulk capacitanceis added in parallel to the
voltage input pins. It is recommended that the devel oper use the amount of decoupling capacitors
specified in the following table to ensure that the component maintains stable supply voltages. The
capacitors should be placed as close as possible to the package, without exceeding 400 mils (100-300
mils nominal). Note: Routing space around the ICH2 istight. A few decoupling caps may be placed more
than 300 mils away from the package. System designers should simulate the board to ensure that the
correct amount decoupling isimplemented. Refer to the following figure for alayout example. It is
recommended that, for prototype board designs, the designer include pads for extra power plane
decoupling caps.

Decoupling Capacitor Recommendation

Power Plane/Pins Decoupling Capacitors Capacitor Value
3.3-V core 6 A uF
3.3-V standby 1 A uF
Processor interface (1.3 ~2.5V) 1 A uF
1.8-V core 2 A uF
1.8-V standby 1 A uF
5-V reference 1 A uF
5-V reference standby 1 A uF
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Figure 45. ICH2 Decoupling Capacitor Layout
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1.8V/3.3V Power Sequencing

The ICH2 has two pairs of associated 1.8V and 3.3V supplies. Theseare{Vccl 8, Vce3 3} and
{VecSusl 8, VecSus3 3} . These pairs are assumed to power up and power down together. The
difference between the two associated supplies must never be greater than 2.0V. The 1.8V supply
may come up before the 3.3V supply without violating this rule (though thisis generally not practical ina
desktop environment, since the 1.8V supply istypically derived from the 3.3V supply by means of a
linear regulator).

One serious consequence of violation of this"2V Rule" is electrical overstress of oxide layers, resulting
in component damage.

The mgority of the ICH2 I/O buffers are driven by the 3.3V supplies, but are controlled by logic that is
powered by the 1.8V supplies. Thus, another consegquence of faulty power sequencing arises if the 3.3V
supply comes up first. Inthis case the 1/O buffers will be in an undefined state until the 1.8V logicis
powered up. Some signals that are defined as "Input-only" actually have output buffers that are normally
disabled, and the ICH2 may unexpectedly drive these signalsif the 3.3V supply is active while the 1.8V
supply is not.
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The figure below shows an exampl e power-on sequencing circuit that ensuresthe “2V Rule” is obeyed.
Thiscircuit usesaNPN (Q2) and PNP (Q1) transistor to ensure the 1.8V supply tracks the 3.3V supply.
The NPN transistor controls the current through PNP from the 3.3V supply into the 1.8V power plane by
varying the voltage at the base of the PNP transistor. By connecting the emitter of the NPN transistor to
the 1.8V plane, current will not flow from the 3.3V supply into 1.8V plane when the 1.8V plane reaches
lav.

Figure 46. Example 1.8V/3.3V Power Sequencing Circuit
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When analyzing systems that may be "marginally compliant” to the 2V Rule, pay close attention to the
behavior of the ICH2's RSMRST# and PWROK signals, since these signals control internal isolation
logic between the various power planes:

e RSMRST# controls isolation between the RTC well and the Resume wells.

e PWROK controls isolation between the Resume wells and Main wells
If one of these signals goes high while one of its associated power planesis active and the other is not, a

leakage path will exist between the active and inactive power wells. This could result in high, possibly
damaging, internal currents.
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9.3. Power Plane Splits

Figure 47. Power Plane Split Example

]

pwr_plane_splits

9.4. Thermal Design Power
The thermal design power is the estimated maximum possible expected power generated in a component
by arealistic 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 thermal design power for the ICH2 is 1.5 W £15%.
100
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10.1.

10.1.1.

10.2.
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IDE Interface

This section contains guidelines for connecting and routing the ICH2 IDE interface. The ICH2 has two
independent | DE 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
ICH2 has integrated the series resistors that typically have been required on the IDE data signals
(PDD[15:0] and SDD[15:0]) running to the two ATA connectors. Intel do not anticipate requiring
additional series termination, but OEMs should verify the motherboard signal integrity via simulation.
Additional external 0-Q resistors can be incorporated into the design to address possible noise issues on
the motherboard. The additional resistor layout increases flexibility by providing future stuffing options.

The IDE interface can be routed with 5-mil traces on 5-mil spaces and must be less than 8” long (from
ICH2 to IDE connector). Additionally, the shortest IDE signal (on a given IDE channel) must be less
than 0.5” shorter than the longest IDE signal (on that channel).

Cabling

e Length of cable: Each IDE cable must be equal to or less than 18".
e Capacitance: Lessthan 30 pF

e Placement: A maximum of 6” between drive connectors on the cable. If asingle drive is placed on
the cable it should be placed at the end of the cable. If a second driveis 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).

e Grounding: Provide adirect, low-impedance chassis path between the motherboard ground and
hard disk drives.

e |CH2 Placement: The ICH2 must be placed at most 8" from the ATA connector(s).

e PC99 requirement: Support Cable Select for master-slave configuration is a system design
reguirement of Microsoft* PC99. The CSEL signal of each ATA connector must be grounded at the
host side.

Cable Detection for Ultra ATA/66 and Ultra ATA/100

The ICH2 IDE controller supports PIO, multiword (8237-style) DMA, and Ultra DMA modes 0 through
5. The ICH2 must determine the type of cable present, to configure itself for the fastest possible transfer
mode that the hardware can support.

An 80-conductor IDE cableisrequired for Ultra ATA/66 and Ultra ATA/100. This cable uses the same
40-pin connector as the old 40-pin IDE cable. The wiresin the cable alternate: ground, signal, ground,
signal,.... All ground wires are tied together on the cable (and they are tied to the ground on the
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motherboard through the ground pins in the 40-pin connector). This cable conforms to the Small Form
Factor Specification SFF-8049, which is obtainable from the Small Form Factor Committee.

To determine whether the ATA/66 or ATA/100 mode can be enabled, the ICH2 requires that the system
software attempt to determine the type of cable used in the system. If the system software detects an 80-
conductor cable, it may use any Ultra DMA mode up to the highest transfer mode supported by both the
chipset and the IDE device. If a40-conductor cable is detected, the system software must not enable
modes faster than Ultra DMA Mode 2 (Ultra ATA/33).

Intel recommends that cable detection be performed using a combination host-side/device-side detection
mechanism. Note that host-side detection cannot be implemented on an NLX form factor system, since
this configuration does not define interconnect pins for the PDIAG#/CBLID# from the riser (containing
the ATA connectors) to the motherboard. These systems must rely on the device-side detection
mechanism only.

10.2.1. Combination Host-Side/Device-Side Cable Detection

Host-side detection (described in the ATA/ATAPI-4 Standard, Section 5.2.11) requires the use of two
GPI pins (one for each IDE channel). The proper way to connect the PDIAG#/CBLID# signal of the IDE
connector to the host is shown in the figure below. All IDE devices have a 10-kQ pull-up resistor to 5 V
on thissignal. Not al GPI and GPIO pins on the ICH2 are 5-V tolerant. If non 5-V tolerant inputs are
used, aresistor divider isrequired to prevent 5V on the ICH2 or FWH pins. The proper value of the
divider resistor is 10 kQ (as shown in the figure below).

Figure 48. Combination Host-Side / Device-Side IDE Cable Detection

l_| IDE drive IDE drive
To secondary ,/,_’—/?—”EE
IDE connector :g:: 10 kQ
GPIO G 40-222::16uct0r EE <
ICH2 PDIAGH E~E:1J PDIAG# PDIAGH#
CBLID# :z' Z
GPIO 9 ‘
/ _%10 kQ
Resistor required for IDE drive IDE drive
non-5V-tolerant GPI. | 5V
5V
To secondary
IDE connector — 10 kQ 10 kQ
80-conductor
G0 IDE cable ~
ICH2 PDIAGH/ PDIAG# PDIAG#
CBLID#
GPIO
10 kQ
= = Open
IDE_combo_cable_det
Resistor required for
non-5V-tolerant GPI.

This mechanism allows the BIOS, after diagnostics, to sample PDIAG#/CBLID#. If the signal is High,
then there is 40-conductor cable in the system and ATA modes 3, 4 and 5 must not be enabled.
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If PDIAGH/CBLID# is detected Low, then there may be an 80-conductor cable in the system or there
may be a 40-conductor cable and alegacy slave device (Device 1) that does not release the
PDIAG#/CBLID# signal asrequired by the ATA/ATAPI-4 standard. In this case, the BIOS should check
the Identify Device information in a connected device that supports Ultra DMA modes higher than 2. If
ID Word 93, bit 13, is set to 1, then an 80-conductor cableis present. If thisbit is set to O, then alegacy
dave (Device 1) is preventing proper cable detection, so the BIOS should configure the system as though
a 40-conductor cable were present and then notify the user of the problem.

Device-Side Cable Detection

For platforms that must implement device-side detection only (e.g., NLX platforms), a 0.047-uF
capacitor is required on the motherboard as shown in the figure below. This capacitor should not be
populated when implementing the recommended combination host-side/device-side cable detection
mechanism described previoudly.

Figure 49. Device-Side IDE Cable Detection
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This mechanism creates a resistor-capacitor (RC) time constant. The ATA mode 3, 4 or 5 drive will drive
PDIAG#/CBLID# Low and then release it (pulled up through a 10-k<2 resistor). The drive will sample
the signal after releasing it. In an 80-conductor cable, PDIAG#/CBLID# is not connected through to the
host, so the capacitor has no effect. In a 40-conductor cable, the signal is connected to the host, so the
signal will rise more slowly as the capacitor charges. The drive can detect the difference in rise times and
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.
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10.2.3. Primary IDE Connector Requirements

Figure 50. Connection Requirements for Primary IDE Connector

PCIRST_BUF# 22-47Q
PCIRST# * '|> AN Reset#

PDD[15:0]

PDA[2:0]
PDCS1#
PDCS3#
PDIOR#

PDIOW#

PDDREQ

33V
33V

47kQ
8.2-10 kQ Primary IDE

Connector

PIORDY o

IRQ14

PDDACK#

GPIOx * PDIAG# / CBLID#

10 kQ
(needed only for CSEL
non-5V-tolerant GPI)

N.C.— Pins 32 & 34
ICH2

* Due to ringing, PCIRST# -
must be buffered.

IDE_primary_conn_require

o 22-Q) t0 47-Q seriesresistors are required on RESET#. The correct value should be determined for
each unique motherboard design, based on signal quality.

e An 8.2-kQ to 10-kQ pull-up resistor isrequired on IRQ14 and IRQ15 to VCC3.
e A 4.7-kQ pull-up resistor to VCC3 isrequired on PIORDY and SIORDY .

e Seriesresistors can be placed on the control and data lines to improve signal quality. The resistors
are placed as close as possible to the connector. Values are determined for each unique motherboard
design.
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Secondary IDE Connector Requirements

Figure 51. Connection Requirements for Secondary IDE Connector
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PCIRST_BUF# 2247 Q
PCIRST# * '|> VNV Reset#

SDD[15:0]

SDA[2:0]
SDCS1#
SDCS3#
SDIOR#
SDIOW#

SDDREQ

33V
33V

4.7 kQ
§ 8.2-10 kQ Secondary IDE
Connector

SIORDY .

IRQ15

SDDACK#

GPIOy * PDIAG# / CBLID#

10 kQ
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N.C.— Pins 32 & 34
ICH2

* Due to ringing, PCIRST#
must be buffered.

IDE_secondary_conn_require

o 22-Q) to 47-Q seriesresistors are required on RESET#. The correct value should be determined for
each unique motherboard design, based on signal quality.

e An 8.2-kQ to 10-kQ pull-up resistor isrequired on IRQ14 and IRQ15 to VCC3.
o A 4.7-kQ pull-up resistor to VCC3 isrequired on PIORDY and SIORDY

e Seriesresistors can be placed on the control and data lines to improve signal quality. The resistors
are placed as close as possible to the connector. Values are determined for each unique motherboard
design.
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AC'97

The ICH2 implements an AC' 97 2.1-compliant digital controller. Any codec attached to the ICH2 AC-
link must be AC'97 2.1 compliant, as well. Contact your codec IHV for information on 2.1-compliant
products. The AC'97 2.1 specification is available on the Intel website: http://devel oper.intel.com/pc-
supp/platform/ac97/index.htm.

The AC-link isabidirectional, serial PCM digital stream. It handles multiple input and output data
streams, as well as control register accesses, by employing a time-division-multiplexed (TDM) scheme.
The AC-link architecture enables data transfer through individual frames transmitted serially. Each frame
isdivided into 12 outgoing and 12 incoming data streams, or slots. The architecture of the ICH2 AC-link
allows a maximum of two codecs to be connected. The following figure[lshows atwo-codec topology of
the AC-link for the ICH2.

Figure 52. ICH2 AC’'97- Codec Connection
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Intel has devel oped an advanced common connector for both AC’ 97 as well as networking options. This
is known as the Communications and Network Riser (CNR). Refer to Section

Clocking is provided from the primary codec on the link viaBITCLK, and it is derived from a
24.576-MHz crystal or oscillator. Refer to the primary codec vendor for crystal or oscillator
requirements. BITCLK isa 12.288-MHz clock driven by the primary codec to the digital controller
(ICH2) and any other codec present. That clock is used as the timebase for latching and driving data.

The ICH2 supports wake-on-ring from S1-S5 via the AC' 97 link. The codec asserts SDATAIN to wake
the system. To provide wake capability and/or caller 1D, standby power must be provided to the modem
codec.
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The ICH2 has weak pull-downs/pull-ups that are enabled only when the AC-Link Shut-off bit in the
ICH2 is set. This keeps the link from floating when the AC-link is off or when there are no codecs
present.

If the Shut-off bit is not set, it means that there is a codec on the link. Therefore, BITCLK and
AC_SDOUT will be driven by the codec and ICH2, respectively. However, AC_SDINO and AC_SDIN1
may not be driven. If thelink is enabled, it may be assumed that thereis at least one codec. If there only
isan on-board codec (i.e., no AMR), then the unused SDIN pin should have a weak (10-kQ2) pull-down
to keep it from floating. If an AMR is used, any SDIN signal could be Not Connected (e.g., with no
codec, both can be NC), then both SDIN pins must have a 10-kQ pull-down.

Table 25. AC'97 SDIN Pull-down Resistors

10.4.

System Solution Pull-up Requirements
On-board codec only Pull-down the SDIN pin that is not connected to the codec.
AMR only Pull-down both SDIN pins.
BOTH AMR and on-board codec Pull-down any SDIN pin that could be NC*.

*|f the on-board codec can be disabled, both SDIN pins must have pull-downs. If the on-board codec
cannot be disabled, only the SDIN not connected to the on-board codec requires a pull-down.

CNR

The Communication and Networking Riser (CNR) Specification defines a hardware-scal able Original
Equipment Manufacturer (OEM) motherboard riser and interface. This interface supports multichannel
audio, a V.90 analog modem, phone-line based networking, and 10/100 Ethernet based networking. The
CNR specification defines the interface that should be configured before system shipment. Standard 1/0
expansion dlots, such as those supported by the PCI bus architecture, are intended to continue serving as
the upgrade medium. The CNR mechanically shares a PCI dot. Unlike in the case of the AMR, the
system designer will not sacrifice a PCl slot after deciding not to include a CNR in a particular build.

The following figure indicates the interface for the CNR connector. Refer to the appropriate section of
this document for the appropriate design and layout guidelines. The Platform LAN Connection (PLC)
can either be a 82562EH or 82562ET component. Refer to the CNR specification for additional
information.

Figure 53. CNR Interface
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USB

The general guidelines for the USB interface are as follows:

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

15-Q seriesresistors should be placed as close as possible to the ICH2 (<1"). These seriesresistors
are required for source termination of the reflected signal.

47-pF caps must be placed as close as possible to the ICH2 and on the ICH2 side of the series
resistors on the USB data lines (PO+, P1+, P2+, P3+t). These caps are provided for signal quality
(riseffall 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 datalines (POt ... P3+), and they are REQUIRED for signal termination by the USB
specification. The stub should be as short as possible.

The trace impedance for the PO+...P3+ signals should be 45 Q (to ground) for each USB signal P+
or P-. When the stack-up recommended in Fiéure 4|is used, the USB requires 9-mil traces. 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’ s characteristic impedance of 90 Q isthe series
impedance of both wires, resulting 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 must be routed as critical signals. The P+/P- signal pair must be routed together and
not parallel with 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. Do not worry about cross-talk
between the two P+/P- signal traces. The P+/P- signal traces must also be the same length, which
will minimize the effect of common-mode current on EMI.
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The following figure illustrates the recommended USB schematic.

Figure 54. USB Data Signhals
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The recommended USB trace characteristics are:
e Impedance‘Z0' =454 Q
Line Delay = 160.2 ps

Capacitance = 3.5 pF
Inductance = 7.3 nH

Res @ 20° C =53.9 mQ

10.6. ISA

Implementations that require | SA support can benefit from the enhancements of the ICH2, while “I SA-
less’” designs are not burdened with the complexity and cost of the |SA subsystem. For information
regarding the implementation of an ISA design, contact external suppliers.
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10.7. IOAPIC Design Recommendation

UP systems not using the IOAPIC should comply with the following recommendations:

e OnthelCH2:
— TiePICCLK directly to ground.
— TiePICDO, PICDL1 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.
— TiePICDOto 2.5V through 10-kQ resistors.
— TiePICD1to 2.5V through 10-kQ resistors.

10.8. SMBus/SMLink Interface

The SMBus interface on the ICH2 is the same as that on the ICH. It uses two signals, SMBCLK and
SMBDATA, to send and receive data from components residing on the bus. These signals are used
exclusively by the SMBus host controller. The SMBus host controller resides inside the ICH2.

The ICH2 incorporates a new SMLink interface supporting AOL*, AOL2*, and dlave functionality. It
uses two signals, SMLINK][1:0]. SMLINK]Q] corresponds to an SMBus clock signal, and SMLINK]1]
corresponds to an SMBus data signal. These signals are part of the SMB dave interface.

For Alert on LAN (AOL) functionality, the ICH2 transmits heartbeat and event messages over the
interface. When the 82562EM LAN connect component is used, the ICH2' sintegrated LAN controller
claimsthe SMLink heartbeat and event messages and sends them out over the network. An external,
AOL2-enabled LAN controller will connect to the SMLink signals, to receive heartbeat and event
messages as well to as access the ICH2 SMBus save interface. The slave interface function allows an
external microcontroller to perform various functions. For example, the dave write interface can reset or
wake a system, generate SM1# or interrupts, and send a message. The slave read interface can read the
system power state, read the watchdog timer status, and read system status bits.

Both the SMBus host controller and the SMBus slave interface obey the SMBus protocol, so the two
interfaces can be externally wire-ORed together to allow an external management ASIC to access targets
on the SMBus as well asthe ICH2 slave interface. Thisis performed by connecting SMLink[0] to
SMBCLK and SMLink[1] to SMBDATA, as shown in the following figure. Since the SMBus and
SMLINK are pulled up to VCCSUS3_3, system designers must ensure that they implement proper
isolation for any devices that may be powered down while VCCSUS3_3is till active (i.e., thermal
SEensors).

110 Design Guide



Intel® 815E Chipset Platform

intal

Figure 55. SMBus/SMLink Interface
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Note: Intel does not support external access to the ICH2'sintegrated LAN controller viathe SMLink interface.
Also, Intel does not support accessto the ICH2's SMBus dave interface by the ICH2's SMBus host
controller. The following table describes the pull-up requirements for different implementations of the
SMBus and SMLink signals.

Table 26. Pull-up Requirements for SMBus and SMLink

SMBus / SMLink Use Implementation
Alert-on-LAN* signals 4.7-kQ pull-up resistors to 3.3 VSB are required.
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 ICH2 will
drive heartbeat messages until the BIOS programs these signals as
GPI0s.) The value of the pull-up resistors depends on the loading on
the GPIO signal.

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

The ICH2 provides a PCI Bus interface compliant with the PCI Local Bus Specification, Revision 2.2.
The implementation is optimized for high-performance data streaming when the ICH2 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 ICH2 supports six PCI Bus masters (excluding the ICH2), by providing six REQ#/ GNT# pairs. In
addition, the ICH2 supports two PC/PCl REQ#/GNT# pairs, one of which is multiplexed with a PCl
REQ#/GNT# pair.

Figure 56. PCI Bus Layout Example

10.10.
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ICH2

10_subsys_PCI_layout

RTC

The ICH2 contains a real-time clock (RTC) with 256 bytes of battery-backed SRAM. Theinternal RTC
module provides two key functions: keeping the date and time and storing system datain its RAM when
the system is powered down.

This section will present the recommended hook-up for the RTC circuit for the ICH2.
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10.10.1. RTC Crystal

The ICH2 RTC module requires an external oscillating source of 32.768 kHz connected on the RTCX1
and RTCX2 pins. The following figure documents the external circuitry that comprises the oscillator of

the ICH2 RTC.
Figure 57. External Circuitry for the ICH2 RTC
3.3V ~ ) _ )
VCoSUS > J_ X VCCRTC
[ ERAVAVAV] o
- X] RTCX23
_ 1kQ 32768 Hz i R1
Vbatt — Xtal %‘ 10MQ
at * X RTCX14
L 1
? 22pF T Cc31 R2
18 pF -[ 10 MQ
> ® IX| VBIASS
c2! Jj
18 pF T
| VSSRTC®
RTC_osc_circ_815

NOTES:
1. The exact capacitor value must be based on the crystal maker's recommendation. (The typical value for C2
and C3 is 18 pF.)
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 that
is mirrored throughout the oscillator and buffer circuitry.
Vss: Ground

aokrwN

o
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10.10.2. External Capacitors

To maintain RTC accuracy, the external capacitor C1 must be 0.047 uF, and the external capacitor
values (C2 and C3) should be chosen to provide the manufacturer-specified |oad capacitance (Cload) for
the crystal, when combined with the parasitic capacitance of the trace, socket (if used), and package.
When the external capacitor values are combined with the capacitance of the trace, socket, and package,
the closer the capacitor value can be matched to the actual load capacitance of the crystal used, the more
accurate the RTC will be.

The following equation can be used to choose the external capacitance values (C2 and C3):

Cload = (C2 * C3) / (C2 + C3) + Cparasitic

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

10.10.3. RTC Layout Considerations

e Keepthe RTC lead lengths as short as possible. Approximately 0.25” is sufficient.

Minimize the capacitance between Xin and Xout in the routing.

Put a ground plane under the X TAL components.

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

The oscillator VCC should be clean. Use afilter, such as an RC low-pass or aferrite inductor.

10.10.4. RTC External Battery Connection

114

The RTC requires an external battery connection to maintain its functionality and its RAM while the
ICH2 is not powered by the system.

Example batteries include the Duracell* 2032, 2025 or 2016 (or equivalent), which 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 YA, 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
3.0Vto33V.

The battery must be connected to the ICH2 via an isolation Schottky diode circuit. The Schottky diode
circuit allows the ICH2 RTC well to be powered by the battery when system power is unavailable, but by
system power when it is available. So, the diodes are set to be reverse-biased when system power is
unavailable. The following figures shows an example of the used diode circuitry.
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Figure 58. Diode Circuit to Connect RTC External Battery
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A standby power supply should be used in a desktop system, to provide continuous power to the RTC
when available, which will significantly increase the RTC battery life and thereby the RTC accuracy.

10.10.5. RTC External RTCRST Circuit

Figure 59. RTCRST External Circuit for ICH2 RTC
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The ICH2 RTC requires some additional external circuitry. The RTCRST# signal is used to reset the
RTC well. The external capacitor and the external resistor between RTCRST# and the RTC battery
(Vbat) were selected to create an RC time delay, such that RTCRST# will go High some time after the
battery voltage is valid. The RC time delay should be within the range of 10-20 ms. When RTCRST# is
asserted, bit 2 (RTC_PWR_STS) inthe GEN_PMCON _3 (General PM Configuration 3) register is set to
1 and remains set until cleared by software. As aresult, when the system boots, the BIOS knows that the
RTC battery has been removed.

This RTCRST# circuit is combined with the diode circuit (see previous figure), which alowsthe RTC
well to be powered by the battery when system power is unavailable. The previous figure shows an
example of this circuitry when used in conjunction with the external diode circuit.

10.10.6. RTC Routing Guidelines

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

Minimize the capacitance between RTCX1 and RTCX2 in the routing. (Optimally, there would be a
ground line between them.)

Put a ground plane under all external RTC circuitry.

Don't route any switching signals under the external components (unless on the other side of the
ground plane).

10.10.7. VBIAS DC Voltage and Noise Measurements
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All RTC OSC signals (RTCX1, RTCX2, VBIAS) should al be routed with trace lengths less than
1”. The shorter, the better.

Steady-state VBIAS isa DC voltage of about 0.38V + .06 V.

When the battery isinserted, VBIAS will be “kicked” to about 0.7-1.0 V, but it will returnto its DC
value within afew ms.

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

VBIAS isvery sensitive and cannot be directly probed, but it can be probed through a.01-uF
capacitor.

Excessive noise on VBIAS can cause the ICH2 internal oscillator to misbehave or even stop
completely.

To minimize VBIAS noisg, it is necessary to implement the routing guidelines described previously
aswell asthe required external RTC circitry, as described in the Intel® 82801BA 1/0 Controller
Hub 2 (ICH2) Datashest.
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LAN Layout Guidelines
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The ICH2 provides several options for integrated LAN capability. The platform supports severa

components, depending on t

he target market.

LAN Connect Component

Connection

Features

82562EM Advanced 10/100 Ethernet AOL* & Ethernet 10/100 connection
82562ET 10/100 Ethernet Ethernet 10/100 connection
82562EH 1-Mb HomePNA* LAN 1-Mb HomePNA connection

Intel developed a dual footprint for 82562ET and 82562EH, to minimize the required number of board
builds. A single layout with the specified dual footprint allows the OEM to install the appropriate LAN
connect component to satisfy market demand. Design guidelines are provided for each required interface
and connection. Refer to the following figure and table for the corresponding section of the design guide.

Figure 60. ICH2 / LAN Connect Section
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Table 27. LAN Design Guide Section Reference

10.11.1.
10.11.1.1.
118

Layout Section Figure Ref. Design Guide Section
ICH2 — LAN interconnect A [10.11.1JCH2 — LAN Interconnect Guidelines|
General routing guidelines B,C,D Mzmuwmgﬂidgunmmjonsideraﬁons
]
82562EH B [10.11.3[82562EH Home/PNA* Guidelines|
82562ET /82562EM C [10.11.4[82562ET / 82562EM Guidelines|
Dual layout footprint D 10.11.5B2562E T / 82562EH Dual Footprint Guidelines|

ICH2 — LAN Interconnect Guidelines

This section contains the guidelines for the design of motherboards and riser cards that comply with LAN
connect. It should not be considered a specification, and the system designer must ensure through
simulations or other techniques that the system meets the specified timings. Specia care must be taken to
match the LAN_CLK traces with those of the other signals, as follows. The following guidelines are for
the ICH2-to-LAN component interface. The following signal lines are used on this interface:

e LAN_CLK

e LAN_RSTSYNC
e LAN_RXD[2:0]
e LAN_TXD[2:0]

This interface supports both 82562EH and 82562ET/82562EM components. Both components share
signal linesLAN_CLK, LAN_RSTSYNC, LAN_RXDI[O0], and LAN_TXDI[Q]. Signal lines
LAN_RXDJ[2:1] and LAN_TXDJ[2:1] are not connected when 82562EH isinstalled.

Bus Topologies

The LAN connect interface can be configured in several topologies:
¢ Direct point-to-point connection between the ICH2 and the LAN component
e Dual footprint
e LOM/CNR implementation
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10.11.1.2. Point-to-Point Interconnect

Intel® 815E Chipset Platform

The following guidelines are for a single-solution motherboard. Either 82562EH, 82562ET or CNR is

installed.

Figure 61. Single-Solution Interconnect
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Table 28. Single-Solution Interconnect Length Requirements

Configuration

L

Comment

82562EH 45" t0 8.5” Signal lines LAN_RXD[2:1] and LAN_TXDI[2:1] are not connected.
82562ET 4.5"108.5”
CNR 4.5"t0 8.5” The trace length from the connector to LOM should be 0.5” to 3.0”

10.11.1.3. LOM/CNR Interconnect

The following guidelines allow for an all-inclusive motherboard solution. This layout combines the

LOM, dual-footprint, and CNR solutions. The resistor pack ensures that either a CNR option or aLAN
on Motherboard option can be implemented at one time, as shown in the following figure, which shows
the recommended trace routing lengths.

Figure 62. LOM/CNR Interconnect
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Table 29. LOM/CNR Length Requirements

10.11.1.4.

Configuration A B C D
82562EH 0.5" to 6.0” 4.0"to (10.0" - A)
82562ET 0.5"to 7.0” 3.0"to0 (10.0" - A)
Dual footprint 0.5" to 6.0” 4.0"to (10.0" - A)
82562ET/EH card* 0.5"t0 6.5” 2510 (9"-A) 0.5"t0 3.0”
NOTES:

1. The total trace length should not exceed 13”.

Additional guidelines for this configuration are as follows:
e Stubsdueto the resistor pack should not be present on the interface.
e Theresistor pack value can be 0 Q or 22 Q.
e LAN on Motherboard PLC can be a dual-footprint configuration.

Signal Routing and Layout

LAN connect signals must be carefully routed on the motherboard to meet the timing and signal quality
requirements of this interface specification. The following are some of the general guidelines that should
be followed. It is recommended that the board designer simulate the board routing, to verify that the
specifications are met for flight times and skews due to trace mismatch and cross-talk. On the
motherboard, the length of each datatrace is either equal in length to the LAN_CLK trace or upto 0.5”
shorter thanthe LAN_CLK trace. (LAN_CLK should always be the longest motherboard trace in each

group.)

Figure 63. LAN_CLK Routing Example
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10.11.1.5. Cross-Talk Consideration

Noise due to cross-talk must be carefully minimized. Cross-talk is the main cause of timing skews and is
the largest part of the trwarcs Skew parameter.

10.11.1.6. Impedances

Motherboard impedances should be controlled to minimize the impact of any mismatch between the
motherboard and the add-in card. An impedance of 60 Q + 15% is strongly recommended. Otherwise,
signal integrity requirements may be violated.

10.11.1.7. Line Termination

Line termination mechanisms are not specified for the LAN connect interface. Slew-rate-controlled
output buffers achieve acceptable signal integrity by controlling signal reflection, over/undershoot, and
ringback. A 33-Q seriesresistor can be installed at the driver side of the interface, if the developer has
concerns about over/undershoot. Note that the receiver must allow for any drive strength and board
impedance characteristic within the specified ranges.

10.11.2. General LAN Routing Guidelines and Considerations

10.11.2.1. General Trace Routing Considerations

Trace routing considerations are important to minimize the effects of cross-talk and propagation delays
on sections of the board where high-speed signals exist. Signal traces should be kept as short as possible
to decrease interference from other signals, including those propagated through power and ground
planes.

Observe the following suggestions to help optimize board performance:

¢ The maximum mismatch between the clock trace length and the length of any datatraceis0.5”.
e Maintain constant symmetry and spacing between the traces within a differential pair.
e Keepthe signal trace lengths of a differential pair equal to each other.

o Keep thetotal length of each differential pair under 4”. (Many customer designs with differential
traces longer than 5" have had one or more of the following issues: |EEE phy conformance failures,
excessive EMI, and/or degraded receive BER.)

¢ Do not route the transmit differential traces closer than 70 mils from the receive differential traces.

¢ Do not route any other signal traces both parallel to the differential traces and closer than 70 mils
from the differential traces.

e Keep to 7 mils the maximum separation between differential pairs.

¢ For high-speed signals, the number of corners and vias should be kept to aminimum. 1f a 90° bend
isrequired, it is advisable to use two 45° bends instead. Refer to the following figure.
e Traces should be routed away from board edges by a distance greater than the trace height above the

ground plane. This allows the field around the trace to couple more easily to the ground plane rather
than to adjacent wires or boards.

¢ Do not route traces and vias under crystals or oscillators. Thiswill prevent coupling to or from the
clock. And as ageneral rule, place traces from clocks and drives at a minimum distance from
apertures, by a distance exceeding the largest aperture dimension.
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Figure 64. Trace Routing

Note:
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10.11.2.1.1. Trace Geometry and Length

The key factorsin controlling trace EMI radiation are the trace length and the ratio of trace width to trace
height above the ground plane. To minimize trace inductance, high-speed signals and signal layers close
to aground or power plane should be as short and wide as practical. Ideally, this ratio of trace width to
height above the ground planeis between 1:1 and 3:1. To maintain trace impedance, the width of the
trace should be modified when changing from one board layer to another, if the two layers are not
equidistant from the power or ground plane. Differential trace impedances should be controlled to

~100 Q. It is necessary to compensate for trace-to-trace edge coupling, which can lower the differential
impedance by 10 Q, when the traces within a pair are closer than 0.030” (edge to edge).

Traces between decoupling and 1/0O filter capacitors should be as short and wide as practical. Long-and-
thin traces are more inductive and would reduce the intended effect of the decoupling capacitors. For
similar reasons, tracesto 1/0O signals and signal terminations should be as short as possible. Viasto the
decoupling capacitors should have diameters sufficiently large to decrease series inductance.

10.11.2.1.2. Signal Isolation

Comply with the following rules for signal isolation:

e Separate and group signals by function on separate layers, if possible. Maintain a gap of 70 mils
between al differential pairs (Phoneline and Ethernet) and other nets, but group together associated
differential pairs.

Over the length of the trace run, each differential pair should be at least 0.3" away from any parallel
signal trace.

e Physically group together all components associated with one clock trace, to reduce trace length and
rediation.

e |solate I/O signals from high-speed signals to minimize cross-talk, which can increase EMI emission
and susceptibility to EMI from other signals.

e Avoid routing high-speed LAN or Phoneline traces near other high-frequency signal's associated
with avideo controller, cache controller, processor or other similar device.
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10.11.2.2. Power and Ground Connections

Comply with the following rules and guidelines for power and ground connections:
e All VCC pins should be connected to the same power supply.
e All VSS pins should be connected to the same ground plane.
e Use one decoupling capacitor per power pin for optimized performance.

o Place decoupling as close as possible to power pins.
10.11.2.2.1. General Power and Ground Plane Considerations

To properly implement the common-mode choke functionality of the magnetics module, the chassis or
output ground (secondary side of transformer) should be physically separated from the digital or input
ground (primary side) by at least 100 mils.

Figure 65. Ground Plane Separation

0.01" minimum separation

Separate Chassis Ground Plane Ground plane

GND_Plane_Separ

Good grounding requires minimizing inductance levels in the interconnections. Keeping ground returns
short, signal loop areas small, and power inputs bypassed to signal return will significantly reduce EMI
radiation.
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Comply with the following rules to help reduce circuit inductance in both backplanes and motherboards:

¢ Route traces over a continuous plane with no interruptions (i.e., do not route over a split plane). If
there are vacant areas on a ground or power plane, avoid routing signals over the vacant area. This
will increase inductance and EMI radiation levels.

e To reduce coupling, separate noisy digital grounds from analog grounds.
¢ Noisy digital grounds may affect sensitive DC subsystems.

¢ All ground vias should be connected to every ground plane, and every power via should be
connected to all power planes at equal potential. This helps reduce circuit inductance.

¢ Physically locate grounds between a signal path and its return. Thiswill minimize the loop area.

e Avoid fast riseffall times as much as possible. Signals with fast rise and fall times contain many
high-frequency harmonics, which can radiate EMI.

e The ground plane beneath the filter/transformer module should be split. The RJ45 and/or RJ11
connector side of the transformer module should have chassis ground beneath it. Splitting the
ground planes beneath the transformer minimizes noise coupling between the primary and
secondary sides of the transformer and between adjacent coils in the transformer. There should not
be a power plane under the magnetics module.

e Create a spark gap between pins 2 through 5 of the Phoneline connector(s) and a shield ground of
1.5 mm (59.0 mil). Thiscritical requirement is needed to pass FCC Part 68 testing of the Phoneline
connection.

A 4-Layer Board Design

Top-Layer Routing

Sensitive analog signals are routed compl etely on the top layer without the use of vias. This allows tight
control of signal integrity and removes any impedance inconsistencies due to layer changes.

Ground Plane

It is advisable to provide alayout split (100 mils) of the ground plane under the magnetics module
between the primary and secondary side of the module.

Power Plane
Physically separate digital and analog power planes must be provided to prevent digital switching noise

from being coupled into the analog power supply planes VDD_A. Analog power may be a metal fill
“idand,” separated from digital power, and better filtered than digital power.

Bottom-Layer Routing

Digital high-speed signals, which include al LAN interconnect interface signals, are routed on the
bottom layer.
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10.11.2.4. Common Physical Layout Issues

Design Guide

Common physical layer design and layout mistakesin LAN On Motherboard designs are as follows:

1.

Unequal length of the two traces within a differential pair. Inequalities create common-mode noise
and distort the transmit or receive waveforms.

Lack of symmetry between the two traces within a differential pair. (For each component and/or
viathat one trace encounters, the other trace must encounter the same component or avia at the
same distance from the PLC.) Asymmetry can create common-mode noise, and distort the
waveforms.

Excessive distance between the PLC and the magnetics or between the magnetics and the RJ-45/11
connector. When the total distance exceeds approximately 4”, it can become extremely difficult to
design a spec-compliant LAN product. If they are long, traces on FR4 (fiberglass-epoxy substrate)
will attenuate the analog signals. Also, any impedance mismatch in the traces will be increased if
they are longer (seeitem 9).

Routing any other trace parallel to and close to one of the differential traces. Cross-talk on the
receive channel will induce degraded long-cable BER. When cross-talk gets onto the transmit
channel, it can cause excessive emissions (bel ow the FCC standard) and can cause poor transmit
BER on long cables. Other signals should be kept at least 0.3” from the differential traces.

Routing the transmit differential traces next to the receive differential traces. The transmit trace
closest to one of the receive traces will put more cross-talk onto the closest receive trace, which
can greatly degrade the receiver's BER over long cables. After exiting the PLC, the transmit traces
should be kept 0.3” or more away from the nearest receive trace. In the vicinities where the traces
enter or exit the magnetics, the RJ-45/11 and the PLC are the only possible exceptions.

Use of an inferior magnetics module. The magnetics modules used by Intel have been fully tested
for IEEE PLC conformance, long-cable BER problems, and emissions and immunity. (Inferior
magnetics modules often have less common-mode rejection and/or no auto-transformer in the
transmit channel.)

Another common mistake is using an 82555 or 82558 physical layer schematic in a PLC design.
The transmit terminations and decoupling are different, and there also are differencesin the receive
circuit. Use the appropriate reference schematic or application notes.

Not using (or incorrectly using) the termination circuits for the unused pins at the RJ-45/11 and for
the wire-side center-taps of the magnetics modules. These unused RJ pins and wire-side center-taps
must be correctly referenced to chassis ground viathe proper value resistor and capacitor or
termination plane. If these are not terminated properly, there can be emission (FCC) problems,

| EEE conformance issues, and long-cable noise (BER) problems. The application notes contain
schematics that illustrate the proper termination for these unused RJ pins and the magnetics center-
taps.

Incorrect differential trace impedances. It isimportant to have ~100 Q impedance between the two
traces within a differential pair. This becomes even more important as the differential traces
become longer. It is very common to see customer designs that have differential trace impedances
between 75 Q and 85 Q, even when the designers think they have designed for 100 Q. (To
calculate the differential impedance, many impedance cal culators only multiply the single-ended
impedance by two. This does not take into account edge-to-edge capacitive coupling between the
two traces. When the two traces within a differential pair are kept close (see Note) to each other,
the edge coupling can lower the effective differential impedance by 5 Q to 20 Q. A 10-Q to 15-Q
drop in impedance is common.) Short traces will have fewer problemsif the differential impedance
isalittle off.
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10. Another common problemis to use atoo-large capacitor between the transmit traces and/or too
much capacitance from the magnetic's transmit center-tap (on the 82562ET side of the magnetics)
to ground. Using capacitors with capacitances exceeding afew pF in either of these locations can
slow the 100-Mbps rise and fall times so much that they fail the IEEE rise time and fall time specs,
which will cause the return loss to fail at higher frequencies and will degrade the transmit BER
performance. Caution should be exercised if acap is put in either of these locations. If acap is
used, it should almost certainly be less than 22 pF. (Reasonably good success has been achieved by
using 6-pF to 12-pF valuesin past designs.) Unless there is some overshoot in the 100-Mbps
mode, these caps are not necessary.

Note: It isimportant to keep the two traces within a differential pair close to each other. Keeping them close
improves their immunity to cross-talk and other sources of common-mode noise. Keeping them close
resultsin lower emissions (i.e., FCC compliance) from the transmit traces as well as a better receive BER
for the receive traces. Close should be considered to be less than 0.030” between the two traces within a
differential pair. 0.008” to 0.012" trace-to-trace spacing is recommended.

10.11.3. 82562EH Home/PNA* Guidelines

Related Documents

Title Location
82562EH HomePNA 1-Mb/s Physical Layer Interface Intel's website for developers is at:
Datasheet (Order number: 278313) http://developer.intel.com

82562EH HomePNA 1-Mb/s Physical Layer Interface Brief | Intel's website for developers is at:
Datasheet (Order number: 278314) http://developer.intel.com

For correct LAN performance, designers must follow the general guidelines outlined in Section [L0.11.2
Additional guidelines for implementing a 82562EH Home/PNA* LAN connect component are as
follows.

10.11.3.1. Power and Ground Connections

Obey the following rule for power and ground connections:

¢ For best performance, place decoupling capacitors on the back side of the PCB, directly under the
82562EH, with equal distance from both pins of the capacitor to power/ground.

The analog power supply pins for 82562EH (VCCA, VSSA) should be isolated from the digital VCC
and V SS through the use of ferrite beads. In addition, adequate filtering and decoupling capacitors
should be provided between VCC and VSS as well asthe VCCA and VSSA power supplies.
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Guidelines for 82562EH Component Placement

Component placement can affect the signal quality, emissions, and temperature of a board design. This
section discusses guidelines for component placement.

Careful component placement can:

e Decrease potential problems directly related to el ectromagnetic interference (EMI), which could
result in failure to meet FCC specifications.

o Simplify the task of routing traces. To some extent, component orientation will affect the
complexity of trace routing. The overall objective isto minimize turns and crossovers between
traces.

It isimportant to minimize the space needed for the HomePNA LAN interface, because all other
interfaces will compete for physical space on a motherboard near the connector edge. As with most
subsystems, the HomePNA LAN circuits must be as close as possible to the connector. Thus, it is
imperative that all designs be optimized to fit in avery small space.

Crystals and Oscillators

To minimize the effects of EMI, clock sources should not be placed near 1/O ports or board edges.
Radiation from these devices may be coupled onto the I/O ports or out of the system chassis. Crystals
should also be kept away from the HomePNA magnetics modul e to prevent communication interference.
If they exist, the crystal’s retaining straps should be grounded to prevent the possibility of radiation from
the crystal case, and the crystal should lie flat against the PC board to provide better coupling of the
electromagnetic fields to the board.

For noise-free and stable operation, place the crystal and associated discrete components as close as
possible to the 82562EH. Minimize the length and do not route any noisy signalsin this area.

Phoneline HPNA Termination

The transmit/receive differential signal pair isterminated with a pair of 51.1-Q (1%) resistors. This
parallel termination should be placed close to the 82562EH. The center, common point between the
51.1-Q resistors is connected to a voltage-divider network. The termination is shown in the following
figure.
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Figure 66. 82562EH Termination
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The filter and magnetics component T1 integrates the required filter network, high-voltage impulse
protection, and transformer to support the HomePNA LAN interface.

One RJ-11 jack (labeled “LINE” in the previous figure) allows the node to be connected to the
Phoneline, and the second jack (labeled “PHONE” in the previous figure) allows other down-line devices
to be connected at the same time. This second connector is not required by the HomePNA. However,
typical PCI adapters and PC motherboard implementations are likely to include it for user convenience.

A low-pass filter, setup in-line with the second RJ-11 jack, also is recommended by the HomePNA to
minimize interference between the HomeRun connection and a POT's voice or modem connection on the
second jack. This restricts of the type of devices connected to the second jack as the pass-band of this
filter is set approximately at 1.1 MHz. Refer to the HomePNA website (www.homepna.org) for up-to-
date information and recommendations regarding the use of this low-pass filter to meet HomePNA
certifications.
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There are three dimensions to consider during layout. Distance ‘B’ from the line RJ11 connector to the
magnetics module, distance ‘C' from the phone RJ11 to the LPF (if implemented), and distance ‘A’ from
82562EH to the magnetics module (see the following figure).

Figure 67. Critical Dimensions for Component Placement

10.11.3.5.1. Distance from Magnetics Module to Line RJ11
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Thisdistance ‘B’ should be given highest priority and should be less then 1. Regarding trace symmetry,
route differential pairs with consistent separation and with exactly the same lengths and physical

dimensions.

Asymmetrical and unequally long differential pairs contribute to common-mode noise. This can degrade

the receive circuit performance and contribute to emissions radiated from the transmit side.
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10.11.3.5.2. Distance from 82562EH to Magnetics Module

Due to the high speed of signals present, distance ‘A’ between the 82562EH and the magnetics should
also be lessthan 1", but should be second priority relative to distance from connects to the magnetics
module.

Generally speaking, any section of trace intended for use with high-speed signals should be subject to
proper termination practices. Proper signal termination can reduce reflections caused by impedance
mismatches between the device and traces route. The reflections of a signal may have a high-frequency
component that may contribute more EMI than the original signal itself.

10.11.3.5.3. Distance from LPF to Phone RJ11

Thisdistance ‘C' should be lessthen 1”. Regarding trace symmetry, route differential pairswith
consistent separation and with exactly the same lengths and physical dimensions.

Asymmetrical and unequally long differential pairs contribute to common-mode noise. This can degrade
the receive circuit performance and contribute to emissions radiated from the transmit side

10.11.4. 82562ET / 82562EM Guidelines

10.11.4.1.

130

Related Documents
e 82562ET Platform LAN Connect (PLC) Datashest
e PCB Design for the 82562 ET/EM Platform LAN Connect

For correct LAN performance, designers must follow the general guidelines outlined in Section [L0.11.2
Additional guidelines for implementing a 82562ET or 82562EM LAN connect component are as
follows.

Guidelines for 82562ET / 82562EM Component Placement

Component placement can affect the signal quality, emissions, and temperature of a board design. This
section provides guidelines for component placement.

Careful component placement can:

e Decrease potential problems directly related to el ectromagnetic interference (EMI), which could
result in failure to meet FCC and | EEE test specifications.

o Simplify the task of routing traces. To some extent, component orientation will affect the
complexity of trace routing. The overall objective isto minimize turns and crossovers between
traces.

It isimportant to minimize the space needed for the Ethernet LAN interface, because all other interfaces
will compete for physical space on a motherboard near the connector edge. Aswith most subsystems, the
Ethernet LAN circuits must be as close as possible to the connector. Thus, it isimperative that all designs
be optimized to fit in avery small space.
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10.11.4.2. Crystals and Oscillators

To minimize the effects of EMI, clock sources should not be placed near 1/O ports or board edges.
Radiation from these devices may be coupled onto the I/O ports or out of the system chassis. Crystals
should also be kept away from the Ethernet magnetics module to prevent interference with
communication. If they exist, the retaining straps of the crystal should be grounded to prevent possible
radiation from the crystal case. Also, the crystal should lie flat against the PC board to provide better
coupling of the electromagnetic fields to the board.

For noise-free and stable operation, place the crystal and associated discrete components as close as
possible to the 82562ET or 82562EM . Keep the trace length as short as possible and do not route any
noisy signalsin this area.

10.11.4.3. 82562ET / 82562EM Termination Resistors

The 100-Q2 (1%) resistor used to terminate the differential transmit pairs (TDP/TDN) and the 100-Q
(1%) receive differential pairs (RDP/RDN) should be placed as close as possible to the LAN connect
component (82562ET or 82562EM). Thisis due to the fact that these resistors terminate the entire
impedance seen at the termination source (i.e., 82562ET), including the wire impedance reflected
through the transformer.

Figure 68. 82562ET/82562EM Termination
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10.11.4.4. Critical Dimensions
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Caution:

Note:

Figure 69. Critical Dimensions for Component Placement

There are two dimensions to consider during layout. Distance ‘B’ from the line R345 connector to the
magnetics module and distance ‘A’ from the 82562ET or 82562EM to the magnetics module (see the
following figure).
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Distance from Magnetics Module to RJ45

The distance A in the previous figure should be given the highest priority in board layout. The separation
between the magnetics module and the RJ45 connector should be kept lessthan 1”. The following trace
characteristics are important and should be observed:

o Differential impedance: The differential impedance should be 100 Q. The single-ended trace
impedance will be approximately 50 Q. However, the differential impedance can a so be affected by
the spacing between the traces.

e Trace Symmetry: Differential pairs (e.g., TDP and TDN) should be routed with consistent
separation and with exactly the same lengths and physical dimensions (e.g., width).

Asymmetric and unequal length tracesin the differential pairs contribute to common-mode noise. This
can degrade the receive circuit’s performance and contribute to emissions radiated from the transmit
circuit. If the 82562ET must be placed farther than a couple of inches from the RJ45 connector, distance
B can be sacrificed. It should be a priority to keep the total distance between the 82562ET and RJ-45 as
short as possible.

The measured trace impedance for layout designs targeting 100 Q often result in lower actual impedance.
OEM s should verify actua trace impedance and adjust their layouts accordingly. If the actual impedance
is consistently low, atarget of 105-110 Q should compensate for second-order effects.
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Distance from 82562ET to Magnetics Module

Distance B should also be designed to be less than 1" between devices. The high-speed nature of the
signals propagating through these traces requires that the distance between these components be closely
observed. In general, any section of traces intended for use with high-speed signals should be subject to
proper termination practices. Proper termination of signals can reduce reflections caused by impedance
mismatches between device and traces. The reflections of a signal may have a high-frequency component
that contributes more EMI than the original signal itself. For this reason, these traces should be designed
to a 100-Q differential value. These traces should also be symmetric and of equal length within each
differential pair.

Reducing Circuit Inductance

The following guidelines show how to reduce circuit inductance in both backplanes and motherboards.
Traces should be routed over a continuous ground plane with no interruptions. If there are vacant areas
on aground or power plane, the signal conductors should not cross the vacant area. This increases
inductance and associated radiated noise levels. Noisy logic grounds should be separated from analog
signal grounds to reduce coupling. Noisy logic grounds can sometimes affect sensitive DC subsystems,
such as analog-to-digital conversion, operational amplifiers, etc. All ground vias should be connected to
every ground plane. Similarly, every power via should be connected to all power planes at equal
potential. This helps reduce circuit inductance. Another recommendation is to physically locate grounds
so as to minimize the loop area between asignal path and its return path. Rise and fall times should be as
slow as possible. Because signals with fast rise and fall times contain many high-frequency harmonics,
that can radiate significantly. The most sensitive signal returns closest to the chassis ground should be
connected together. Thiswill result in a smaller loop area and reduce the likelihood of cross-talk. The
effect of different configurations on the amount of cross-talk can be studied using electronics modeling
software.

Terminating Unused Connections

In Ethernet designs, it is common practice to terminate to ground both unused connections on the RJ-45
connector and the magnetics module. Depending on the overall shielding and grounding design, this may
be done to the chassis ground, signal ground or atermination plane. Care must be taken when using
various grounding methods to ensure that emission requirements are met. The method most often
implemented is called the “Bob Smith” termination. In this method, a floating termination planeis cut out
of apower plane layer. This floating plane acts as a plate of a capacitor with an adjacent ground plane.
The signals can be routed through 75-Q resistors to the plane. Stray energy on unused pinsis then carried
to the plane.

Termination Plane Capacitance

The recommended minimum termination plane capacitance is 1500 pF. This helps reduce the amount of
cross-talk on the differential pairs (TDP/TDN and RDP/RDN) from the unused pairs of the RJ45. Pads
may be placed for an additional capacitance to chassis ground, which may be required if the termplane
capacitance is not large enough to pass EFT (electrical fast transient) testing. If a discrete capacitor is
used, it should be rated for at least 1000 Vac, to satisfy the EFT requirements.
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Figure 70. Termination Plane
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10.11.5. 82562ET / 82562EH Dual Footprint Guidelines

These guidelines characterize the proper layout for a dual-footprint solution. This configuration enables
the developer to install either the 82562EH or the 82562ET/82562EM components, while using only one
motherboard design. The following guidelines are for the 82562ET/82562EH dual-footprint option. The
guidelines called out in Section [L0.11.2]apply to this configuration. The dual footprint for this particular
solution uses a SSOP footprint for 82562ET and a TQFP footprint for 82562EH. The combined footprint
for this configuration is shown in the following two figures.

Figure 71. Dual-Footprint LAN Connect Interface
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Figure 72. Dual-Footprint Analog Interface
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The following are additional guidelines for this configuration:

L=15"1t045

Stub < 0.5”

Either 82562EH or 82562ET/82562EM can be installed, but not both.
82562ET pins 28,29, and 30 overlap with 82562EH pins 17,18, and 19.
Overlapping pins are tied to ground.

No other signal pads should overlap or touch.

Signal linesLAN_CLK, LAN_RSTSYNC, LAN_RXD[0], LAN_TXD[0Q], RDP, RDN, RXP/Ring,
and RXN/Tip are shared by the 82562EH and 82562ET configurations.

No stubs should be present when 82562ET isinstalled.
Packages used for the dual footprint are TQFP for 82562EH and SSOP for 82562ET.

A 22-Q resistor can be placed at the driving side of the signal line to improve signal quality on the
LAN connect interface.

Resistor should be placed as close as possible to the component.

Use components that can satisfy both the 82562ET and 82562EH configurations (i.e., magnetics
module).

Install components for either the 82562ET or the 82562EH configuration. Only one configuration
can beinstalled at atime.

Route shared signal lines such that stubs are not present or are kept to a minimum.

Stubs may occur on shared signal lines (i.e RDP and RDN). These stubs are due to traces routed to
an uninstalled component.

Use 0-Q resistors to connect and disconnect circuitry not shared by both configurations. Place
resistor pads along the signal line to reduce stub lengths.
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10.12.

LPC/FWH

10.12.1. In-Circuit FWH Programming

All cycles destined for the FWH will appear on the PCI. The ICH2 hub interface-to-PCl Bridge puts all
processor boot cycles out on the PCI (before sending them out on the FWH interface). If the ICH2 is set
for subtractive decode, these boot cycles can be accepted by a positive decode agent out on PCI. This
enables booting from a PCl card that positively decodes these memory cycles. To boot from a PCI card,
it is necessary to keep the ICH2 in the subtractive decode mode. If a PCI boot card isinserted and the
ICH2 is programmed for positive decode, two devices will positively decode the same cycle. In systems
with the 82380AB (I1SA bridge), it is also necessary to keep the NOGO signal asserted when booting
from a PCl ROM. Note that it is not possible to boot from a ROM behind the 82380AB. Once you have
booted from the PCI card, you potentially could program the FWH in circuit and program the ICH2
CMOS.

10.12.2. FWH Vpp Design Guidelines

136

The Vpp pin on the FWH is used for programming the flash cells. The FWH supportsa Vpp of 3.3V or
12 V. If Vppis 12V, theflash cellswill 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 that is
typically an event that occurs very infrequently (much less than 80 hours). The VPP pin MUST betied to
3.3 V on the motherboard.
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11. Clocking

For an Intel® 815 chipset-based system, there are two clock specifications. One is for atwo-DIMM
solution, and the other is for athree-DIMM solution.

11.1. 2-DIMM Clocking

11.1.1. Clock Generation

Table 30. Intel® CK815 (2-DIMM) Clocks

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]
e 7 copiesof PCI clock (33 MHz) (3.3V)
e 2 copiesof APIC clock @ 33 MHz, synchronous to processor clock (2.5 V)
e 1 copy of 48-MHz USB clock (3.3 V) (non-SSC) (type 3 buffer)
e 1 copy of 48-MHz DOT clock (3.3 V) (non-SSC) (see DOT details)
e 3copiesof 3-V, 66-MHz clock (3.3 V)
e 1 copy of REF clock @ 14.31818 MHz (3.3 V)
o Ref. 14.31818-MHz xtal oscillator input
e Power-down pin
e Spread-spectrum support

e |1C support for turning off unused clocks
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11.1.2. 2-DIMM Clock Architecture

Figure 73. Intel® 815 Chipset Clock Architecture
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11.2. 3-DIMM Clocking

11.2.1. Clock Generation

Table 31. Intel® CK815 (3-DIMM) Clocks

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 48-MHz clocks 48 MHz
3 3-V, 66-MHz clocks 66 MHz
1 REF clock 14.31818 MHz

Features (56-pin SSOP package)

Design Guide

13 copies of SDRAM clocks

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

1 copy of ref. clock @ 14.31818 MHz (3.3 V)

Ref. 14.31818-MHz xtal oscillator input

Spread-spectrum support

I1C support for turning off unused clocks

Intel® 815E Chipset Platform
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11.2.2.

3-DIMM Clock Architecture

Figure 74. 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 ICH2.

Figure 75. Clock Routing Topologies
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Table 32. 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
ICH2 HUBCLK Layout 4 N/A <0.5” A+8 N/A
ICH2 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 down? Layout 4 N/A <0.5” A+85 N/A
to
A+14”
PCl slot? Layout 1 N/A <0.5” A+5"
to
A+117
NOTES:

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

2. All PCI clocks must be within 6” of the ICH2 PCICLK route length. Routing on PCI add-in cards must be
included in this length. In the presented solution space, ICH2 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 of PCI device and slot clocks, as long as all PCI clock lengths are within 6”. Note that the ICH2
PCICLK length is fixed to meet the skew requirements of ICH2 PCICLK to ICH2 HUBCLK.

General Clock Layout Guidelines
¢ All clocks should be routed 5 mils wide with 15-mil spacing to any other signals.

¢ |t isrecommended to place capacitor siteswithin 0.5” of the receiver of al clocks. They are useful
in system debug and AC tuning.

e Seriesresistor for clock guidelines: 22 Q for GMCH SCLK and SDRAM clocks. All other clocks
use 33 Q.
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Clock Decoupling

Several general layout guidelines should be followed when laying out the power planes for the CK815
clock generator, as follows:

¢ |solate power planesto the each of the clock groups.

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

e Connect pinsto appropriate power plane with power vias (larger than signal vias).

¢ Bulk decoupling should be connected to a 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 Anexample signal viaisa 14-mil finished hole with a 24-mil to 26-mil path. An example power via
isan 18-mil finished hole with a 33-mil to 38-mil path. For large decoupling or power planes with
large current transients, alarger power via is recommended.

Clock Driver Frequency Strapping

A CK-815-compliant clock driver device uses two of its pins to determine whether processor clock
outputs should run at 133 MHz , 100 MHz or 66 MHz. The pin names are SEL0 and REFO. In addition,
athird strapping pinis defined (SEL 1), which must be pulled High for normal clock driver operation.
Refer to the appropriate CK-815 clock driver specification for detailed strap timings and the logic
encoding of straps.

SEL 0 and REFO are driven by either the processor, which depends on the processor populated in the
370-pin socket, or pull-up resistors on the motherboard. While SELO is a pure input to a CK-815-
compliant clock driver, REFO is aso the 14-MHz output that drives the ICH2 and other devices on the
platform. In addition to sampling straps at reset, CK-815-compliant clock drivers are configured by the
BIOS via atwo-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., activein S0, S1, S3, $4, S5) power
supply. This enables the clock driver to seamlessly maintain its configuration register settings while
switching between ACPI deep and wake states. The following figure shows the block diagram of the
recommended clock frequency strapping network, with implementation considerations.
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Figure 76. Recommended Clock Frequency Strapping Network
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For the platform to properly come out of reset, the clock driver straps powered from the standby supply
must be isolated from any logic that powers off in ACPI sleep states.
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Power Delivery
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The following figure shows the power delivery architecture for an example Intel® 815E chipset platform.
This power delivery architecture supports the “Instantly Available PC Design Guidelines’ viathe
suspend-to-RAM (STR) state.

During STR, only the necessary devices are powered. These devices include: main memory, the ICH2
resume well, PCl wake devices (via 3.3 Vaux), AC' 97, and optionally USB. (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 devicesin the system), it is necessary to create a dual power rail.

The solutionsin this Design Guide are only examples. Many power distribution methods achieve the
similar results. When deviating from these examples, it is critical to consider the effect of a change.
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Figure 77. Power Delivery Map
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Thermal Design Power

Thermal Design power (TDP) is defined as the estimated maximum possible expected power generated
in acomponent by arealistic 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 is5.1W.
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Figure 78. G3-S0 Transistion
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This section shows the timings between various signals during different power state transitions.
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Figure 79. S0-S3-S0 Transition
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Figure 80.

S0-S5-S0 Transition
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Table 33. Power Sequencing Timing Definitions

Symbol Parameter Min. Max. Units
t1 VceSUS good to RSMRSTH# 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 Vcc3.3core good to CPUSLP# inactive 50 ns
t8 Vce3.3core good to PWROK active * *
t9 Vcc3.3core 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 ICH2 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 ICH2 to frequency straps invalid 180 ns
t17 Cycle 2 from ICH2 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

The pull-up and pull-down values are system dependent. The appropriate value for a system can be
determined from an AC/DC analysis of the pull-up voltage used, the current drive capability of the output
driver, the 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-voltage/l ow-voltage specifications, the input timing
specifications (RC rise time), etc. Analysis should be performed to determine the minimum/maximum
values usable 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 - V|H M|N) / |LEAKAGE MAX

R|\/||N = (VCCPU MAX - V||_ MAX) / |o|_ MAX

Since | geakace MAX isnormally very small, Ryax may not be meaningful. Ryax aso is determined by
the maximum allowable rise time. The following calculation alows for t, the maximum allowable rise
time, and C, the total load capacitance in the circuit, including the input capacitance of the devicesto be
driven, the output capacitance of the driver, and the line capacitance. This calculation yields the largest
pull-up resistor allowable to meet therise time't.

Ruax = -t/ (C * In(1-(Viu MIN / Vccry MIN) ) )

Figure 81. Pull-up Resistor Example

Design Guide
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ATX Power Supply PWRGOOD Requirements

The PWROK signal must be glitch free for proper power management operation. The ICH2 sets the
PWROK_FLR hit (ICH2 GEN_PMCON_2, General PM Configuration 2 Register, PM-dev31: function
0, bit 0, at offset A2h). If thisbit 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 insure that PWROK signal designs are glitch free.

Power Management Signals

A power button is required by the ACPI specification.

PWRBTN# is connected to the front panel on/off power button. The ICH2 integrates 16-ms
debouncing logic on this pin.

AC power loss circuitry has been integrated into the ICH2 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
ICH2 is at the 3-V level. The RSMST# signal requires a minimum time delay of 1 msfrom the
rising edge of the standby power supply voltage. A Schmitt trigger circuit is recommended to drive
the RSMRST# signal. To provide the required rise time, the 1-ms 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 aresistor divider from VCC5.

The PWROK signal to the chipsetisa 3-V signal.
The core well power valid to PWROK asserted at the chipset isaminimum of 1 ms.
PWROK to the chipset must be deasserted after RSMRST#.

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

RI# can be connected to the serial port if thisfeature is used. To implement ring indicate as a wake
event, the RS232 transceiver driving the RI# signal must be powered when the ICH2 suspend well is
powered. This can be achieved with a serial port transceiver powered from the standby well that
implements a shutdown feature.

SLP_S3# from the ICH2 must be inverted and then connected to PSON of the power supply
connector to control the state of the core well during sleep states.

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 1ost)
S3 - STR (Suspend to RAM)
4 - STD (Suspend to Disk)

S5 - Soft-off
e Wake: Pressing the power button wakes the computer from S1-S5.
e Sleep: Pressing the power button signal s software/firmware in the following manner:

e |f SCI isenabled, the power button will generate an SCI to the OS.
— The OS will implement the power button policy to allow orderly shutdowns.
— Do not override this with additional hardware.

e If SCl isnot 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.
— Alwaysinstall an SMI handler for the power button that operates until ACPI is enabled.

e Emergency Override: Pressing the power button for 4 seconds goes directly to S5.
— Thisisonly to be used in EMERGENCIES when system is not responding.
— Thiswill cause the user data to be lost in most cases.

¢ Do not promote pressing the power button for 4 seconds as the normal mechanism to power the
machine off. Thisviolates ACPI.

e To be compliant with the latest PC9x specification, machines must appear to the user to be off when
in the S1-$4 deeping states. This includes:
— All lights, except a power state light, must be off.
— The system must be inaudible: silent or stopped fan, drives off.

¢ Note: Contact Microsoft for the latest information concerning PC9x and Microsoft Logo programs.

1.8V/3.3V Power Sequencing

The ICH2 has two pairs of associated 1.8V and 3.3V supplies. Theseare {Vccl 8, Vec3 3} and
{VccSusl 8, VecSus3 3}. These pairs are assumed to power up and power down together. The
difference between the two associated supplies must never be greater than 2.0V. The 1.8V supply
may come up before the 3.3V supply without violating this rule (though thisis generally not practical ina
desktop environment, since the 1.8V supply istypically derived from the 3.3V supply by means of a
linear regulator).

One serious consequence of violation of this"2V Rule" is electrical overstress of oxide layers, resulting
in component damage.
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The mgority of the ICH2 I/O buffers are driven by the 3.3V supplies, but are controlled by logic that is
powered by the 1.8V supplies. Thus, another consequence of faulty power sequencing arisesif the 3.3V
supply comes up first. In this case the I/O buffers will be in an undefined state until the 1.8V logicis
powered up. Some signals that are defined as "Input-only" actually have output buffers that are normally
disabled, and the ICH2 may unexpectedly drive these signalsif the 3.3V supply is active while the 1.8V
supply is not.

The figure below shows an example power-on sequencing circuit that ensuresthe “2V Rule” is obeyed.
Thiscircuit usesaNPN (Q2) and PNP (Q1) transistor to ensure the 1.8V supply tracks the 3.3V supply.
The NPN transistor controls the current through PNP from the 3.3V supply into the 1.8V power plane by
varying the voltage at the base of the PNP transistor. By connecting the emitter of the NPN transistor to
the 1.8V plane, current will not flow from the 3.3V supply into 1.8V plane when the 1.8V plane reaches
18v.

Figure 82. Example 1.8V/3.3V Power Sequencing Circuit

+3.3V +1.8v

3
1

220

Q2 »
Q1
NPN PNP

When analyzing systems that may be "marginally compliant” to the 2V Rule, please pay close attention
to the behavior of the ICH2's RSMRST# and PWROK signals, since these signals control internal
isolation logic between the various power planes:

e RSMRST# controls isolation between the RTC well and the Resume wells.

e PWROK controls isolation between the Resume wells and Main wells

If one of these signals goes high while one of its associated power planesis active and the other is not, a
leakage path will exist between the active and inactive power wells. This could result in high, possibly
damaging, internal currents.
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12.5. Power Plane Splits

Figure 83. Power Plane Split Example
¥ ™

pwr_plane_splits

12.6. Thermal Design Power

The thermal design power is the estimated maximum possible expected power generated in a component
by arealistic 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 thermal design power for the ICH2 is 1.5 W £15%.
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12.7. Glue Chip 3 (Intel® ICH2 Glue Chip)

To reduce the component count and BOM cost of the ICH2 platform, Intel has developed an ASIC
component that integrates miscellaneous platform logic into asingle chip. The Glue Chip 3 is designed to
integrate some or all of the following functions into a single device. By integrating much of the required
gluelogic into a single device, overall board cost can be reduced.

Features
e PWROK signal generation
e Control circuitry for Suspend To RAM
e Power Supply power up circuitry
e RSMRST# generation
o Backfeed cutoff circuit for suspend to RAM
e 5V reference generation
e Flash FLUSH#/ INIT# circuit
e HD single color LED driver
o |DE reset signal generation/PCIRST# buffers
¢ Voltagetrangdation for Audio MIDI signal
e Audio-disable circuit
¢ Voltage trandlation for DDC to monitor
e Tri-state buffersfor test

More information regarding this component is available from the following vendors.

Vendor Contact Contact Information
Fujitsu Customer Response Center 3545 North 1st Street, M/S 104
Microelectronics San Jose, CA 95134-1804

phone: 1-800-866-8600
fax: 1-408-922-9179
email: fmicrc@fmi.fujitsu.com

Mitel Semiconductor Greg Kizik 1735 Technology Drive
Regional Business Manager Suite 240

San Jose, CA 95110

phone: 408-451-4723

fax: 408-451-4710

e-mail: greg_kizik@mitel.com
http://www.mitelsemi.com
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Design Review Checklist

Introduction

This checklist highlights design considerations that should be reviewed prior to manufacturing a
motherboard that implements an Intel® 815E chipset. Thisis not a complete list and does guarantee that a
design will function properly. For items other than those in the following text, refer to the latest revision
of the Design Guide for more-detailed instructions regarding motherboard design.

Design Checklist Summary

The following set of tables provides design considerations for the various portions of a design. Each
table describes one of those portions and istitled accordingly. Contact your Intel Field Representative in
the event of questions or issues regarding the interpretation of the information in these tables.

Processor Checklist

GTL Checklist

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

DBSY#, DEFER#, DRDY#,
HA[31:3]#, HD[63:0}#, HIT#,
HITM#, LOCK#, REQ[4:0J#,
RS[2:0]#, TRDY#

BREQ[O]# (BRO#) 56 Q pull-down resistor to ground

RESET#, RESET2# Terminate to Vtt1.5 through 86 Q resistor, decoupled through 22 Q resistor in
series with 10 pF capacitor to ground. Connect to GMCH. Also terminated to
Vtt1.5 through 86 Q resistor.

CMOS Checklist

Checklist Iltems Recommendations

IERR# 150 Q pull-up resistor to VCCcmos if tied to custom logic, or leave as No Connect
(not used by chipset)
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Checklist Iltems

Recommendations

PREQ# 200-330 Q pull-up resistor to VCCcmos / Connect to ITP or else leave as No
Connect.
THERMTRIP# 150 Q pull-up resistor to VCCcmos, and connect to power off logic or leave as No

Connect

A20M#, CPUSLP#,
IGNNE#, INIT#, INTR, NMI,
SLP#, SMI#, STPCLK#

Connect to ICH2. External pull-ups are not needed.

FERR# Requires external weak pull-up to VCCcwmos.
PWRGOOD 330 Q pull-up to VCC2_5 / Connect to POWERGOOD logic.
V1T Route VTT to all components on the host bus.

TAP Checklist for 370-Pin Socket Processors

Checklist Items

Recommendations

TCK, TMS 1 KQ pull-up resistor to VCCcmos / 47-Q series resistor to ITP
TDI 200-330 Q pull-up resistor to VCCcmos / Connect to ITP.
TDO 150 Q pull-up resistor to VCCcmos / Connect to ITP.

TRST# 680 Q pull-down resistor to ground / Connect to ITP.

PRDY# 150 Q pull-up 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—-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 pull-up resistor to 2.5 V. Connect to
CK815 SELO input. Connect to GMCH LMD29 pin via 10-kQ series resistor.

Case 2 (100/133-MHz support): 1-kQ pull-up resistor to 2.5 V. Connect to
PWRGOOD logic such that a logic Low on BSELO negates PWRGOOD.

BSEL1

1-kQ pull-up resistor to 2.5 V. Connect to CK815 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 1.25-V reference with a 4.7-
WF decoupling capacitor. Resistor divider must be created from 1% tolerance
resistors. Do not use VTT as source voltage for this reference!

CPUPRES#

Tie to ground. Leave as No Connect or connect to PWRGOOD logic to gate
system from powering on if no processor is present. If used, 1-kQ to 10-kQ pull-up
resistor to any voltage.

EDGCTRL/VRSEL

For Intel® Pentium® I1I processors, pulled high to VCCcore with a 51 Q resistor.

PICCLK

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

PLL1, PLL2

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

RTTCTRL® (S35),
SLEWCTRL (E27)

110-Q £ 1% pull-down 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 No connect for Intel® Pentium® I processors

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.

VCCcore 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 pull-up resistor to 3.3 V. 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 pull-up resistor to
power solution-compatible voltage is required (usually pulled up to input voltage of
the VR). Some of these solutions have internal pull-ups. 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 Iltems

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 1.5-V 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: AK30, AM2, F10, L33, N33, N35,
N37, Q33, Q35, Q37, R2, W35, X2, Y1

AA33, AA35, AN21, E23,
S33, S37, U35, U37

A platform using an Intel® 815E chipset is not compatible with an Intel® Celeron™
processor (PPGA). These pins must be connected directly to Vit.

G37

No Connect

GMCH Checklist

AGP Interface 1X Mode Checklist

Checklist Items

Recommendations

RBF#, WBF#, PIPE#,
GREQ#, GGNT#, GPAR,
GFRAME#, GIRDY#,
GTRDY#, GSTOP#,
GDEVSEL#, GPERR#,
GSERR# , ADSTBO,
ADSTB1, SBSTB

Pull up to VDDQ through 8.2 kQ

ADSTBO#, ADSTB1#,
SBSTB#

Pull down to ground through 8.2 kQ

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 5 V through 2.7 kQ. / Follow ref. schematics (other device connections).
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Hub Interface Checklist

Checklist Items

Recommendations

HUBREF

Connect to HUBREF generation circuitry.

HL_COMP

Pull up to VCC1.8 through 40 Q (both GMCH and ICH2 side).

Digital Video Output Port Checklist

Checklist Items

Recommendations

VREF — Connector side only

Connect to voltage divider circuit near Digital Video Out connector (see ref.
Schematics).

ICH2 Checklist

PCI Interface

Checklist Iltems

Recommendations

All

All inputs to the ICH2 must not be left floating. Many GPIO signals are fixed inputs that
must be pulled up to different sources. See GPIO section for recommendations.

PERR#, SERR#
PLOCK#, STOP#
DEVSEL#, TRDY#
IRDY#, FRAME#
REQ#[0:4],
GPIO[0:1], THRM#

These signals require a pull-up resistor. Recommend an 8.2 KQ pull-up resistor to VCC3.3
or a 2.7 KQ ohm pull-up resistor to VCC5. See PCI 2.2 Component Specification for pull-
up recommendations for VCC3.3 and VCC5.

PCIRST# The PCIRST# signal should be buffered to form the IDERST# signal.
33 Q series resistor to IDE connectors.
PCIGNT# No external pull-up resistors are required on PCI GNT signals. However, if external pull-up
resistors are implemented they must be pulled up to VCC3.3.
PME# No extra pull-up resistors These signals have integrated pull-up resistors of 9 KQ +3 KQ.
SERIRQ External weak (8.2 KQ) pull-up resistor to VCC3.3 is recommended.
GNT[AJ# /GPIO[16], | No extra pull-up needed. These signals have integrated pull-ups of 24 KQ.
gggﬁ/?]em[s]#/ GNTI[A] has an added strap function of “top block swap”. The signal is sampled on the

rising edge of PWROK. Default value is high or disabled due to pull-up. A Jumper to a pull-
down resistor can be added to manually enable the function.
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Hub Interface

Checklist Items

Recommendations

HL[11] No pull-up resistor required. Use a no-stuff or a test point to put the ICH2 into NAND chain
mode testing
HL_COMP Tie the COMP pin to a 40Q 1% or 2% (or 39 Q - 1%) pull-up resistor (to VCC1.8) via a

10-mil wide, very short (~0.5 inch) trace. ZCOMP No longer supported.

LAN Interface

Checklist Recommendations
Iltems
LAN_CLK Connect to LAN_CLK on Platform LAN Connect Device.
LAN_RXDI[2:0] Connect to LAN_RXD on Platform LAN Connect Device. ICH2 contains integrated 9 KQ pull-
up resistors on interface.
LAN_TXD[2:0] Connect to LAN_TXD on Platform LAN Connect Device.
LAN_RSTSYNC

NOTES:

1. LAN connect interface can be left NC if not used. Input buffers internally terminated.
2. In the event of EMI problems during emissions testing (FCC Classifications) you may need to place a
decoupling cap (~470 pF) on each of the 4 LED pins. Reduces emissions attributed to LAN subsystem.

EEPROM Interface

Checklist Recommendations
Items

EE_DOUT Prototype Boards should include a placeholder for a pulldown resistor on this signal line, but
do not populate the resistor. Connect to EE_DIN of EEPROM or CNR Connector.
Connected to EEPROM data input signal (input from EEPROM perspective and output from
ICH2 perspective).

EE_DIN No extra circuitry required. Connect to EE_DOUT of EEPROM or CNR Connector. ICH2
contains an integrated pull-up resistor for this signal.
Connected to EEPROM data output signal (output from EEPROM perspective and input from
ICH2 perspective).

FWH/LPC Interface

Checklist Recommendations
Iltems
FWH[3:0)/ No extra pull-ups required. ICH2 Integrates 24 KQ ohm pull-up resistors on these signal lines.
LADI[3:0]
LDRQ[1:0]
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13.4.6. Interrupt Interface

Checklist Recommendations
Items
PIRQ#[D:A] These signals require a pull-up resistor. The recommendation is a 2.7 KQ pull-up resistor to

VCC5 or 8.2 KQ to VCC3.3.

In Non-APIC Mode the PIRQx# signals can be routed to interrupts 3, 4, 5, 6, 7, 9, 10, 11, 12,
14 or 15 as described in the Interrupt Steering section. Each PIRQx# line has a separate
Route Control Register.

In APIC mode, these signals are connected to the internal I/0O APIC in the following fashion:
PIRQ[AJ# is connected to IRQ16, PIRQ[BJ# to IRQ17, PIRQ[C]# to IRQ18, and PIRQ[DJ# to
IRQ19. This frees the ISA interrupts.

PIRQ#[G:F)/ These signals require a pull-up resistor. Recommend a 2.7 KQ pull-up resistor to VCC5 or
GPIO[4:3] 8.2 KQ to VCC3.3.

In Non-APIC Mode the PIRQx# signals can be routed to interrupts 3, 4, 5, 6, 7, 9, 10, 11, 12,
14 or 15 as described in the Interrupt Steering section. Each PIRQx# line has a separate
Route Control Register.

In APIC mode, these signals are connected to the internal I/0O APIC in the following fashion:
PIRQI[E]# is connected to IRQ20, PIRQ[F]# to IRQ21, PIRQ[G]# to IRQ22, and PIRQ[H]# to
IRQ23. This frees the ISA interrupts.

PIRQ#[H] These signals require a pull-up resistor. Recommend a 2.7 KQ pull-up resistor to VCC5 or
PIRQH[E] 8.2 KQ to VCC3.3.

Since PIRQ[H]# and PIRQ[E]# are used internally for LAN and USB controllers, they cannot
be used as GPIO(s) pin.

APIC If the APIC is used:
150 Q pull-up resistors on APICD[0:1]
Connect APICCLK to CK133 with a 20-33 Q series termination resistor.

If the APIC is not used on UP systems:
The APICCLK can either be tied to GND or connected to CK133, but not left floating.
Pull APICD[0:1] to GND through 10 KQ pull-down resistors.

Use pull-downs for each APIC signal. Do not share resistor to pull signals up.

13.4.7. GPIO Checklist

Checklist Items Recommendations
All Ensure ALL unconnected signals are OUTPUTS ONLY!
GPIOJ[7:0] These pins are in the Main Power Well. Pull-ups must use the VCC3.3 plane. Unused

core well inputs must be pulled up to VCC3.3. These signals are 5V tolerant.

GPIO[1:0] can be used as REQ[A:B]#. GPIO[1] can also used as PCI REQ[5]#.

[13:11], GPIOI[8] These pins are in the Resume Power Well. Pull-ups must use the VCCSUS3.3 plane.
These are the only GPI signals in the resume well with associated status bits in the
GPE1_STS register. Unused resume well inputs must be pulled up to VCCSUS3.3. These
signals are not 5V tolerant.

These are the only GPlIs that can be used as ACPI compliant wake events.

GPI0[23:16] Fixed as output only. Can be left NC. In Main Power Well. GP1022 is open drain.

GPI0J[24,25,27,28] These 1/0O pins can be NC. These pins are in the resume power well.
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13.4.8. USB

Checklist Items

Recommendations

USBP[3:0]P
USBP[3:0]N

See Figure 1 for circuitry needed on each differential Pair.

VCC USB (Cable
power)

It should be powered from the 5V core instead of the 5V standby, unless adequate standby

power is available.

Voltage drop
considerations

The resistive component of the fuses, ferrite beads and traces must be considered when
choosing components, and power and GND trace widths. Minimize the resistance between

the V5 power supply and the USB ports to prevent voltage drop.

Sufficient bypass capacitance should be located near the USB receptacles to minimize the
voltage drop that occurs during the hot plugging a new device. For more information, see the

USB specification.

Fuse

A fuse larger than 1A can be chosen to minimize the voltage drop.

Figure 84. USB Data Line Schematic

|
|
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Driver
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Transmission line

USB twisted-pair cable

usb_data_line_schem
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Power Management

Checklist Recommendations
Iltems

THRM# Connect to temperature Sensor. Pull-up if not used.

SLP_S3# No pull-up/down resistors needed. Signals driven by ICH2.

SLP_S5#

PWROK This signal should be connected to power monitoring logic, and should go high no sooner than
10 ms after both Vcec3_3 and Vcc1_8 have reached their nominal voltages

PWRBTN# No extra pull-up resistors. These signals have integrated pull-ups of 9 KQ 13 KQ.

RI# RI# does not have an internal pull-up. Recommend an 8.2 KQ pull-up resistor to Resume well
If this signal is enabled as a wake event, it is important to keep this signal powered during the
power loss event. If this signal goes low (active), when power returns the RI_STS bit will be set
and the system will interpret that as a wake event.

RSMRST# This signal should be connected to power monitoring logic, and should go high no sooner than
10 ms after both VccSus3_3 and VccSus1_8 have reached their nominal voltages. Can be
tied to RSMPWROK on Desktop Platforms.

13.4.10. Processor Signals

Design Guide

Checklist
Items

Recommendations

A20M#,
CPUSLP#,
IGNNE#, INIT#,
INTR, NMI,
SMI#, STPCLK#

Internal circuitry has been added to the ICH2, external pull-up resistors are not needed.

FERR# Requires Weak external pull-up resistor to VCCcwmos.

RCIN# Pull-up signals to VCC3.3 through a 10 KQ resistor.

A20GATE

CPUPWRGD Connect to the processor's CPUPWRGD input. Requires weak external pull-up resistor.
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13.4.11. System Management

Checklist Recommendations
Iltems
SMBDATA Requires external pull-up resistors. See SMBus Architecture and Design Consideration section
SMBCLK to determine the appropriate power well to use to tie the pullup resistors. (Core well, suspend

well, or a combination.)

Value of pull-up resistors determined by line load. Typical value used is 8.2 KQ.

SMBALERT#/ See GPIO section if SMBALERT# not implemented

GPIO[11]

SMLINK][1:0] Requires external pull-up resistors. See SMBus Architecture and Design Consideration section
to determine the appropriate power well to use to tie the pullup resistors. (Core well, suspend
well, or a combination.)

Value of pull-up resistors determined by line load. Typical value used is 8.2 KQ.

INTRUDER# Pull signal to VCCRTC (VBAT), if not needed.

13.4.12. I1SA Bridge Checklist

Checklist Iltems Recommendations
ICH2 GPO[21] / MISA Connect ICH2 GPO[21] to MISA NOGO input.
NOGO input

If GPO[21] is not available on the ICH2, any other GPO that defaults High in the
system can be used. GPOJ[21] is the only ICH2 GPO that defaults high.

ICH2 AD22 / MISA IDSEL Connect ICH2 AD22 to the MISA IDSEL input.
input

13.4.13. RTC

Checklist Recommendations
Iltems
VBIAS The VBIAS pin of the ICH2 is connected to a .047 uF cap. See Figure 2
RTCX1 Connect a 32.768 kHz Crystal Oscillator across these pins with a 10 MQ resistor and use

RTCX2 12 pF decoupling caps at each signal.

The ICH2 implements a new internal oscillator circuit as compared with the P1IX4 to reduce
power consumption. The external circuitry shown in Figure 2 below will be required to
maintain the accuracy of the RTC.

The circuitry is required since the new RTC oscillator is sensitive to step voltage changes in
VCCRTC and VBIAS. A negative step on power supply of more than 100 mV will temporarily
shut off the oscillator for hundreds of milliseconds.

RTCX1 may optionally be driven by an external oscillator instead of a crystal. These signals
are 1.8V only, and must not be driven by a 3.3V source.
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Figure 85. ICH2 Oscillator Circuitry
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13.4.14. AC'97
Checklist Items Recommendations
AC_BITCLK No extra pull-down resistors required.

When nothing is connected to the link, BIOS must set a shut off bit for the internal keeper
resistors to be enabled. At that point, you do not need pull-ups/pull-downs on any of the link
signals.

AC_SYNC No extra pull-down resistors required. Some implementations add termination for signal
integrity. Platform specific.

AC_SDOUT Requires a jumper to 8.2 KQ pull-up resistor. Should not be stuffed for default operation.

This pin has a weak internal pull-down. To properly detect a safe_mode condition a strong
pull-up will be required to over-ride this internal pull-down.

AC_SDINI[1], Requires pads for weak 10 KQ pull-downs. Stuff resistor for unused AC_SDIN signal or
AC_SDIN[0] AC_SDIN signal going to the CNR connector.

AC_SDINI[1:0] are inputs to an internal OR gate. If a pin is left floating, the output of the OR
gate will be erroneous.

If there is no codec on the system board, then both AC_SDIN[1:0] should be pull-down
externally with resisters to ground.

CDC_DN_ENAB# If the primary codec is down on the motherboard, this signal must be low to indicate the
motherboard codec is active and controlling the AC '97 interface.
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Figure 86.
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Checklist
Items

Recommendations

SPKR

disabled.

disabled.

No extra pull-up resistors. Has integrated pull-up of between 18 KQ and 42 KQ. The integrated
pull-up is only enabled at boot/reset for strapping functions; at all other times, the pull-up is

A low effective impedance may cause the TCO Timer Reboot function to be erroneously

Effective Impedance due Speaker and Codec circuitry must be greater than 50 KQ or a means
to isolate the resistive load from the signal while PWROK is low be found. see following figure.

TP[O] Requires external pull-up resistor to VCCSUS3.3

FS[0]
manufacturing appears in XOR tree.

Rout to a testpoint. ICH2 contains an integrated pull-up for this signal. Testpoint used for

SPKR Circuitry

Integrated Pull-up
18 kQ - 42 kQ

Stuff jumper to
disable time-out

feature.
R<7.3kQ

Effective Impedence
due to speaker and
codec circuit.

Reff > 50 kQ

Speaker_Circuit
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Figure 87.
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Checklist Recommendations
Iltems

V_CPU_IO[1:0] The power pins should be connected to the proper power plane for the processor 's CMOS
Compatibility Signals. Use one 0.1 uF decoupling cap.

VccRTC No clear CMOS jumper on VccRTC. Use a jumper on RTCRST# or a GPI, or use a safemode
strapping for Clear CMOS

Vce3.3 Requires six 0.1 uF decoupling caps

VccSus3.3 Requires one 0.1 uF decoupling cap.

Vce1.8 Requires two 0.1 uF decoupling caps.

VccSus1.8 Requires one 0.1 uF decoupling cap.

5V_REF SUS Requires one 0.1 uF decoupling cap.
V5REF_SUS only affects 5V-tolerance for USB OC[3:0] ins and can be connected to
VcecSUS3_3 if 5V tolerance on these signal is not required.

5V_REF 5VREF is the reference voltage for 5V tolerant inputs in the ICH2. Tie to pins VREF[2:1].

5VREF must power up before or simultaneous to Vcc3_3. It must power down after or
simultaneous to Vcc3_3. Refer to the figure below for an example circuit schematic that may
be used to ensure the proper 5VREF sequencing.

V5REF Circuitry

Vcc Supply
(3.3V) 5V Supply
1 KQ
—Pl NNVN——o
1.0 uF
4 v
To System VREF To System

vref_circuit
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IDE Checklist

Checklist Recommendations
Items

PDD[15:0], No extra series termination resistors or other pull-ups/pull-downs are required. These signals

SDD[15:0] have integrated series resistors. NOTE: Simulation data indicates that the integrated series
termination resistors can range from 31 ohms to 43 ohms.
PDD7/SDD7 does not require a 10 KQ pull-down resistor. Refer to ATA ATAPI-4 specification.

PDIOW#, No extra series termination resistors. Pads for series resistors can be implemented should the

PDIOR#, system designer have signal integrity concerns. These signals have integrated series

PDDACK#, resistors. NOTE: Simulation data indicates that the integrated series termination resistors can

PDA[2:0], range from 31 ohms to 43 ohms.

PDCS1#,

PDCS3#,

SDIOWH#,

SDIOR#,

SDDACK#,

SDA[2:0],

SDCS1#,

SDCS3#

PDREQ No extra series termination resistors. No pull-down resistors needed.

SDREQ These signals have integrated series resistors in the ICH2. These signals have integrated pull-
down resistors in the ICH2.

PIORDY No extra series termination resistors. These signals have integrated series resistors in the

SIORDY ICH2. Pull-up to VCC3.3 via a 4.7 KQ resistor.

IRQ14, IRQ15 Recommend 8.2 KQ—10 KQ pull-up resistors to VCC3.3.
No extra series termination resistors.

IDERST# The PCIRST# signal should be buffered to form the IDERST# signal. A 33 ohm series
termination resistor is recommended on this signal.

Cable Detect: Host Side/Device Side Detection:
Connect IDE pin PDIAG/CBLID to an ICH2 GPIO pin. Connect a 10 KQ resistor to GND on the
signal line. The 10 KQ resistor to GND prevents GPI from floating if no devices are present on
either IDE interface. Allows use of 3.3V and 5V tolerant GPIOs.
Device Side Detection:
Connect a 0.047 pF capacitor from IDE pin PDIAG/CBLID to GND. No ICH2 connection.
NOTE: All ATA66/ATA100 drives will have the capability to detect cables

Note: The maximum trace length from the ICH2 to the ATA connector is 8 inches.
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Figure 88.

Figure 89.
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Host/Device Side Detection Circuitry
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IDE drive IDE drive
. 5V
To secondary E
IDE connector 10 kQ f— 10 kQ
GPIO 40-((;Zgldeuctor E .
ICH2 PDIAGH#/ PDIAG# f— PDIAG#
CBLID# L —
GPIO
IDE drive IDE drive
\\
5V ! 5V
To secondary -
IDE connector 10 kKQ — 10 kQ
80-conductor =
ero IDE cable ~_ .
ICH2 PDIAGH PDIAG# = PDIAG#
CBLID#
GPIO
10 kQ
= = Open
IDE_combo_cable_det
Device Side Only Cable Detection
IDE drive IDE drive
. 5V
2 = 10 kQ
7 40-conductor p—
. cable = ~_
ICH2 PDIAGH/ E PDIAG# p— PDIAG#
CBLID# 2
0.047 uF _T_
= IDE drive IDE drive
5V 5V
10 kQ 10 kQ
80-conductor
IDE cable
\ \
ICH2 PDIAGH PDIAG# PDIAG#
CBLID#
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171




Intel® 815E Chipset Platform

13.5.

172

LPC Checklist

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 /0 LPC_PME# to a resume well GPI on the ICH2.

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

ICH2 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)

J1IBUTTON1, JPBUTTON2,
J2BUTTONT1, J2BUTTON2

Pull up through 1-kQ resistor to Vcc5. Decouple through 47-pF cap to GND.

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-pFcap to ground.

RI#1_C, CTS0_C,
RXD#1_C, RXDO_C,
RIO_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 cap 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 cap to GND.

LFRAME#

No required pull-up resistor

LDRQ#0

No required pull-up resistor

STROBE#, ALF#,
SLCTIN#, PAR_INIT#

Signal passes through a 33-Q resistor and is pulled up through a 2.2-kQ resistor to
Vcc5_DB25_CR. Decoupled using a 180-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#,
DSKCHG#, WRTPRT#

Pull up through 1-kQ resistor to Vcc5.

PDRO, PDR1, PDRZ2,
PDR3, PDR4, PDR5,
PDR6, PDR7

Passes through 33-Q resistor.

Pull up through 2.2 kQ to Vcc5_DB5_CRD and couple through 180-pF cap to
GND.

SYSOPT

Pull down with 4.7-kQ resistor to GND or 10 address of 0x02E.

Design Guide



Intel® 815E Chipset Platform

13.6. System Checklist

Checklist Items Recommendations
KEYLOCK# Pull up through 10-kQ resistor to Vce3_3.
PBTN_IN Connects to PBSwitch and PBin.
PWRLED Pull up through a 220-Q resistor to Vcc5.
R_IRTX Signal IRTX after it is pulled down through 4.7-kQ resistor to GND and passes

through 82-Q resistor.

IRRX Pull up to 100-kQ resistor to Vcc3_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 Vccb.

PWM1, PWM2 Pull up through a 4.7-kQ resistor to Vcc3_3.

13.7. FWH Checklist

Checklist Items Recommendations
No floating inputs Unused FGPI pins must be tied to a valid logic level.
WPROT, TBLK_LCK Pull up through a 4.7-kQ resistor to Vcc3_3.
R_VPP Pulled up to Vce3_3 and decoupled with two 0.1-uF caps to GND.
FGPIO_PD, FGPI1_PD, FGPI2_PD, Pull down through a 8.2-kQ resistor to GND.
FPGI3_PD, FPGI4_PD, IC_PD
FWH_ID1, FWH_ID2, FWH_ID3 Pull down to GND.
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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13.8.

174

Clock Synthesizer Checklist

Checklist Items

Recommendations

REFCLK

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

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
Vce3_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 oscillator.
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_VCC2_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_6, APICCLK_CPU/APIC_0,
APICCLK)ICH/APIC_1, USBCLK/USB_0,
GMCH_3V66/3V66_1, AGPCLK_CONN

Passes through 33-Q resistor.

MEMCLKO/DRAM_0, MEMCLK1/DRAM_1,
MEMCLK2/DRAM_2, MEMCLK3/DRAM_3,
MEMCLK4/DRAM_4, MEMCLKS5/DRAM_5,
MEMCLK6/DRAM_6, MEMCLK7/DRAM_7,
SCLK

Pass through 22-Q resistor.
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13.10.
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ITP Probe Checklist

Checklist Items

Recommendations

R_TCK, TCKR_TMS, TMS

Connect to 370-Pin socket through 47-Q resistor and 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.

System Memory Checklist

Checklist Items

Recommendations

SM_CSA#[0:3, SM_CSB#[3:0,
SMAA[11:8,3:0], SM_MD[0:63],
SM_CKE[0:3], S_DQM[0:7]

Connect from GMCH to DIMMO, DIMM1.

SM_MAA[7:4], SM_MAB[7:4]#

Connect from GMCH to DIMMO, DIMM1 through 10-Q resistors.

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.

CKEI5...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 the Intel® 815E chipset does not support registered
DIMMs).

WP(Pin 81 on the DIMMS)

Add a 4.7-kQ pull-up resistor to 3.3 V. This recommendation write-protects the
DIMM’'s EEPROM.

SRCOMP

Needs a 60-Q resistor pulled up to 3.3 V.
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13.11.

176

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 and be between
(1.795 V to 1.905 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 the 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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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 asa
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 1/0O (Vendors Contact Phone)

e SMSC Dave Jenoff (909) 244-4937

¢ Natiobnal Semiconductor Robert Reneau (408) 721-2981

e 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://devel oper.intel .com/desi gn/motherbd/se/se_ mem.htm

Voltage Regulator Vendors (Vendors Contact Phone)

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

e Celedtica Dariusz Basarab 416-448-5841

e Corsair Microsystems John Beekley 888-222-4346

e DédtaElectronics 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 section provides a set of schematics for the Intel® 815E chipset’s Customer Reference Board
(CRB).
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o HA#29 B 6 HD#35 3 s HD#38
4 . HA#27 4 s HD#33 . . HD#28
56 56 56
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
AGTL TERMINATION 1.0
. oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
mtéwoo PRAIRIE CITY RD INTEL (R) PCG SheeT
<] 7 6 75 4 3 | FOLSOM, CA956320 LAST‘RE\/\SED 124798 5 or42
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1 VCC3SBY
o
Clock Synthesizer
C155 =
VCC3SBY 22UF VCC3SBY
o o o
L
L14
=8t 1
VvCce3 3 oo & Y Y Y & PCIV: MEMV3 & & & & & ® Y
_l.c1aa Lme L47 Lme LW lc158 lc159 lc1o7 c108 lcs4 ng Lso J;m _lcaaz
= =
VegasBY ~22UF |0.1UF |001UF |0.1UF |001UF |0.1UF |.001UF l001UF Jo.1UF Joo1UF JoauF [oo1UF [o.1UF o 22UF
>
u10 R44 =
ICH2 CLK14 Rp4 1 W
15 8.2K
33 : 5
2
u1s J
c143 @
18PF APIC [T apic L e Ras APICCLK_CPU 4
veez 3 4. R REFCLR2S o 6 R39 APICCLK_ICH 1
3 A/\/\/—ﬂ » 2| XTAL_IN 33
10K & —14.318MHZ cpu o 194 crug 1R41 e CPUHCLK 4
SI0_CLK1R64 cus REF CcPU [ cpu1 53 ¢ | 33 TRap. GMCHHCLK 7
17 e = | ° s o | yrar out - ? 33 R42 ITPCLK 4
18PF , \
REFCLK 4| cerrseL SpRaM_0 |21 oravo RAS MEMCLKO o MENCLIGULD 11,1213
vy oDRAM 1 |50 omav 1R45 MEMCLK1
= B
xs9 15 ICH2_3V66 R68, 366 0 10 | 466 0 SDRAM_2 47 oram2|22  RA46, MEMCLK2
GMCH_3V66 R25 33 aves 1 11 -" ] 3v66 46 oram3R47,,,,22  MEMCLK3
u4 M 33 * avee_1 SDRAM.S 145 omams [22 " RA8. . MEMCLK4
HUBPRB_3V66 R65 SDRAM_4
<lm 41 > Memo coRAM 5 |42 orawsR49,,, 22 """ MEMCLK5
il 14<_PCLK 0/CH2 R62 pao 15| L oien Y| onam e AL omws|22 RS0, ., MEMCLKG
CLKOUTR98 16 | ¢ voure mrer (L 33 R73 Py 16| 07 PCl SDRAM 7 138 DRaw 7R51,,, 22 *° " MEMCLK?
33 o' ool 33 - soram g |37 oraws |22 " R71,,, MEMCLK8
PCLK_1R75 2| ka8 8 s2 18 CK-815E obam o | 36__oraw 9R69, ., 22 ' MEMCLK9
PCLK 3 33 ""'R78 3 w>> 2l soram 1o 133 _oraw 122 "' R67, , MEMCLK10
18 PClK aryy,,, 33 14 | CHKA 3-DIMM oA 11 |32 orau uR66, ., 22 MEMCLK1L vees 5
Pcik 5 33" R7g 15 | rnn Butrer |2 129 ba |22 *"RE2,,, DCLK WR  , ¢ .
33 10 AGPCLK CONN R70 12|, - 22
% cLkeltl g o 33 owRoWNE B2L CK_PWRDN# _, 37 .
¥ CLKBI2l &y 15_USBCLK R79 26 | Uss o scLi 122 CK SMBCLK | » -
¥——7 ClkBiel 3 3 < DOTCLK R8O 10 27 yony _lUSB soaTa |23 CK_SMBDATA,_ o7 m
x—==- cikep] 22 33 TRISTATES B28
18 FREQSEL .
BE VCC3SBY L CHYDDA 20| oo A SELO 4
ci152 | c153 - voD2_5[0] | 2@ Lveez s
19 VDD2_5[1] 56 ; L2 L2
il o s OIUF  |001UF VesA vssz_sio 152 LSS lC87 2 cass
L o1 | 4.7UF
m VSS2_5[1] 001UF  [p1ur o
J ]
- O M~ TOT DM 0N
AN OO |0
Notes: L
- CK-815E ballout is Rev 0.9
- Place all decoupling caps as close to VCC/GND pins as possible -
- PCI_O/ICH pin has to go to the ICH.
(This clock cannot be turned off through SMBus)
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
CLOCK SYNTHESIZER 1.0
R o PCG PLATFORM DESIGN DRAWN BY: PROJECT:
”f@moo PRAIRIE CITY RD INTEL (R) PCG S
FOLSOM, CA 95630 LAST REVISED: 12-17-99 6 or42
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GMCH, Part 1; Host Interface, Power and GND
VTTJ(.)_S
vzt Laat HD#0 35
HDO#
B2 HD#1
R55 :g;: AF2 HD#2
Place C123, C124 close to GMCH 86 Mooy [AD4 HD#3
GTLREF . oY GTireFA HDa# ABL HD#4
AALD | 1 ReFB HD5# [£B3 :Bzg
HHCLK AAT GMCH HD6# W
GMC HCLK
° M35 ReseT# PART1 Ho7# C1 HD#8
T# AR5 CpURsTH HO8# aFa HD#9
124 CPURS cl
12 & hitocks L CPuRST HOST INTERFACE, R
OIUF  PauF , e e
45 «—pabeR" o] DEFER# POWER AND GND Howe AES  HDRLL
43 N o HD12% b3 HD#13
BNRy# BNR# HD13#
45 RI# M5, AFL HD#14
o 5 3 ooy PO Pasa HD#15
= 45 DBSY# 333 pesv# HD15# W
’ DRDY# J1 ROV HD16# ADS  PDFD
42 K1 “AC3 HD#17
a3 T iy HoLTE o HD#18
PCIRST# e HITM# L3 e T Cae1 HD/18
10,14,16,17,18,19,20,26 s HTRDY# K3 1irRove Hoias A58 HD#19
' [AF4  HD#20 |
HA#[31:3] HD20# #21
35 : s pa| 1S Hoz1# O :8#22
HA#4 2% 0w HD2L Lac
HA#5 T2 piner Ifo 85 HD#23
] HD23#
HA#6 R3 é ) AF5 HD#24
HAG# 382 HD24#
HA#7 N5, IEZW c6 HD#25
v <xag HD25# HD#26
HA#B P50 Has# Eape b Hp2os DAFS  HD#26 |
HA#9 R1 NN AD11 HD#27
HAQH S0y HD27#
HA#10 uL R AF8 HD#28
HA0# pgagepal HD28#
HA#11 P2, =) D8 HD#29
HAL1# maoNZa HD2o# (ADB PODFEI |
HA#12 T4 patos TSR ADS HD#30
- <50 S HD30#
HA#13 T3, 2] ~ [N b | AB7 HD#31
HA13# = T “@-Z20 HD31#
HA#14 P3 Liara a Iy LIE<g AF7 HD#32
< 2 w<sSd HD32# 23
HA#15 TS5 Ha1s# N ; Porzd FAD7 HD#
o Ao HD33# D¥#34
a1 RS Hate# ) b v 7>399 B8 H
- N Lrgda HD34#
HA#17 V5, < ] O Sshitzq CAE7 HD#35
HAL7# S b=t 2 Sy¥eoay HD35#
HA#18 v2 < o C S84 ) HD#36
HA18# 2 o o oz HD36#
HA#19 V33 pasox < o S NYgS¥ Hpa7# B HD#37
HA#20 W1 © < < WHIddN F9 HD#38
HA20# 32 8 - 58zl HD38#
HA#21 U4, o ) o v>gsgs AD10 HD#39
HA21# < ~ RPN N HD39#
HA#22 V2 ook o T g S i Hpao# [AF12 HD#40
HA#23 W3 a23s ! < ~NWHEYSZzQ FAB11 HD#41
3 NEU>S28 HDA41#
HA#24 wa oo = S, SIUZRE] ap10 HD#42
~ 3 SReId HDA42# HD#a3
HA#75 Y5 Ha2s# e SR SHLE3=S Hpag# PAD9  HD#43 ]
HA#26 Y5 38 Loz S gryn AClo __ HD#44
HA26# C & N = Dcligangn HDA44# 3
HA#27 Y3 pa27s EN w g LG22 PAF10 HD#45 |
I~ - > ) ) HD45#
HA#28 us <> 8 S «sUBZESR Fapia  HD#46
HA28# <5 S AL gEd So HD46#
HA#29 Y1 - © o osJs3-=¢ “AD12 HD#47
HA29# o= ~ S 39S EsT HDAT#
HA#30 W5+ 1iaz0# z s N JUSSegg HDags [AB12 HD#48
HA#31 V1, § < B SINgEST AE1L HD#49
rAs 9= 25 20 98RdY e o o beso
: 25 m W so0 > dn PAELS ~ HD#O0 |
HREQ#[4:0] HREQ#0 MI | eeqok 3¢ < 9 3<3ge fﬂ :gz‘l’i AF11 HD#51
HREQ#1 N1 ox & 3 0 <9E5>ad0 AF13 HD#52
HREQL# 2L g9 NlHow=g HD52# ey
HREQ#2 M2 HREQ2# (< g 2 [SE4S "2 B14 HD
N o 3 L2=a HD53# FD#ed
HREQ#3 L5 HreqQs# g0 § 2 g sES8ss=20 Hpsa# AF14  HD#54 ]
HREQ#4 NG <o % B = o 8KOZTEN FAB13 HD#55
HREQH @0 : w Jd N <e B¢w 30 HDS5# “AB15 HD#56
RS#[2:0] RS#0 K2 38 a 2y 0<ecayy HOoo Paeis  HD#57 |
RS0# fuw s @ g o 505529 HD57# D458
RS#1 Ll rsi# 8 8y ¥ Y olggdey Hpsg# AC14  HD#58 |
RS#2 | HL, €y £ @ g ¢ WwIoSaTh [AD13  HD#59
RS2# 20 € 3 §F yNSodme HD59# 0
W 0 M ¥ L OWAN Ao |~AD15 HD#
I a5 < t<acaol HDG0# (£ 22 FD#eL
A o m ol
D0 0 3 aaaaagaag HDG1#
00 O 0O g z2z2zzzzz22 HDG2# [AFLS HD#62
55555 0006000060 HoG Pacte HD#63
C90 .
g‘(:‘g:ts‘stteug/(‘:; el T INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV.
of clock ball (V6). 18PF GMCH: HOST INTERFACE 1.0
. oPCG PLATFORM DESIGN DRAWN BY: PROJECT
m@moo PRAIRIE CITY RD INTEL (R) PCG SOEET
- FOLSOM, CA 95630 Lssr sevseo 121799 7 or 42
2
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GMCH, Part 2; Memory Interface

) SM_MDJ[63:0]
SM_MAAIZ0] g yano o1 b 1.D23 SM_MDO 111213
11,12,13 SV MAAL Dot SMARD avpa €22 SM_MD1
SM_MAA2 F12 25:2 swpz (222 gm mgg GMCH RESET STRAPS
SM_MAAS AL6 | gyans SMD3 "1 SM_MD4 R BSELO#
SM_MAA4 P4 B12 SMDa 4 R BSELO#
5 ry SMAA4 G20 SM_MD5
gm mxg . 5 Al2 | gyans SMDS 10 SM_MD6 4 »YCOREDET
Cl11 SMD6
N SMAA6
Place HUBREF Generation SM_MAA7 AL cunnr smp7 220 gm mg; 4,6, RREFCLK
Circuit in middle of SM_MAAg & LT T D12 | gune SMD8 Zi?, SM_MD9
GMCH and ICH. gm mxio 18 | guine S;’;‘fg D19 SM_MD10
vCC1_8 SM_MAALL pi| SMAnL0 Swmbi1 E18 SM_MD11
h SM_MAA12 Fg] SmaaiL swp12 | B18 SM_MD12
SM_MAB([7:4J# SMAALZ svbis | F18 SM_MD13 dddd
12 < - SM_MABA4# B15 G18 SM_MD14 RP37
s T SMAB4# SMD14
SM_MABS5# Al5+ cvaBsH smp1s P17 SM_MD15
SM_MABG# °© 14| cunpor ovDte | A3 SM_MD16
SM_MAB7# 2 AL Cliap7s smpi7 LAL SM_MD17 an
SM_MAC[ZAE = ) yacas w1 smps |-CL SM_MD18 R
13 ¥ . B10 | gyaca# F2 SM_MD19
SM_MACS5# Al0 SMD19
SM_MAC6# _© 3 SMACS# w20 |63 SM_MD20
9,14,41 oM MAGTH T S0 smace# avbo1 | D6 SM_MD21 SM_WE#
- . A9 | smacrs omnas €5 SM_MD22 = m 8111213
co2 111213 SM_BS[1:0] SM BSO Y B13 | coeo omDos | B4 SM_MD23 Host Freq; high = 100, low = 66
oo SM_BS1 p11 | gpor GMCH swz4 (22 SML_MD24 SM_MAAS o 811,12,13
SM_CSA#[5:0 | 81112,
11,12,13 _ 20 gm ggﬁzg D159 scsaox 2xggz D3 SM_MD26 FSB P-MOS kicker; high = NON-Cu, low = Cu
oM Gt b Sﬂ SCSAL# PART 2 VD27 LE4 SM_MD27
| SM _CSA#2 D14y gogppy Fs SM_MD28
—gm ggﬁzi Bl scsasy SYSTEM MEMORY 233?2 G4 SM_MD29
SM CSA#5 pis] SCSAY smp3o {38 SM_MD30 SM_CAS# g g11,12,13
| SM ESATS  Bl7H gesasy K5 SM_MD31 S
111213 SM_CSB#[5:0] SM CSB#0 F9 scsmoi 253;; A6 SM_MD32 Host Freg; high = 133, low = 100/66
SM_CSB#1 F8 ocopis onas |25 SM_MD33
SM_CSB#2 D104 gcgpos Ssvp34 |-B24 SM_MD34
SM_CSB#3 D9 ocaman ovbas | A24 SM_MD35
SM_CSB#4 B9 B23 SM_MD36
SM_CSB#5 an| SCSB4? SMD36 ™ o3 SM_MD37
———=""—= %0 SCSBS# SMD37 JFg SM_BS0
SM RASH# 16 onas |-c22 SM_MD38 m4,8,11,12,13
8111213 W 3ASH 80 srass avibag |42 SM_MD39 Reserved Stiap
8,11,12,13 ¢—H-A 215 scasw arDag | D21 SM_MD40 I8 SM BSlg g111513
8,11,12,13 . SwE# B21 SM_MD41
SM_CKE[5:0] SMD41 SM /LM muxing strap, active low
11,12,13 SM_CKEO D8 | sckeo svpaz 421 SM_MD42 JR9 SM_MAALL
SM_CKE1 EB | ooxen orDas €20 SM_MD43 — % = 8111213
SM_CKE2 E9 | ooxeo oDas | B20 SM_MD44 10Q depth; high = 4;fow = 1
SM_CKE3 D7 A20 SM_MD45 p10 SM_MAALZ
SM_CKE4 ca | SOKE3 SMDAS 7o SM_MD46 C— —®s8l111213
SCKE4 SMD46 Reserved Stap
SM_CKES €7 | sckes SMD47 219 gm mgjg P11 SMMAAD o
— RS
SMD48 y1d,1s,
6 DCLK_WR a F7 | soik SMmDag |-A2 SM_MD49 ALLZ; high = Normal, low = ALLZ
%610 | RESVD smpso |-BL SM_MD50
E1 SM_MD51 P12 SM RA
SMD51 8,11,12,13
G2 SM_MD52
SMD52 XOR chain; high = Normal, low = XOR
c140 S oo les  sm_mDs3_|
vccasey  22PF 11,12,13 = . SM_DQMO D16 | spomo smps 22 YRV d o d o o d
RP35
SM DgMz ] soam voee [es SM_MD56 RP39
SM_DQM3 a6 | SDQM2 avbay | D2 SM_MD57
= SM_DQM4 a1 | DOV svpss | E2 SM_MD58
SM_DOMS5 ci7 | SPQM4 avines |F4 SM_MD59 T dd e ] 0K
REO SM_DQM6 T F6 SM_MD60
40 SM_DQM7 a5 | SDQMe SMDEO 1 SM_MD61 -0
1% SDQM? oo L SM_MD62
C7 | srcomp SMDe3 |34 SM_MD63 4 1
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
GMCH: SYSTEM MEMORY 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@moo PRAIRIE CITY RD INTEL (R) PCG SHEET
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GMCH, Part 3; AGP/Display Cache, and Video Interface
GAD[3L:0] uat
10 - GADO K26 GADOILDQMO — LTVDATAQ |-AD16 FTDO TD[11:0! 26
GADL 922 | G Ap1/LMDA4 LTVDATAL [-AFL7 FTDL
GAD2 K25 | Gapaimp7 LTVDATA2 | —AEL7 FTD2
GAD3 921 | GAp3ILMD3 LTVDATA3 [-ADL7 FTD3
GADA L24 | GapaiMD6 LTVDATA4 [AF18 FTD4
GADS 920 1 G Aps/LMD2 LTVDATAs [-AD18 FTDS P
GAD6 126 | Cane/mDs VIDEO DIGITAL OUT LTVDATAG | AF20 FTD6
GAD7 K23 INTERFACE AD20 FTD7
vooQ GAD7/LMD1 LTVDATA?
GADS8 K22 | 5 apgimMDo LTVDATAg [-AC20 FTD8
GAD9 M25 1 GaDo/LMAS LTVDATA9 [-AF2L FTD9
GAD10 M24 | Ap10/LDQM1 LTVDATAL0 [—AE2L FTD10
GAD11 M26 | Gap11/LmMA2 LTVDATA11 [-AD2L FTD11
GAD12 M21 | )12/ MDS BLANK# PAB19 FTBLNK# 26
R170 5S00PF GAD13 N24 | 5ap13/MAS TVCLKIN/SL_STALL [-AC18 SL_STALL
R171 GAD14 N22 | Gap14/LMDY cLkouTo |-AELS FTCLKO 26
1K
82 GAD15 N26 | cap15/LMAL GMCH cLkouT1 |-AF19 FTCLK1 26 »
1% GAD16 T26 | - AD16/LMAS Twsyne |-AC16 FTVSYNC 26
10 wCMCH AGPREF GAD17 122 | 5 ap171MD14 PART3 TvHsYNC [-ABL7 FTHSYNC 26
GAD18 u24
R168 oo 2 cADIBLMALL DISPLAY CACHE, LTvDA L_AAZ0 3VFTSDA 26,27
GAD19/LMD15 AB21 3VFTSCL ’
1% gﬁgég Y26 | Gap20/LMA9 VIDEQO, LTveL 26,27
GAD22 Vs | GAD2LLMOIS AND
GAD23 21 gig;gtmg? obCCK | AB18 3vDDCCL 27
GAD24 V25 | gpo e HUB INTERFACE  Oocoa [Aa8 3VDDCDA . 5 5
1 gﬁgég V21 | GAD25/LMD18 DCLKREF -AE24 DOTCLK 6
- CADY xzi GAD26/LCASH IWASTE Zé023 \REFPD
CADSS GAD27/LMD19 IREF
GAD29 Wiz | CADEBILTCLKL vsvnG LAF22 CRT VSYNC ., ,,
W22 | GAD29LMDZ0 GRAPHICS INTERFACE AF23 CRT_HSYNC
GAD30 w26 HSYNC 27
CADIL oy | GADIOLTCLKO ~ED | AD22 VID_RED et
GCBE#(30 GAD31/LMD21 i VIS GREEN 7
10 S ggggzg H28 GeseoriLMAS BLUE [-AE28 VID_BLUE 27
GCBE#2 ’:ié GCBE1#/LMD10 — o L2 GMCH 3V66 . 2
CohEis GCBE2#/LMD13 hLo LH2a HLO 14
Y265 GCBE3#ILRASH HL1 | H26 HL1 HL[L0:0] !
GFRAME# R26 | o H25 HL2 -
10 GDEVSEL# P26 o MAL0 HL2 HL3
10 GDEVSEL#/LMD11 HLg {824 VCC1_8
GIRDY# P23 F24 HL4
10 GIRDY#/LMD12 HL4
10 GTRDY# P21+ IRDY#/LMAT HLs |-E26 HLS Place Resistor as Close
10 GSTOP# P25 GsTop#iLcs# HLe [E25 HL6 as possible to GMCH
10 GPAR R24 | GpaRILMAG HUB I/F HL7 (D26 HL7
10 GREQ# AE26 D25 HL8 R103 B
GREQ#/LMD27 HL8 40
10 GGNT# AD25, D24 HL9
PIPE# Aczs | SONT 9 o6 HL10 e
10 PIPE#/LMD24 HL10 HUBRED
ADSTBO M22 HusreF +H2L 8,14,41
10 ADSTBO G25 HLSTB
10 ADSTBO# L2384 \psTRO# HLSTB HLSTB# 14,41
10 ADSTB1 U227 \octar HLSTB# DF26 14,41
10 ADSTB1# V23 ) oermis e Hcomp H20
10 SBSTB Y23 | cporg SBAOILMD31 | AB22 SBAO SBA[7:0] 10
SBSTB# AA24 AB25 SBAl
10 SBSTBH# SBAL/LMD25
ST2:0 STO D24 SBAILDOM? | AB23 SBA2 ]
10 STO/LMD28 AB26 SBA3
ST1 AC24 AGP/DISPLAY CACHE SBA3ILMD26
ST2 Aczs | S1L-DOMS INTERFACE SBA4/LMD23 -AA22 SBA4
ST2/LMD29 SBASLWEs |AAZE SBA5
10 5\/%';1 AD264 gF#/LMD30 SBAGILMD22 Y22 ggﬁ?
10 AB24 \ygry SBA7/LGM_FREQ_SEL Y25
N 10 CONN_AGPREF 324 |\ GPREF RE6 como | | cios -
Place R116 within 0.5" of the GMCH Ball. 26 174 - - Do Not Stuff C196
GRCOMP 1% 0.01UF 18PF Place Site w/in 0.5" N
R10%, OCLK R22 | () ook of clock ball (AA21).
R116 ‘ 10 RCQK_P22 | ociock — q
40
1% Place ascloseas | = = =
C190 —— Cc233 Pogsybletto .GM(I:H INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
0.1UF 22PF anoviastraightto | GMCH: DISPLAY CACHE, VIDEO, AND HUB INTERFACE 1.0
NPO - ) . ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
1 m@moo PRAIRIE CITY RD INTEL (R) PCG SHEET
- - FOLSOM, CA 95630 LAST REVISED: 121799 9 or42
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VCC3_3
AGP Connector " vees
g. SBA[T:0]
g, ST20l
Ji4
AGP4XU_20
AGP_OC# st a
21
AN T TYPEDET# . 10,34
B3 A3
AGPUSBP Bl " e < AGPUSBN
. 21
14,18,19,38 PIRQ#B BB res a8 PIRQ#A 14,18,19,38
vooQ 6 . AGPCLK_CONN 87, oA PCIRST# | 714,16.17,18,19,20,26
0,10 < GREQ# :iw o z GGNT# 910
STO B10 A10 STlI
GIRDY RP50 ST2 eul . ool a1
9,10 L 8 RBF# Bipl Atz PIPE# 9.10
910 mGDEVSEL# , 7 9,10 P \
' B13 A13
10 wOPERR# s . WBF#
10 pCSERRE 4 s SBAO T " s SBATL 910
=
8.2K B16 Al6
9,10 GFRAME# 1 RP49 8 SBA2 Bir| e A7 SBA3
010 g GTRDY# 7 9.10 < SBSTB Bisl <& s AI8 SBSTB# 9.10
9,10 GSTOP# 3 6 ! BIO| oo ol A19
9.10 GPAR 4 5 SBA4 B20| a0 SBAS
R B ok VCC3sSBY SBAG B2l a1 SBAT
B22 A22
o A2y
B24 A24
9 . GAD[31:0] GAD3L 525 eca s n veea s c| A =ADad
B26 A26
RP48 GAD29 B27 A~ GAD28
9,10 GREQ# 1 8 B28| .., s 3 ol A28 Ve
9,10 GGNT# 7 GAD27 829 29 GAD26
9,10 \F,L'Eﬁ 3 6 GAD25 B30 A0 GAD24
9,10 g WPF# = 4 | 5 BaLl oo oo e A3L
8.2K 9.10 ADSTBL B32 15 sron 0. A32 ADSTB1# 9,10
' GAD23 Bl opesyA38 GCBE#3 <
B34 A34 3 301-1%
910 gADSTBO RIS J GAD21 P " s GAD22 Place close to GMCH &
8.2K GAD19 B3 A% GAD20
910 g ADSTBL :Zis > P o e CON_AGPREF
. GAD17 B38 ol A8 GAD18
910 gRBF# :::(4 o < GCBEAE0) GCBE#2 sl %9 GAD16
R160 - B40 A0
910 nSBSTB GIRDY# P e A GFRAME% )
82K 9,10 EA’?RW e 9,10 TYPEDET# 5
vauxz resv_elM2 s 1034 g 5< 200-1%
B43 A43 ¥ z o
o g
B eeeu resv. A4 3
GDEVSEL# HBpcs.ss voca s 548 GTRDY#
B4g N A6
9.10 7.2 i Gstops . o9
10._GPERR# S o] 2 PCIPME} 141819 p—
10 . GSERR# BSOU e AS0 GPAR
910 gADSTBOX  R122 GCBE#1 il s61 GAD15 o.10
ApsTBl RI7 82K 4 B2 g i vono_d A2
910 mE s Y GAD14 Bsa| o A58 GAD13
010 g SBSTBY R159 \ GAD12 Bsal oul #54 GAD11
8.2K GAD10 o o GADT ®
B56 AS6
GAD8 s conlsr GCBEAO
= ADSTBO i wor o7
910 859 crao A0 staosl A9 ADSTBO0# 9.10
' GAD7 860 20 GAD6 ' CONN_AGPREF
B6L . onp, ol ABL 9
GAD5 B62 a2 GAD4
GAD3 B63 63 GAD2
B64 A64
fvDDQ_K VoDQ, INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
GMCH AGPREF GAD1 es o, 265 _GADO AGP CONNECTOR 1.0
9 ! B66 A66 -
[VREF_CG VREF. . ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
. o m@woo PRAIRIE CITY RD INTEL (R) PCG SHEET:
h— e FOLSOM, CA 95630 LAST REVISED: 12-17-99 10 or 42
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162
152
148
138
127
116
107
%
85
78
68
64
54
43
32
23
12

[63:0]

SM_MD)|

8,12,13

System Memory

€9AN NS
C9aN NS
T9AN NS
09aN NS
6SAN NS
8SAN NS
LSAN NS
9GAN_ NS
SSAN NS
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KCLK KOAT LPC47B27X pe 18 PE
24 57 KCLK 22
24 MDAT s BUsY 12 BUSY 2
24 MCLK o MDAT Ack# |80 ACK# 2
1438 RCIN# - MCLK KYBD/MSE I/F ERROR# 8L ERROR# 2
14'::: A20GATE KBDRST ALFy |82 ALF# 29
,3& 841 p20GATE — b—  strose# & STROBE# %
IRRX o
IRTX o IRRX2/GP34 54 PWM2
36 L 62| oo | INFRARED I/F 55 PWML 36
36
RXD#0
389 _[C397 23 TXDO : RXDL — FDC_PP/DDRCIGP43 128 SIO_GP43
470PF[ 470PF 2; DSR#0 |
DSR1#
3 (R:?g:g 87 | Rrsiy
23 STRIO 88 | cropy SERIAL PORT 1 Test/Debug Header
23 RI# 89 prRis Unused GPIOs
= 23 0 90| qux 125
23 DCD#0 o 2
DCD1# — 3 4
5 6
RXD#1
23 TXD1 % RXD2_IRRX
23 9% | X2 IRTX
DSR#1 -
VCC3_3  Decouplin Ve = RTS#1 o oseze
- 9 C5 gg CTeu1 = s SERIAL PORT 2
P DTR#L - cTs2# GPeOILEDL {48 SIO_GP60
Place nea % RI#1 o o GPeULED? 142 SIO_GP61
) VREF pin DCD#L s N cozmo, s |5 LPC SMi#
= 336 23 94| pepzs A 51 TACH2 15,38
_:C341 340 390 388 345 e 5: TACH1 36
™. DRVDEN#1 GP3L/FAN_TACHL
J220F To1UrF To.1UFT 0auF Toaur | O1VF 24 DRVDEN#0 L | DRveRM T GR2SMDLIN (48 MIDLIN gg
L 24 MTR#0 DRVDENO GP26MIDI_ouT |47 MIDI_OUT 25
Place 1 0.1UF cap near each power pin gj DS#0 z -
24 DIR# . DS0# Gpiomie1 132 JIBUTTON1 25
i il 2 e = o epiotes |38 J1BUTTON2 s
% WDATA# " STEP# GP12i2e1 -4 J2BUTTON1 25
% WGATE# " WDATA# FDC IF GP1a2e2 138 J2BUTTON2 25
2 HDSEL# § WGATE# GPuaix 138 JOY1X 25
24 INDEX# B} HDSEL# GP1SILY JOY1Y 25
TRK#0 INDEX# GP16/2x |38 JOY2X
24 14 | 1re 25
2 WRTPRT# 15 0% G172y 22 Jov2y %
RDATA# WRTPRT# GP2op17 141 KEYLOCK# 36
24 DSKCHG# 16 | roATA# GP21P16 |42 SIO_GP21
24 4| DSKCHGH# — GPozP12 {43 SIO_GP22
6
6 SIO_ClLK14 ] S —] CLocks GP2ISYSOPT 1-48—SYSOBT o0 0 5vSOPT for 10 aress of 0x02E
[CRRCRRCIN ] z 224
£ ~N o g ¢ =l 4.7K
= 197 INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
SUPER /0 10
. o PCG PLATFORM DESIGN DRAWN BY: PROJECT:
. e m@moo PRAIRIE CITY RD INTEL (R) PCG —
= =
! 9] % 3 | FOLSOM, CA 956320 msr‘wswsso 12:17-99 17 or42
T




S I 7 ° 5] NZ 4 I 3 [ L
VCC3SBY
PCI Connector 0 PCl Connector 1 vecuam eca ¥
VCC3SBY vcck
vce12
(DEV Ah) (DEV Bh) wsdS T
vce® vCee12 PCI3_CON
vces B B1 AL PTRST#
e J19 m 18,19
1819 mPTCK B2 A2
PCI3_CON i L B3 A3 PTMS
B1 AL PTRST# 1819 - " o™ 18,19,38
PTCK B2 A2 ’ X W 18,19,38
18,19 B3 A3 PTMS BS A5
18,19,38 B6 A6 PIRQ#B
B4 A4 PTDI m 10,14,18,19,38
X e 18,19,38 14,18,19,38 mPIRQHC B7, A7 PIRQ#D g 14181038
B6 6 PIRQ#A 10,14,18,19,38 moIRQ#A B8 A8
10,14,18,19,38 ESEESY F PRSNT#21 B9 A9
PIRQ#B B7, A7 PIRQ#C 19 m HA9
10,14,18,19,38 14,18,19,38 B10 A10
14,18,19,38 PIRQ#D B8 A8 PRSNT#22 B11 ALl
e PRSNT#11 B9 A9 19 el
19 | § — —X B12 Al12
x-B10 ] AlD B13 A13
_ PRSNT#12 B11 AlL
1 = B12 Al2 xB14 Ald
B13 A13 B15 ALS PCIRST# 1l 7.10,14,16,17,18,19,20,26
14 ALs 6 mPCLK 3 B16 Al6
X PCIRST# - B17 AL7 PGNT#1
B15 ALS 7.10,14,16,17,18,19,20,26 PREQ#1 B18, A18 14,38
PCLK 2 B16 A16 1438 ®
B17 AL7 PGNT#0 AD[31:0] B19 ALY PCI_PME# g 10,14,18,19
= PREQ#0 B18 a18 14,38 14,18,19 AD3L B20 A20 AD30 aRlLol 14,1810
14,38 B19 Al9 PCI_PME# AD29 B21 A2l
AD[31:0] AD31 B20 'A20 AD30 AD[31:0 10.14,18,19 B22 A22 AD28
14,18,19 _ 14,18,19 AD27 B23 A23 AD26
AD29 B21 A21 AD25 B24 A24
B22 A22 AD28 525 AZ5 AD24
AD27 B23 A23 AD26 C_BE#[3:0] ® 4R185
AD25 B24 A24 14,18,19 C BE#S B26, A26 R AD17 AD17 g1418,19
B25 A25 AD24 AD23 BZ1 A2l 100
C_BE#[3:0] jR184 B28 A28 AD22
14,18,19 C BE#3 B26 A26 R AD16 AD16 g 141819 AD21 ) A29 AD20
AD23 B27 A27 100
B28 A28 AD22 AD19 B30 A30
AD21 ® B2 A29 AD20 . B31 AsL ADL8
AD17 B32 A32 AD16
AD19 B30 A30
C _BE#2 B33, A33
B31 A31 AD18 FRAME#
AD17 B32 A32 AD16 IRDY# B34 A34 m14,18,19,38
C BE#2 B33 A33 14,18,19,38 = 2;: %« —
B34 p34 FRAME# 14,18,19,38 DEVSEL b Ba7 'A37 14,18.19,38
IRDY# B35, 'A35 14,18,10,38 mDEVSELY
14,18,19,38 . ] B38 A38 STOP#
B36 A36 TRDY# o D38 m14,18,19,38
DEVSEL# 14,18,19,38 14.18.19.38 PLOCK# B39, A39
14,18,19,38 B37 AST sTOP# 14181935 mPERRA B4 A40 SDONEP2
PLOCK# ¢ ggg 2;5 14.18,19,38 e [ B4l Adl SBOP2 38
14,18,19,38 PERR# B0 Ad0 SDONEPL 14,18,19,38 woERR# B42 Ad2
14,18,19,38 Iy B43 A43 PAR
B41 Aa1 SBOP1 [ m14,18,19
C BE#1 B44 Ad4 AD15
SERR# B42, A42
14,18,19,38 AD14 B45 A5
B43 A43 PAR 14.18.19 B46 A46 AD13
C BE#1 B44, A44 AD15 —
AD14 BaE Ad5 AD12 B47 A47 AD11
B46 Ad6 AD13 AD10 B48 A48
AD12 B47 A47 AD11 Ba49 Ad9 AD9
AD10 B48 A48 §
B49 A49 AD9 ADS8 Bs2 As2 C BE#0
m 14,18,19
§ AD7 B53 A53
AD8 B52 A52 C BE#0 o 14.18.19 B54 AS4 ADG
| -0 AD5 B55 AS5 AD4
AD7 B53 A53 AD3 BS6 AS6
B54 A54 AD6 B57 4‘/\57 ] AD2
AD5 B55 AS5 AD4 *———
AD1 B58 A58 ADO
AD3 B56 A56 P
B57 A57 ’ AD2 B59 [ASO | o
o557 PU2 ACK64# B60, A60 PU2 REQ64#
AD1 B58 A58 ADO 38w 38
850 aso | § B61 A61
o PUL ACK64# B60, A60 PU1 REQ64# L1 B62 | A62
B61 A61 1 1
B62 AB2 = =
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
= = PCI CONNECTORS 0 AND 1 1.0
oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
1900 PRAIRIE CITY RD INTEL (R) PCG SHEET
FOLSOM, CA 95630 LAST REVISED: 12-17-99 18 or42
8 [9) e 4 2 | 1




> NZ 4 [ S [ [ L

PCI Connector 2
(DEV 6h)

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

VCC12M vees s
) vces
VCC5
vces@ 122 veetz R188
@) 18,19 PTRST#
PCI3_CON K
B1 Al PTRST# R187
1819 PTCK B2 A2 18,19 18,19 ILNV‘—!I
' B3 A3 PTMS 5.6K
PTDI 18,38
x—B4 | Ad 18,38
B5 A5 e
B6 A6 PIRQ#C =
14,18,38
14,1838 BRQ#D BT AT PIRQ#A 10,14,18,38 10 PRSNT#32
10,14,18,38 Q B8 A8 ~ PRSNT#31
PRSNT#31 B9 A9 19 =
19 GPIO21 R B10 A0~ VCCaSEY 18 PRSNT#22
R _GPO2:
For Debug Only 14,38 PRSNT#32 éﬁk/% vy Al anh R1g0 PCPCI_GNT#A 18 PRSNT#21
19 B12 A12 ok™ For Debug Onl; 14 18 PRSNT#12
hatd 18 PRSNT#11
R198 B13 A13 R200
For Debug Onil4,17,38 SERIRQ R SER[RQ B14 Al4 VAUX3
B15 ALS PCIRST# 7,10,14,16,17,18,20,26 OK
6 PCLK_4 B16 A6 R201 | lc105
PREOH2 B17 A17 PGNT#2 14,38 PCPCI REQ#A14,38 ;O.lUF
14,38 Q B18 Alg OK For Debug Only
. B19 A19 PCI PME# Do Not Stuff R192
AD[31:0] - 10,14,18
AD31 B20 A20 AD30 AD[31:0
14,18,19 14,18,19
AD29 B21 A21
B22 A22 AD28
AD27 B23 A23 AD26
AD25 B24 A24 =
. B25 A25 AD24
1418 C_BE#(3:0] BE#3 B26 A26 R AD22_JR202 Apop 141819
’ AD23 B27 A27 100 "
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#
14,18,38
14.18.38 IRDY# B35 A5 o
B36 A36 TRDY#
14,18,38
DEVSEL# B37, A37
14,18,38 SsTOP#
o B3 AS8 14,18,38
14.18.38 PLOCK# B39, A39
e o PERR# B40, A40 SDONEP3
14,18,38 | 38
B41 Ad1 SBOP3 38
14.18.38 SERR# B42 A42
B43 A43 PAR 1418
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 1418
BS54 A54 AD6
AD5 B55 A55 AD4
AD3 B56 A56
E—
y BS57 A57 AD2
AD1 b B58 A58 ADO
PU3_ACKG64# 8e a0 PU3 REQ64#
3B B60 60 Qb4#ty 35
B61 A61
L B62 AB2 INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
1 i PCI CONNECTOR 2 1.0
= = . ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG SHEET
FOLSOM, CA 95630 LAST REVISED: 12-17-99 19 or42
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S I 7 ° 5] 3 T
veea 3 PRIMARY Ve SECONDARY
IDE CONN. IDE CONN.
PDD[15:0] SDDI[15:0]
15
R10Z R100:
4.7K J16 4.7K J15
PCIRST_BUF# R190 R RSTP# 1 2 20 PCIRST_BUF# R182 R RSTS# 1= 2
33 PDD7 3 [oiola PDD8 3 SDD7 3 [oiola SDD8
PDD6 5 [5/51.6 PDD9 SDD6 5 [SI1.6 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 = 12 SDD12
PDD2 13 [T 14 PDD13 SDD2 13 =] 14 SDD13
PDD1 15 [~ 16 PDD14 SDD1 15 — 16 SDD14
PDDO 17 [ 1] 18 PDD15 SDDO 17 =] 18 SDD15
19 ol 20 9 ol
15 PDREQ 21 1] 22 15 SDREQ 21 1 2
15 PDIOW# 23 [fo] 24 15 SDIOW# 23 ol 24
15 PDIOR# 25 1] 2 15 SDIOR# 2 o126
15 PIORDY 27 [f5] 28 15 SIORDY 27 5128
15 PDDACK# 29 [~ 30 15 SDDACK# 29 —] 30
1438 IRQ14 [ » 1438 IRQ15 o = P
! PDA1 38 |1 34 P66DETECT 14 ! SDA1 33 =1 34 S66DETECT 14
PDAO 3B [T 36 SDAO 35 =136
PDCS#1 37 1] 38 PDCS#3 SDCS#1 37 =] 38 SDCS#3
I~ IDEACTP# 39 [To] 40 15 15 IDEACTS# 39 =] 40 15
36 folo] 36 o}
PDA[2:0] .
PDA2 15 SDA[2:0] SDA2
VCC3_3
R191
82K oCIRST_BUF#
7,10,14,16,17,18,19,26 >—FCIRST# =
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
ULTRA DMA/66 CONNECTORS 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG SHEET
FOLSOM, CA 95630 LAST REVISED: 12:17-99 20 or 42
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S | 7 | ° 5 NG 3 T
VCCSDUAL
o
Y (25
POLYSWITCH_RUSB250-0
15 OC#0 R303 USB V5 0 1 2 o USB PO 0
10K
© 1 | c29s
E 100K % 5 AUF
o B8UF USBPON R215 USB DO N
—e USBPOP 15 R216 USB DO P
15
N = 15 ohm resistors should be < 1 from ICH2
o
Y (25A
POLYSWITCH_RUSB250-1
5. OcH Ra0a L s , o USB_PO_1
10K
- 1] cst
&
@ S 100K 2 JAUF
VCC3 3SBY 5 USBPIN R260 USB D1 N
15 USBP1P 15 R256 USB D1 P RIMAG_USB
15 1 fveer
= 1 15 ohm resistors should be < 1 from ICH2 Do not 2 | patar
Do not populate 3| paTAL+
populate £ oo
o 28 CNR_USB+29% L 5 1veez
| 6
CNR_USB+29s,, pATAZ:
ENR ; 1
28 ENR_C T fea 28<—> Vv 7 pATA2+
POLYSWITCH_RUSB250-2 8 | onp2
ﬁ b
OocC#2 305 USB_V5_2 PO 2
15— B == L
VCC3 3SBY 10K R286 2
a7
5 ® oK R287 3
& < 100K USBP2N R266 USB D2 N oK 4
Do not USBP2P 15 R265 USB D2 P
populate 15 1
D 1 15 ohm resistors should be < 1" from ICH2 10 AGPUSBP| rsoo 302 2
= = 10 JAGPUSBMS9 , .\ ok oK RaoL s [
w0
AGP & (25a oK 0K 4 I3
10 POLYSWITCH_RUSB250-3 Do not
opulate USB_GND_3
oc#3 00 X ss v 8 PO 3 pop _GND
10K
1
8
&< 100 2
USBP3N R284 USB D3 N
USBP3P @ 15 Ro8S USB D3 P Py
15
= - 15 ohm resistors should be < 1 from ICH2 L
USB_GND_0
C331 | C330 | ca2 C41 C45 C43 ca7 Cs0 15K | 15K | 15K | 15K | 15K | 15K | 15K | 15K
1] 1 1 1 1] 1 1| 1
a 3| o ¢ &
—0 0 0 0 0 ¢
47pf caps should be < 1" from ICH2 -
== INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
USB Hub 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG SHEET:
FOLSOM, CA 95630Q LAST REVISED: 12.17-99 21 or42
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B ! 7 ° 15 NZ 3 3 T

Parallel Por

VCC5
CR3
AP]C VCC5 DB25 CR Py
L1
1N4148
o ~ o o
a4 N o ERER QN o
R84 RP3
P4/ RP4 RP4
2.2K 2.2% ‘ 22 2.2% 2.2% ‘
o of o o
oo o “ | oo o
J8
DB25
17 SLCT# N
25
17 PE 12
24
17 BUSY n
23
17 ACK# 0
22
9
PDR[7:0] 2L
17 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
17 SLCTIN# s s | 4
17 PAR_INIT# 4 s 16
33 3
17 ERROR# 15
2
14
1
RP38
PDR1 1 8
PDRO 2 7
17 ALF# N
17 STROBE# 4 s
33
c17p civo |cir7 7C176 77(:175 77(:196 77(:138 77(:2)7 f:Zl:
- - - w w w w w [w
['8 '8 'y o o o a a o
S 5 S 3 8 8 8 8 8
% |c17i Bl ci6 2;7(:17 ‘17C16 ‘17C16 ~—«7C16 ‘1,(:18 iﬁc214 —
- - [u_ w w w w w
[T 'y o o a a a a
a a [=] [=] [=] [=] [=] [=]
[=] (=} @ @ @ @ 0 0
0 0 — — — — — —
— —
- INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
PARALLEL PORT 1.0
. oPCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG SHEET
FOLSOM, CA 95630 LAST REVISED: 12-17-99 22 orF 42
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3) ! 7 9 ) N ) 3 T
VCC5 VCC12
us com1
J7
24 vec g vecwz DB9
17 DCD#0 191 o 0 R0 12 DCDO C
17 RXD#0 18 | pyr EK\‘7 ra1 |3 DSRO_C
17 DSR#0 17 ] a Re e 4 — RXDO C
17 DTR#0 161 oo O pyo LS RTSO C
17 TXDO 5lom O ople \ TXD0 ©
CTS#0 \;41 CTS0 ¢
17 RY3 RA3
17 RTS#0 13 om o e [otroc
17 >R|#0—1L RY4 RA4 12 ROC o
1L eno vee1z 10 veeiz-
VCC3SBY
R276 100PF
10K cRo
RI# CR eﬁ“ﬁ
2
15
:
B VCC12- 2nd COM Header Option
" If not populated at all, CR14
vecs veerz g e
:CBQB
10UF u23
0 vee oy veen
- peoe <
NOTE: If Wake fromS3on L 17 DSR#L By R g Ra1 1= DSR#1 C 32
i i - 17 rRy2 D~ rRA2 4 15612
Serial Modem is not supported 1 %& o O oo L8 DTR#1 C 3 4
do not stuff CR8 and Q16. 1 TXD1 o D) o s TXD#1 C | 5 A
1 CTS#L v - cTs#1 C| | 7 8
17 RTS#1 18 | o ove L8 RTS#1 C 9 ol 105
17 M RY4 RA4 12 ® Ri#l C
111 eno vee1z 110 ‘
€353 | c352 | c3ag | c34q
100PF
| 77c344PIace Close to Headef
100PF
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
SERIAL AND GAME PORTS 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG SHEET
FOLSOM, CA 95630 LAST REVISED: 12:17-99 23 or42
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7 ° 5] 3 T
VCC5DUAL
R177
0K vces
F6
1 2 1
1.25A
RP45
o ~ o 1 [ AA~] 8
2 7
RP1 3 6
o o o STACKED PS2 CONNECTOR 1K
a
17 KDAT 1 L_KDAT ; 3 R131
>
“alog 1K
L5 4 3
o———fov
o
17 KCLK e L kax g . DRVDEN#0 ;U3
L7 X——0 41—+ 3
rgasial
MDAT Jpu— . 7 —< 17 DRVDEN#1 5
17 . = © INDEX# 81717
8 3 | L7 esago o MTR#0 0709
9 = [16 17 T
0] 815 folo-1
n 14 =
17 MCLK 1 ° L ek 1] 0 |14 17 DS#O ® -
12 13 folo—2
I 7 17 DIR# 18 4 17
STEP# 20 —— 19
c1 |c4 |c3 |cs i g WDATAR 2 oot
470PH 470PF | 470PH 470P| & 17 WGATE# 24 —— 23
El 17 TRK#0 26 1 25
Ps: H” 17 WRTPRT# 28 [ 27
17 RDATA# 30 [ 20
17 HDSEL# 2 &
- - = 17 DSKCHG# 34 :: 33
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
KEYBOARD/MOUSE/FLOPPY PORTS 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG SHEET
FOLSOM, CA 95630 LAST REVISED: 12:17-99 24 or 42
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53 ° 15 N L3 3 T
VCC5
(]
» e &
b VCC5
R223 R225 R230 R218 R229 } R217
4.7K 4.7K 1K 1K 1K 1K
DBlSjsgDisTK
31
L 9
9
17 J1BUTTON1 2
17 . J2BUTTONL M >
17 JOY1X R219, 22K Jovix R s
17 JOY2X R221 2.2K 5% JOY2X R 11
5% 4
17 MIDI_OUT R227 47 MIDI_OUT R 12
5
17 JOoy2y R222 2.2K Jovay_R =
17 JOY1Y R220 2.2K 5% JOoviY R 6
17 J2BUTTON2 5% 1
17 J1BUTTON2 7
17 MIDI_IN R226 47 o DL R 15
8
. -
C333 | c337
0.01UF |25v | 0.01UF |,
. 25V
10% 10% €30 _| c106 E=
cass | casa | 470PF 470PF
0.01UF | 55y 0.01UF | 25v
10% 10% g 3 g7, g
ok 8 CHL
a7PF [ a7PF [ 41PE T e
PN 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) 82815E CUSTOMER REFERENCE BOARD REV.
GAME PORT 1.0
) ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
météwoo PRAIRIE CITY RD INTEL (R) PCG STEET
FOLSOM, CA 95630 LAST REVISED: 12:17-99 25 0r 42
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S [ ! [ © 1<) NZ ] | | 1
TV Out/Flat Panel Combo Chip 20 Pin Flat Panel Connector
VCC1_8
- veey s V/ele
€259 047’& c;},i c245 c2a4 | C252
HouF T T 2ouF] W K OWFT™ 01U
T T TX1+ 1 %311 TX2+
- . TX1- P | TX2-
3 0 13
4 14
c109 € TXC+ s ils T Txor
TXC- 6 16 TXO0-
10PF o z ?EA
C u1s <8 8 QR HS 8 81k 18 HPLGC g4 26
q Sl:l - P © %o b dle
- 14.318MHZ o o 24 o= ® ( o
- xtao 34 ™ ® o BB ©® 4 3 w10 b dl 20 g
C110 XTALO  S'o 8 Jo oe 2 g = o o
= 4‘ | Py xtaL1 33 xTALL 22 2 ag 38 S & il
w 8 3 8% 8% ¢ 3 Gk
10PF 23 FE 22 e £ 99
FTD[11:0 =
[11:0] FTDO 64| o Txor 122
FTD1 63 b1 ™0- 21
Egg gi D2 TX1+ gi VCC3_3 LR, A SVFTSRA,.
D3 TX1- ros % pyETSEL
FTD4 60 | O, Txae |28 ) 27
FTDSXREF=9 59 | o 2. 27 i
FTD6 54 D6 ™>Ct 30
FTD7 53| e [31 |
FTD8 52| o 01U
FTD9 T 24
FTD10 50 D10
FTD11 49| 51y comp ig 129 130
LK o TV OUT/Flat Panel cves [0
o CLKINO Combo Chi e [43
9> FTCLKL 571 Glame p emPR |3 cowp vioEo
9 FTHSYNC 41 Hsvne AFADY |32
FTVSYNC 5
9 VSYNC
9 FTBLNK# 2, BLANK#
31 Vrer HS/CS/GPIO1 >
VSIFID
3VFTSCL 15 =
9,27 scL
927 <> 3VFTSDA 14 | ooa INTO#/CABARE# 1
10 | .o INTL#/CLKOUT
26 wHPLG 1 e 100
PCIRST# 13 SN = TEST 5
RST# O, - N o, o 48, 1S
7,10,14,16,17,18,19,20 § § § § 9 9 20w TEAD 8 4 orr o . 3 .
oooo 2 i IZ IZ IZ >\
VCC3_3
B = °eg3 ¥ 8 Qs
12C Address P22 0.1UF 10 hd e
40-41 ol |
42-43 TK =
= 1 C208
- - o s 470PF 330PF 560PF
VCC3_3 & T
TMDS LKO hd hd hd l
2
Video Test T2 L
P23 INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
— DIGITAL VIDEO OUT CONNECTOR 1.0
. o PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG SHEET
FOLSOM, CA 95630 LAST REVISED: 12:17-99 26 or 42
8 7 9 5 7N 3 | I T




S

Video Connector

VGA Connector

VCCs
BLM11B7508S is rated at 750hms at 100MHz *
VID_RED 118 i
9 . oL 2y e
l BLM11B750S R247 R104
R107 C195 €210 1K . 1K
75 3.3PF 3.3PF XREF
9 o L38
VCC5 1% J9
I i
. . 6 3
5V to 3.3V Translation/Isolation h LRED [ 1[0 1
CR10 Place R107,R106,&R109 Close to VGA Connector MONOPU 11 O /é
BR, o o C 1A L17 z
S04 s 9> VID GREEN o o ! 2 o L GREEN 2] O
P T 2O P
~ n S5 ™ ’¥ BLM11B750S
S a9 8
4 3475 I SR el Lo 13150
1% ’ ’ LHSYNC | 13O O
u13 A 22K FUSE 5 9 5
ST3384 = MON2PU 4
e vee |24 - - - L_VSYNC 14O O
9 3VDDCDA 3| o L2 5VDDCDA o — m
9 3VDDCCL P o L5 5VDDCCL o 27 m2YDDCDA o5 \8 s
CRT_HSYNC 7 s 5VHSYNC ¢ R248 @) ¢
9 CRT_VSYNC | 2 b 5VVSYNC & 27 w2VHSYNC . . 15
9 14 184 m27 l 0K l
11 I 10
0,265 3VFTSDA | s BVETSDA ¢ c212 c250
o.26¢_ BVFTSCL 1] 0 s 118 5VFTSCL % 3.3PF 3.3PF
8 < Gk owboiky $ o % s (IR R — PUBDAIR 5 1112,13,14,15,28,38
6 2L o0 284 le 11,12,13,14,15,28,38 = =
22| g ms LBy X Do Not Stuff C212 and C250
) oems GND {5 27 m5YDDCCL
BEB# =
27 wSYVSYNC . R8s N
0K l
lc213 c188
- B 3.3PF 3.3PF
_Lciss Lcigo
= = T10PF T
Do Not Stuff C213 and C188 10PF
Do Not Populat - c249 - co57
0 ot “opurate VID BLUE 10PF 10PF
9 ° o L1 °
l BLMIIB7SUSI
R109 c219 c211 4 L 4 L
75 3.3PF 3.3PF
1%
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
VIDEO CONNECTOR 1.0
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S I 4 [ 1) 5] NZ 4 T
. VCCl12-
VCC12
vees 3VCC3SBY
VCCSDUAL -
VCC5 A16
:i: +3.3VDUAL M0 g
43.3VD v
B ovouaL 820 AC_BITCLK
Al9 AC97_BITCLK 15,29
+5VD - B28 AC_SYNC
AC97_SYNC 20 AC SDOUT 15,29
31 CNR_LAN_CLK Al0 _ AAC97_SDATA_OUT 220 AC_SDINO 15,29
CNR_LAN_RST By | AN 5| ACo7_SDATA INO AC SDINL 15,29,38
31 LAN_RSTSYNC 9 A28 15,38
CNR_LAN_TXD2 AT €| ACO7_SDATAINL AC_RST# !
31 LAN_TXD2 AZ6 15
31 CNR_LAN TXD1 B8 AC97_RESET# 26
L LAN_TXD1 I
CNR_LAN_TXDO - > PRIMARY DN# [0 ]
31 28| N TxD0 H A13 CNR_USB+ 21
CNR_LAN_RXD2 Bl1 UsB+ CNR USB
3L LAN_RXD2 o N m 21
CNR_LAN_RXD1 Al1 9 use: CNR_OC#
3D CNR_LAN_RXDO T i 7 uss_ocs PE 21
3L LAN_RXDO
M
S| — X
\Yelo' EE SHCLK o CNR ResERVE D [
15,31 EE DOUT EE_SHCLK RESERVE_1 Hm
15,31 AL o RESERVE 2 [~ X
15,31 EE DIN B2l e bouT n RESERVE 3 [ X
15'31 EE_CS 22 - 3 RESERVE 4 24X
10K ‘ SMBCLK EE_CS o] - Y3
9 11,12,13,14,15,27,38 SMBDATA B25 4 Sve_scL = RESERVES [ o X
& 11,12,13,14,15,27,38 A% | Svs_soa RESERVE_6 ﬁe
RESERVE_7 ﬁ
B24 RESERVE_B T( g5 10K §S 10k
p2z | SMBAO RESERVE 9 — X e e
poa | SMBAL RESERVE_10 %
SMmB_A2 RESERVE_11 — X T
A3 =
[~ | GNDO B7
"7Aﬁ GND_1 GND_8 B10
1., ONOI | g
[ S - GND_10 17
[ S OND-3 GND_11 820
[ —— N0 GND_12 23
[ — ONDS GND_13 .
PS B4 GND.S GND_14
GND_7
VCC3SBY VCC3SBY
u10
u7
15,38 C DWN_RST# > Lo 14 M
7 sn7aLvcosa GNI

7 sn7aLveosa

15,38 C DWN_ENAB#

R206

10K

INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
COMMUNICATION AND NETWORK RISER 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG SeeT
‘ LAST REVISED: 28 or42
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S | ’ 3] 5 NZ 4 S 1
AC'97 Audio Codec
e VCC5 AUDIQ 2930
cas4|
1 | c3ss 1 | 308
ST o1uF z 2| 0auF
o.1UF
vCC12 VCC3_3
o
VR7
MC78MOSCDT = GhD GND
v {3
™ VCC5_AUDIO 29.30
4 | case
oND {2
g7 ca05 2 | oaur
§H+ | caso S
gL
Toe  Jomr o 0.1UF
® 1 2 B0 ol o 8 |8 mly BB
¢ - 58 a3 3 x> 888
2R 8 8 8 g é ° “ VCC3_3
22
GND ¥—12 pc peep
- 30, LINE IN R 2 LINE_IN_R
30 Il:/:ll\(l_‘,Elll\lN L 2 LINE_IN_L
30 2 MIC1 RESET# N Ra41 C DWN_RST# 28
22 e
b R —2 ez sonta our |5 a8 AC SDOUT 1528 328 nout
30 cor - ro3s AC_SDINO e
CD L - SDATAIN {8 0K 15,28,38
30 B cou © A AC_SYNC
30._CD_REF q ; e _o _AC SYNC 15,28
— AC'97 Codec 6 0K 15,28
ca02 x—1%  vibEo R BIT_cLK o
MONO PHONE > y| 1 x——18 VIDEO_L
WETAT X—>M  auxL Czl ﬁﬁ
cso
AC97SPKR 2 X—39 e
36 2 },f 1 MONO_PHONE X d e CHAIN_CLK {—zg—X EAPD I
LNLVL C;‘J_;A"; MONO QUT C 37| yono out CHANIN 77
30 3 LINE_OUT_R
30 LNLVL_OUT_L a5 LINE_OUT L
X—AL1 |Nvi_ouT R
X—391 |Nvi_ouT L
55z G
ER s 58 Py e 55 nosun
85 of LE
TERE YIS e
Q N AUD_VREFOUT . 30
3 AC XTAL IN
g Y3 =
cao8 00 . z XTAL
g gtb oy ol ‘i»—‘D’—«
i) > 8~z & 1 2
& Q2 G 2 38
[ -
8 S MER i 355 356 =
—u3-5 1 1
7] 53 T& —
S o 4 2]k 2] &
o oo p2 | § ]
GND lonp
ca07 0.1UF < L
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
GND AC'97 AUDIO CODEC 1.0
= K ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
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g I ! ° Nz 3 T
Stereo HP/Speaker Out
C226
L a1z 1 2 Hpgo 0
100UF » FBé
c237
2 R118 2
+
20
100UF
X — DB15_AUD_STK
2 AUD VREFOUT R108 Microphone Input |- &
g
22K %%7& I
oY 3 GND
c217
MIC_IN 2 Ruo 1 2
20 M= =
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 29
< | 21 NA outs {-
\GND 20K 3! BypAss INB NSy 1| G282
1UF-TANT 5 < |y
41 eND sHUTDN P—EAPD ¢ 29 3 T~ 100PF
LNLVL OUT_L ¥, rus e 2
=
TTL 20K g
1UF-TANT =
Line_In Analog Input ~
L
c221
29 LINE IN R 11/ 2 2 s %0 °
+ E b
1UF-TANT S
c183 |AGND \GND ~&
LINE IN L &
29 = . ~
1UF-TANT FB3
DB15_AUD_STK laeND
~
iH =
100PF-NPO 49 o
154 5 100PF-NPO
8
~ ~N
laenD GND laenD
~ ~
CD Analog Input
6 R234 C‘io“l CD_L 29
(}4[1 47K ;LUI4
2 G309 CD_REF
R235
S Y Sv = = 29
ol I
4.7K 1UF
ol 4
R246 G, CD_R
L e - - 29
4.7K ;LUI4
4.7K 4.7K 4.7K
8 ]
g &= £
IAGND \GND
(AGND INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
~ AUDIO CONNECTORS 1.0
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FOLSOM, CA 95630 LAST REVISED: 12:17-99 30 or42
8 7 9 ZAN 3 [ 2 [ T




B 7 15 N2 3 3
VCC3 _3sBY
@]
L12
1 oh2
=
BLM11B750S
. caar lczss
T 4.7UF
o 0.1UF
us EEEREEEEEEERE
DWN_LAN_RST 4 o e op 10 TOP g 35
o 0000 TOPg
DWN_LAN RXDZ a1 oo on 1 ;E[))g 32
DWN_LAN_CLK o ox ROP 115—RDN. 3
DWN_LAN RXDO _ sf o0 RON " 37
For CNR populate RP? and RP? DWN LAN RXD1 _ ag o
For Kinnereth populate RP? and RP? DWN_LAN_TXDO A Jrxpj0) by LILED
DWN_LAN_TXD1 LILED# 32
DWN LAN TxD2 s 7% " SPEEDLED 55
45
e KINNERETH acTLeDy 2 ACTLED o 55
RP72
LAN_RSTSYN 1 [ Py LAN XTAL1 4§
13 - LAN_RXD2 N a T LAN XTAL2 47 2 RBIAS10
U m LAN_CLK 3 6 Y2 RBIAS100
" LAN_RXDO 4 N ] 2 o e TESTEN
0K 254 251 A g0 Tok
RP73 25MHZ 2 soLm
1 Tt a  CNR LAN RST g 22PF  |22PF 4 povi0
CNR LAN RXD2g 50 Ao e <88 . N2E.
: CNRLANCLK;‘:ze
AW CNR_LAN_RXDOy 55 - - i i Remove R? for Kinnereth test mode
0K 0o s b R RS
gss
14w LAN RXD1 1% 8 .
14 m— LAN TXDO 2 7
12 : LAN_TXD1 N =
U m LAN_TXD2 4 5 VCC3SBY 1
0K VCC3SBY
L o 8 CNR LAN RXD1y, LAN Decoupling
2 z CNR_LAN_TXDOg C300 _|C303 C301 Distribute around Power v19
3 6 CNR_LAN _TXD1_ 0.1UF | h N
= . Pins Close to Kinneret 9346
[ pnn] s CNRLAN TXD2g 5 2w EE DOUT N
0K ! EE DIN 4 7
VCC3SBY 1528 & EEDO Ne2 H—X
15,28 m——EE SHCLK 2] gesc wer & x
1 EECS
JP25 GND
1528 g EECS 15 5
2
3
0.1UF el
VCC3SBY i JP? | Audio Down
1-2 | EEPROM ENABLE
2.3 | EEPROM DISABLE
7. caos ], c305 7|, cass |, case
™4.7UF “T4.7UF T 4.7UF T 4.7UF
* INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
LAN 1.0
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B 7 ° 15 N 3 3 T

L A N VCC3SBY

VCC3SBY
R138
TDP
31 330
R%.%% R146 <R148 <R147
8 330 330
2 5 2 2
<| ~| of
DN 2 o, FowieLs 0 _ucr R23  ACTLEDgs; 35 5 g
31 RDP A4 TD- g?ﬁ 330 LILE JP14 JP16 |JP15
o . 3| go o Du31,32
17 RD- ° °
R295 z
18
121 15 :Ec f? u SPEEDLER, 41 55
» }
RDN P20 LILED
s g et o2 ACTLED
No Pop R295 ffinin R ] 3132)—————
138583388 SPEEDLED
5 SPEEDLED |
Place R294 and R295 near Kennereth i 313
J
= 77
Note: Chassis Ground,
use plane for this signal
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
mdtéwoo PRAIRIE CITY RD INTEL (R) PCG SHEET
FOLSOM, CA 95630 LAST REVISED: 12:17-99 32 or42
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3 I 7 ° 5] Nz ) 3
g g vces_3 V3sB VCC3SBY VCC 3.3VSB Regulator
VCC5SBY V3sB
> j>lNSBZ(Z7
- - ) .
VCC 3.3V Standby VOLTAGE SWITCH cs6 cs7 R
This generates 3.3V Standby Power which is M7UF STUF NDS3564P VR2
onin S0,S1,S3,5S4,&S5. It passes 3.3V from w N e 173 8
the ATX supply in S0/S1, and 3.3VSB (generated @ l s )
. — — T B IN ouT
by VR2 below) in S3/S4/S5. - - 01 2 . .
¢l Do Not Popllate p % Icez A gl 1:(:61
-|ces o = NN
vee12 oS | - ce5 8w & |~ lassghhar
w G ] 200UF
l lj l ~[L200UF o
VCC5SBY R31 Q2
SN74LVCO7A has 5V input and output tolerance. Q 47K —
VCC5SBY VCC3SBY Q7
o Q S14410DY VCC5 VCCSDUAL
4
3
U9 o 2 l@ R176 VTT 1.5V VOLTAGE REGULATOR
15375 SLP S3# S e g A 0K
g
’ g VCC3_3 VITL 5
15,37 g NPOP - VR1
H LT1587-1_5
QS VCC5DUAL ]
S14410DY vouTl 2
= : 3 |viN
o= ADJIL
VCC 1.8SBY VOLTAGE REGULATOR 2 l@
1 | R175 £ -
= < <
VCC3SBY VeeL 8sBY 0K Cc14 Fal c17 f4 cie
VCC5 VCC5SBY 1.0UF g N g N
3
VR8 1N5822
> 3 > g
LT1587ADJ - - — —
J C451 J C452 CR2
vouT
@ 3 N N47UF N47UF NDS356AP
el ADJ - H(:453 w /] AN
% |Casa Cazo z 11T
L~ RN il
ElN 1.0UF RN = = 3
g & [*place 00 at the Regulator Q4 | VCC 2.5 VOLTAGE REGULATOR
Do Not Populate
1 s VCes vcez 5
= = = = NDS356AP | 064 |
. e I+ C450
o /o] R ] 1200UF
~1200UF o
VCC 1.8 VOLTAGE REGULATOR l T l VRS
vees 3 vcel 8 06 N I LT1587AD)
- © — vouT
3
g Sl4s H]DV ADJ 1 162
VR3 4 Z
LT1587AD) 3 —~ —-C297 L:L
our o | 0.1UF 8
PR i ]
E | ADJ - H(:99 1
z Jco8 325 4 = =
L g
g N 1.0UF 2 e sutoy
- Place C99 at the Regulator 4
£ 1 L 4 z 1 @ INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
” ” A VOLTAGE REGULATORS 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
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3) ! 7 9 ) N2 ) 3 T
VCC3_3
VCC12
L
iy
m [+ W
L 8 ZE
ﬂ,i% VDDQ
3Frs
No stuff R210 ) 220UF
= r 1 2
A4 C317
—® VR6
oly LT1575
JsS e 1 sHoN pos -8
) 2 7 9
9l -~ nee ' R155 &
g ;% 3 D GATE | 8VDDQ G1 90DQ G2 1 5
O = 4 g comp -5 5.1-5% T
VCC3_3
= CZG7\ | VDDQ_comp
2 11
C268 10PF
R156
2
VCC1_8 - Rt a2 " L - - b
82 % ¢ 0.001UF 7.5K-1% e L& glf olk glleolus
o Q<X J9%g =X &5 X Npd NPl RN+
! S2Q 18 QFd OPFL OPS OPSOTN
@ 2 = — —
—
2 VR_SHUTI TS
ha] N VDDQ FB
o
o
b =X
F 3 g3
N =
2 10 TYPEDET# ¢ S X
=} ™ N
153 = -
o o
= E =
o
s =
=
E 4 Route VR6 GND to VDDQ output caps and then via to ground.
b =
INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV.
AGP VOLTAGE REGULATOR 1.0
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S I 7 I ° 5] NZ 3 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 5 R36 o o | o
g 27K
o 'OlUF' o o Place CAPs
. = = @ Close to FETs
3 YDzl RP7 . o~ 2 5o 52 S VceviD
VIDO vy =i g wRep |13 cuz—J —<Cll4
VID1 : : & e L1z FauT ey 2 1.0UF-X7R
VID2 o {2 of R53 eoo - L13
VID3 - Fs L8 RvccvD L vVCeviD J. 421D} 7y
T R R P 28" ¢ T.0UH-20A
0K § % E ves |11 ves po o [ | | ETQP6FORSL
19 o o
£ £
52 52
o o5
JP5 JP6 JP3 JP4
| ce9
.01UHO.1UF|
1000PF
VID Override Jumpers Py
| cae | c2s _|ci126 | c72 |ca55 | c28
— = 01UF Do Not Stuff 0 b w s oW F oW oW
’ m~2 "D T2 T2 T2
o o o o o
: . o 8 o 8 o 8 o 8 « 8
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) 82815E CUSTOMER REFERENCE BOARD REV:
VRM 8.4 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
mtéwoo PRAIRIE CITY RD INTEL (R) PCG SHEET:
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3) 7 9 ) N ) 3 ! T
VCC3_3 VCees
yStel n VCC3SBY
N
No stuff. N
For test only o
R280
R279 M
15 PWRBTN# ° Py Ji8
L 0K 17 IRRX o
No stuff. 396 R Aq Py
IRTX
For test only| 1.0ur SW2 R270 P INFRARED
% 1 2 7K » [4 |
= B 15 | KEY
VCC5 VCC5 VCC3_3 vees s VEE33 ¢ 3 14 e |
PBSWITCH 7
PBTN_IN [
f > POWER SW.
R281 *—ho |
470 X—mu
R124 < R99 %283 11 ]
QCC |
2 IDEACTP# 10K QK 10K s L,H 4 IDE_ACTIVE ¢ e e H.D.LED
lonp U11 |ec hs |
0 IDEACTS# SN74LVCO7A A & ) VCC5 z e | KBV
) -t POWER LED
snraLveora [ R282 PWRLED 18 | Kev
19
i 220 !
17 KEYLOCK# = = N
f KEYLOCK
123 |
vCce3 3 29 AC97SPKR R289 R SPEAKER
JP27 SPKR _IN & 68 R _SPKRIN i VCCS
1
3 (CH SPKR , o R290 FNT_PNL_CONN
N T 15 R291 SP1
3 SPKR SPKR Q1@ 68 N
2.2K H C426 _[C400 (247 17508
47K FAN Headers % f— p— p— SPKR _NEG 2 |\eo
0.1UF | 470PF| 470PF
NSNS L
Speaker Circuit
veciz vcC12
VCgasBY VCeasBy
C392 C394 VCC3SBY
21 TO.lUF 2 IO'lUF VCg3sBy VCeasBY
2 2
o2 o2 us
17 TACH1 17 TACH2 = R275 14,GPI023 FPLED "
330 On-Board LED indicates the
vCcei12 vce12 R Swapong Memory o o SNTaLvCO7A
o 8
N g
C393 C391
a8 TO.lUF a6 IO.lUF
2 2 = L
o2 o2
17 M,—;l Tz M.,;l - INTEL(R) 82815E CUSTOMER REFERENCE BOARD REV:
SYSTEM, PART 1 1.0
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System

Power Connector and Reset Control

Power Good Circuit

ITP RESET CIRCUIT - FOR DEBUG ONLY
VCC3SBY

VCC3SBY

VCC5SBY VCC5

15,33,37

VCC5SBY
vee s veeiz ¢
VCC12- vces_
VCC3SBY
VCC5SBY
vcessey s R22 ¥ N i
47K VCC3SBY
114 3 3vi1 3av L 37 @
12 1 v 33v2 -2 R88
U7 1 — 3 4.7K
SLP_S3# s ccs SVPSON| 14 ::D;’: ATx G’\;:j 4 R95 74L512L£%
— —————VW\———4
snraLveosa TnD @15 cnpis GNDs -5—@ oK PWROK 15,33
SN74LVCO6A is 5V output toleffance: 'Y 16 | GND16 5V6 6
@11 o7 o7 L@ Do Not Populate R95 Do Not Stuff
= 84 sy Pw_ok £ 1.0UF R87 ¢ bebug ony
19 1 svie svss 2 = M
201 5v20 12v 10
= =3 Reset Button
Swi
m 2
3 N 4 RST PD' R81
PBSWITCH 22
< C160 +C161
Place JP13 Near Front Panel Header (320) I0.0lUF ~ 10UF
Resume Reset Circuitry
Schmitt Trigger Logic
using a 22msec delay
VCC3SBY VCC3SBY
VCC3SBY
CLOCK POWERDOWN CONTROL Uizl oRSMRST#
15,33,37 m—SLP_S3# glzsz 7aLvcian’| e
. | Do Not Stuif
VCC3SBY ! R128 For Debug only
= Llwm o
K PWRD R126 CK_PWRDN# ¢ - -
0K
D R8I Fopiated, Ri36 Mt Be De-Populated INTEL(R) B2815E CUSTOMER REFERENCE BOARD
SYSTEM, PART 2 1.0
. ©PCG PLATFORM DESIGN DRAWN BY: PROJECT:
m@woo PRAIRIE CITY RD INTEL (R) PCG <OEET
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B ! 7 ! ° 15 NZ 3 3 T

Pull-up Resistors and unused gates ICH
vces CPU

14,18,19 PERR# . RO vges RP57 VCC3sBY a1
e SERR# v Q %)
141610 - PLOCKE | 15 > SDONEPF RP6L S
141819 STOP# s 15 5 SMBALERT# s 5
o DEVSEL# SBOP2 LDRQ#1
14,1819 i ok 18 15 > EDATA APICDO R13
14,18,19 P 1 5.6K vees 11,1213,14,15,27,28 >—2WB00 3 414 [ A E—
14,18,19 8 11,12,13,14,15,27,28 4 APICD1 R11
141819 > TRAME# o | R Te agq—APICDL Ta o
10 R14
s RP58
9 PULLUPIDOWN SDONEP3 Ayl 4,14 FERR# W
RESISTOR PAK 19 SBOP3 50
19 PTDI : .
RP66 VCC5 18,19 3 6
14,18,19 E:i zg 1819 PTMS . .
14,1819 »— PIRQ#C 5 | TE6K
w4 | vCes
“_s
14 PREQ#3 P A
1419 PREQ#2 ; RP59
: PU3 ACK64# ; 1> &
1418 PREQ#1 8 19
: PU3_REQ64# , 7 VCe3_3
1418 PREQ#0 9 19
: s PU2_ACKB4# 4 .
| s PU2_REQB4# 4 5
9 PULLUP/IDOWN VCC3_3 AN
RESISTOR PAK 2.7K vces 3
RP51
14,18>— PGNT#0 s RP76 14,19 $|32%/|§EQ#A : :
' ALELA S 2 7
PGNT#1 PIRQ#B N s 14,15
14,182 e . 10,14,18,19 PIROA 1417 5_RCIN# s .
13,19 PoNTS : : 10,14,18,19 . 1417 5 A20GATE B s
4 s 8.2K
8.2K N RP54
27K LPC_SMi# vyl
1517 SERIRQ
14,17,19 LPC PME# For Future Compatibility Upgrade
1517 &
VCC3SBY ' GPIO21 N s
14,19 R12
T 4 RTTCTRL
15"
4 SLEWCTRL _ R28 .
VCC3_3 VCC3SBY 116"
@] ®)
VCe3_3
RP52
1 [ Aa/~~] 8
2 7
VCC5SBY 14,20 :EQE d 5
[®) 14,20 Q 4 5
= 8.2K
R263
15.28,20 AC_SDINO o
ac spiny 1O R262
VCC3SBY 15,28 o
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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 C120 C15 C18 Co4 Cc129 c128 c77 C73 C79 C338 C34 Cc32 C75
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DRAM, Chipset, and Bulk Power Decoupling ICH2 Decoupling

VCC3_3 VCC3SBY VCC1_8

Distribute near the 1.8V
power pins of the ICH

ICH2 3.3V Plane Decoupling: Distribute near the VCCSUS
Place 1 .1uF/.01uF pair in each corner, power pins of the ICH

GMCH Decoupling AGP Decoupling

~C382~C456 C342 C343 C363 l C381
vcel 8 000 NN
Q@ Distribute near the power pins T™ T 0.1UF ]~ 0.1UF 0.1UF 0.1UFT~ 0.1UF T~ 04U
of both SDRAM components. A.7UF 4.7UF
* L 4 L 4

q
100F |
J q |cies |cis1 |cio7 |c127 |cazs | C135 = = -
b c23g~  cosg” - -
o |

g c275 | c276| c243| ca277| c273| cC272| c274| C281
0.1UFT~ 0UFT~ 0.LUFT~ 0.1UF ]~ 0.LUFT~ 0.1UF ER VCCL 8SBY

~ 7\17 1UF .1UF .1UF .1UF .1UF .1UF .1UF .1UF ) . N
10UR, 10UR Distribute near the 1.8V Standby ]
q - power pins of the ICH

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

Vet s to componentif they fit System Memory Decoupling

VCC3SBY
Q@ DIMMO Decoupling: C
Distribute near DIMMO Power Pins. =

4 g _|cm |coo2 |caos | cos | caa6 | Cs8 Bulk Power Decoupling

g
0.1UF T~ 0.AUFT~ 0.LUF T 0.LUFT~ 0. 0.1UF

0.1UF ]~ 0AUFT 0.UF 0.1UF

+
71

i

Place on backside, No Pop C429, C430
vees 3 vees VCC,_5- vce12 vcelz-

= L L
VDDQ P L L
. §
GMCH 3.3V |0 Decoupll_ng. VCC3SBY | caa et |y | cars ~N2UF | o | et | | cses | canr | camo c19 | 22UF | cse2 | ca13 | c310 | c364
Place near GMCH AGP interface Quadrant ing: A cse | cz3 e =

DIMM1 Decoupliny I+ - s
- ping . ™ 0.4UFT 04UF 01UF~ 0AUF ¢ 01UFT~ 0.1UF sour | CHUF] OWFTTOAUR TToaur [+ 0LUFTT00UF o 1uF oauF
Distribute near DIMM1 Power Pins. ~f220F | ) | 2207 | ce0 h | c368
c432 | ca3t | cass L L L L
22UF |
4 Q C142 Ca41
48 | i b

Huj 3 VOLT Decoupling

.1 uF on back side. Do not populate. VCC3_3

Y|

01U 01U 0.1UF

VCC3SBY
DIMM2 Decoupling:

VCC3SBY  Distribute as close as possible to Distribute near DIMM2 Power Pins.

GMCH System Memory Quadrant

22UF |

| o |case |cars |cans
&

= 0.1U1 0.1U1 0.1UF
~

C435 | Casa | caz7
0.01UF | 0.01UF | 0.01UF | 0.01UF | 0.01UF | 0.01UF | 0.014F | 0.01UF | 0.01UF | 0.01UF
= A

- .01 uF on back side. Do not populate.
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Hub Interface Connector

9,14

HL[10:0]

329 PROBE CONNECTOR

6 HUBPRB 3V66 2
g UBPRB _SVe6 2|
a

HLO 6
8

HLL AT
12

HL2 b 14
> 16

HL3 ¢ 18
20

HL9 b 2
o 2

9,14 HLSTB 2%
9,14 m HLSTB# 2
30

HL10 b 32
34

HL8 s
> B

HL4 b 40
> 2

HL5 b 44
HL6 46
48

HL7 ' 50

P08-050-SL-A-G

vCel_8
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