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| NTRODUCTION

This document provides design guidelines for motherboard manufacturers on developing single Socket 7 processor and VI
Apollo MVP4 (VT8501) based systems. All the major underlying subsystems, especially Host Interface, Memory and Graphic
subsystems, related to the motherboard design are described in detail. General layouts, routing guidelines and powetsrequireme
of each subsystem are presented.

1.1 About This Design Guide

A brief description of each chapter is given below:

Chapter 1: Introduction. An overview of Apollo MVP4 reference design features is given in this chapter along with general
recommendations on MVP4 system design.

Chapter 2: Motherboard Design Guidelines.General design schemes and recommended layout rules are shown in chapter 2. It
begins with the 492-pin BGA ballout assignment. The following section contains placement and routing of a motherboard, PCE
stack-up information and power requirements for a desktop system. Detailed placement, layout, and routing guidelines for ea
bus or subsystem (Host bus, Memory subsystem, Graphic subsystem and PCI bus) are described in section 2.3.

Chapter 3: Timing Diagram Analysis. Timing analyses for cache control cycles and memory read/write cycles are discussed in
Chapter 3.

Chapter 4: Electrical Specifications.The electrical specifications for the VT8501 North Bridge are listed in this chapter.

Chapter 5: Signal Connectivity and Design ChecklistThis final chapter provides signal connection tables as a brief reference
for hardware design engineers who are experienced in PC motherboard design. Also some design checklists can be used
reviewing the Apollo MVP4 system design.

Appendices: Reference Design Schematiddeference schematics for the Apollo MVP4 system design with Super South Bridge
Controller (VT82C686A), TMDS transmitter, TV encoder, TV decoder, and VIA AC'97 Codec are shown in appendices.

Preliminary Revision 0.92December 9, 1998 1 Introduction
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1.2 Apollo MVP4 Chipset Overview

The VIA Apollo MVP4 (VT8501) is a PC Socket-7 system logic North Bridge with an integrated 2D/3D graphics accelerator. The
core logic portion of the chip is based on the VIA Apollo MVP3 (VT82C598/598MVP) with the addition of a state-of-the-art high
performance 2D/3D graphic accelerator designed by Trident Microsystems, Inc. The combination of these two leading edg
technologies provides a stable, cost effective and high performance solution for the personal computer market. Thedaatures of
Apollo MVP4 system are listed below:

* Socket 7 CPU (66-100MHz)

¢ L2 Cache and Tag RAM

¢ SDRAM Memory Interface

* PCI Bus (30-33MHz)

* Analog RGB Monitor with DDC

* Various Flat Panels or Digital Monitor Transmitter (TMDS or LVDS) Interfaces

¢ Video Capture / Playback Codec

A block diagram of a typical Apollo MVP4 based system with "Super South" South Bridge (VT82C686A) is shown in Figurel-1.
The Apollo MVP4 supports a single Socket-7 processor including 64-bit Intel PeftitRentium™ with MMX ™, AMD 6K86
™ (k6 ™ and K6-2™), Cyrix/National 6X86™/6X86MX ™, IDT/Centaur C6 and Rise MP6 CPUs at the maximum 100MHz
system bus frequency. The VT82C686A Super-lO PCI Integrated Peripheral Controller (PSIPC) is a high integration, higt
performance, power efficient and high compatibility device that supports Intel and non-Intel based processors plus P@# bus brid
functionality to make a complete Microsoft PC98-compliant PCI/ISA system. In addition to complete ISA extension bus
functionality, the VT82C686A includes the following standard intelligent peripheral controllers:

* Master mode enhanced IDE controller with dual channel DMA engine and interlaced dual channel commands

* 4-Port Universal Serial Bus controller that is USB v1.1 and Universal HCI v1.1 compliant

e Keyboard controller with PS2 mouse support

¢ Real Time Clock with 256 bytes extended CMOS

* Power management functionality compliant with ACPI and legacy APM requirements

e Hardware monitoring subsystem for managing system/motherboard voltage levels, temperatures, and fan speed

* Full System Management Bus (SMBus) interface

* Two 16550-compatible serial I/0 ports with infrared communication port option

* Integrated PCl-mastering dual full-duplex direct-sound AC97-link-compatible sound system.

* Two game ports and one MIDI port

¢ ECP/EPP-capable parallel port

e Standard floppy disk drive interface

¢ Distributed DMA capability for support of ISA legacy DMA over the PCI bus. Serial IRQ is also supported for docking
and non-docking applications

* Plug and play controller that allows complete steerability of all PCI interrupts and internal interrupts / DMA channels to
any interrupt channel

Preliminary Revision 0.92December 9, 1998 2 Introduction
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1.3 System Design Recommendations

Both the Apollo MVP4 (VT8501) and Super South (VT82C686A) give rise to VIA's most optimized chipset combination for
Socket-7 based PC systems. On an ATX form factor, for example, the optimized system specification for such a combination
listed below:

¢ Single Socket 7 CPU (66-100MHz)

* MVP4 single chip clock synthesizer

¢ Apollo MVP4 North Bridge (Host/PCI) Controller

e L2 Cache (512KB or 1MB) & Tag RAM (32KB or 64KB)

* Three DIMM Slots (maximum 768MB and 100MHz memory frequency)

* One CRT Interface (supporting of non-interlaced 1280x1024x64K, 1024x768x16M, 800x600x16M, and 640x480x16M)

* One 24-bit Flat Panel Interface (supporting standard TFT and STN panels or driving external TMDS or LVDS
transmitters)

* One Video Capture Interface

* One TV Out Interface

* Four PCI Slots (30-33MHz)

e Two ISA Slots

* One 2MB Flash ROM for system and Graphics Controller BIOS

* One AC'97 Link Controller (to cooperate with an AC'97 CODEC chip)
* Four Universal Serial Bus Ports

* PS2 Keyboard/Mouse Support

* Two Enhanced IDE Interfaces supporting both ATA-33 and ATA-66
* One Floppy Drive Interface

* One Infrared Interface

* Various Hardware Monitoring functions (supporting 5 positive voltages, 3 temperatures, and 2 fan-speed monitoring
inputs)

* One parallel Port and Two Serial Ports
* One MIDI Port
* One Game Port

For the rest of this document, the specification above will be used as a reference example for component placement and P¢
layout.
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M OTHERBOARD DESIGN GUIDELINES

This chapter describes general design schemes and recommended layout rules. It begins with the 492-pin BGA ballo
assignment. The following section contains the placement and routing of a motherboard, PCB stack-up information and pow:
requirements for a desktop system. Detailed placement, layout, and routing guidelines for each bus or subsystem (Host b
Memory subsystem, Graphic subsystem and PCI bus) are described in section 2.3.

2.1 BGA Ballout Assignment

Basically, the chipset ballout plays an important role in motherboard designs. It can determine the quality of the Rritted Cir
Board (PCB) layout. The reliability of a motherboard depends on the ballout of both the North Bridge and the South Bridge. Tc
achieve a cost effective and compact 4-layer motherboard, the ballouts should be well defined because they have an insepar:
relationship with component placement and PCB layout.

Ballouts of both the Apollo MVP4 North Bridge and the "Super South" South Bridge are designed to minimize the number of
crossover signals. Figure 2-1 shows the four major signal group quadrants of the Apollo MVP4 Ballout. They are Host, Memor)
Graphics and PCl interfaces. Please refer to the VT8501 datasheet for more details on ball assignments.
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Graphlcs ocoo VT8501 000000
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oo 000000 00000
oo 0coo0o00O0 00000
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0000

Figure 2-1. Major Signal Group Distributions of the Apollo MVP4 Ballout (Top View)
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Similarly to Figure 2-1, the major signal group quadrants of the "Super South" South Bridge are shown in Figure 2-2. They ar
PCI, ISA, Hardware Monitoring, IDE1, IDE2 (shared with Audio/Game), Super 10 (including FDC, COM, LPT, and Infrared
interface (not shown) ), USB, Keyboard & Mouse, and a group of Power Control, GPIO & Reset. Please refer to the VT82C686/
datasheet for more details on these ball assignments.
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Power Control, Hardware IDE2
GPIO & Reset  Monitoring  (Audio/Game)
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Figure 2-2. Major Signal Group Distributions of "Super South" South Bridge Ballout (Top View)

Package Information:
* The VIA Apollo MVP4 North Bridge (VT8501) is a 492-pin Ball Grid Array (BGA) package. The package size is 35mm
x 35mm and the grid matrix is 26x26.

* The VIA "Super South" South Bridge (VT82C686A) is a 352-pin BGA package. The package size is 27mm x 27mm and
the grid matrix is 20x20.
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2.2 Motherboard Description

This section illustrates proposed component placements for an Apollo MVP4 based motherboard with different systen
configurations to achieve maximum optimization. The description of the Printed Circuit Board (PCB) for a motherboard is alsc
given.

2.2.1 Motherboard Placement and Routing

For Apollo MVP4 PC motherboard designs, proposed placements and group signal routings of the three most popular form facto
(ATX, micro-ATX and Baby AT) are shown in figures 2-3, 2-4 and 2-5. Detailed layout guidelines and signal routings will be
addressed later in section 2.3.

Each figure shows a full size of its respective form factor. The empty area at the bottom of each placement diagram can |
eliminated to reduce the board size. Table 2-1 shows the full size and the suggested compact size for each form fact
implementation.

Table 2-1. Different Board Size Lists

Form Factor Type Full size Compact Size Specification

ATX 12" x 9.6" (30.5cm x 24.5cm)| 12" x 7" (30.5cm x 18cm) 4 PCI, 21SA, 3 DIMM, 1 PBSRAM
Micro-ATX 9.6" x 9.6" (24.5cm x 24.5cm) 9.6" x 7.9" (24.5cm x 20cm) 3 PCl, 1 ISA, 3 DIMM, 1 PBSRAM
Baby-AT 8.7" x 13" (22cm x 33cm) 8.7"x9.5" (22cm x 24cm)| 3 PCI, 1ISA, 3 DIMM, 1 PBSRAM

Preliminary Revision 0.92December 9, 1998 7 Motherboard Design Guidelines
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2.2.1.1 ATX Form Factor

A proposed component placement and signal group routing for an Apollo MVP4 ATX form factor system design is illustrated in
Figure 2-3. The major components on the board are: single Socket-7 CPU, four PCI slots, two ISA slots and three DIMM slot:
This Figure shows an ATX motherboard placement as a reference only. The placement should be re-evaluated if a differe
combination of PCI and ISA slots and other motherboard peripherals is desired.

@ @ Back

Panel

Graphics
H H

) E
PBSRAM
PCI

e —  Socket-7
: ISA | 686A E
© © \ 0
IDE ‘ 0
L FDC \
L IDE1 \
L IDE2 |
© © ©

Figure 2-3. ATX Placement and Routing Example
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2.2.1.2 Micro ATX Form Factor

A proposed component placement and signal group routing for an Apollo MVP4 micro-ATX system design is illustrated in Figure
2-4. The major components on the board are: single Socket-7 CPU, three PCI slots, one ISA slot and three DIMM slots. Tk
Figure shows a reference only micro-ATX motherboard placement. The placement should be re-evaluated if a differer
combination of PCI and ISA slots and other motherboard peripherals is desired.

Back
. © © Panel
Graphics
M =
O
PBSRAM
- —>
R PCI | VT8501 | < —
LI |
% ééﬁ % DRAM [ Socket - 7
LA : H B
: 686A
— |SA -
© o L2 o
IDE | |
L
L
L
O ©

Figure 2-4. Micro-ATX Placement and Routing Example
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2.2.1.3 Baby AT Form Factor

Figure 2-5 illustrates a proposed component placement and signal group routing for an Apollo MVP4 Baby-AT form factor systen
design. The major component combination is the same as that of the Micro-ATX form factor above. A reference example of tr
Baby-AT motherboard placement is shown in this Figure. The placement displayed should be re-evaluated if a different sl
combination is chosen.
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Figure 2-5. Baby-AT Placement and Routing Example

Preliminary Revision 0.92December 9, 1998 10 Motherboard Design Guidelines



/% imotagies, inc VT8501 Apollo MVP4 Design Guide

2.2.2 Printed Circuit Board Description

A brief description of the Printed Circuit Board (PCB) for an Apollo MVP4 based system is provided in this section. Ftem a cos
effectiveness point of view, a four-layer board is recommended for the motherboard design. For better quality, a sixdlager boa
preferred. These two types of boards will be discussed below:

2.2.2.1 Four-Layer Board

A four-layer stack-up with 2 signal layers and 2 power planes is shown in Figure 2-6. The two signal layers are reféehed to as
component layer and the solder layer. The two power planes are the power layer and the ground layer. The sequence
component layer-ground layer-power layer-solder layer is the most common stack-up arrangement from top to bottom. It i
recommended to place a 6-mil substrate between the solder layer and the power plane and between the component layer and
ground plane, with a 40-mil substrate between the power and ground planes. Dielectric constani|d=be 4.5 for all substrate
materials.

Routing any signal trace on the power planes, either on the power layer or on the ground layer, is not recommended. If a sigr
must be routed on the power planes, then it should be routed as short as possible on the power layer, not on the gibed layer.
impedance of all signal layers is to be in the range between 55 ohms and 75 ohms. Lower trace impedance providing better sig
quality is preferred over higher trace impedance.

Component layer (0.5 oz. Copper)

6 mils Ground layer (1 oz. Copper)
40 mils Power layer (1 oz. Copper)
6 mils Solder layer (0.5 oz. Copper)

Figure 2-6. Four-Layer Stack-up with 2 Signal Layers and 2 Power Planes
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2.2.2.2 Six-Layer Board

Figure 2-7 illustrates an example of a six-layer stack-up with 4 signal layers and 2 power planes. The layer sequence
component-ground-internall-internal2-power-solder is the most common stack-up arrangement from top to bottom. It i
recommended to place a 6-mil substrate between one signal layer and the power plane and also between the two internal lay
An 18-mil substrate must be placed between the power plane and the internal layer. Dielectric canstanidEbe 4.5 for all
Substrate materials.

In order to reduce crosstalk effects between layers, signal traces on the two internal layers should be orthogonal. yRouting a
signal trace on the power planes, either on the power layer or on the ground layer, is also not recommended on a sit-layer boa
As an exception, if a signal has been routed on the power layer, then it should be routed as short as possible. lowimgcase, r
on the ground layer is not allowed. The impedance of all signal layers is to be in the range between 55 ohms and 75eshms. Lo\
trace impedance providing better signal quality is preferred over higher trace impedance.

Component layer (0.5 oz. Copper)

6 mils Ground layer (1 oz. Copper)
18 mils Internal layer #1 (1 oz. Copper)
6 mils Internal layer #2 (1 oz. Copper)
18 mils Power layer (1 oz. Copper)

6 mils Solder layer (0.5 oz. Copper)

Figure 2-7. Six-Layer Stack-up with 4 Signal Layers and 2 Power Planes
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2.2.3 Power Requirements

This section describes issues related to the power supply of a Socket-7 CPU and an Apollo MVP4 chipset. It is well known thz
appropriate decoupling capacitors are required to provide a stable power source to the CPU, the ASIC and all other camponents
a motherboard. Moreover, details about capacitor type and placement on a motherboard are also given.

2.2.3.1 Single Socket-7 Processor Capacitive Decoupling

Currently, the voltage range of a Socket-7 processor core voltage (VCC2) is between 2.1V and 3.3V. Local regulation of VCC2 |
recommended. That is, a local DC-to-DC converter, placed as close to the CPU as possible, converts a higher voltage to a lov
voltage using a linear or switching (preferred) regulator. The closer to the load the capacitor is placed, the more iisductance
bypassed. Decoupling capacitors are required to provide a stable power source to a CPU on a motherboard. Usually, low ESR :
low ESL capacitors are preferred for decoupling. Basically, there are two types of decoupling capacitors, Bulk Capadéors (gre
than 10uF, Electrolytic or Tantalum) for preventing power supply droop and high frequency capacitors (less than 10uF, ceramic
for providing adequate decoupling. It is recommended to keep vias for decoupling capacitors (SMD type) as close todhe capacit
pads as possible (see Figure 2-8).

0.1uF (0603) 1uF (0805 10uF (1206)

)
g CM :\ \ ~ ‘
Q
pad J via

Place via(s) close to the pad of decoupling capacitors.

Belen

Figure 2-8. Example of Via Location
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30 mil for isolation region
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Figure 2-9. Decoupling Capacitor Placement for Single Socket 7 Processor

Figure 2-9 shows a suggested component placement for the decoupling capacitors for a Socket-7 CPU. The isolation regi
between the VCC2 (Core) island and VCC3 (I/O) island should be at least 30 mil wide. The high frequency decoupling capacitor
(0.1uF and 1uF) should be located as close to the power and ground pins of the CPU as possible.

Preliminary Revision 0.9December 9, 1998 14 Motherboard Design Guidelines



/% imotagies, inc VT8501 Apollo MVP4 Design Guide

2.2.3.2 Apollo MVP4 Chipset Capacitive Decoupling

Decoupling capacitors for the VT8501 and VT82C686A are shown in Figure 2-10. It is recommended to place decoupling
capacitors as close to the chips as possible and evenly distribute these capacitors around them. In most cases, liksevalue of 1
decoupling capacitors is 1uF, but 0.1uF capacitors are also acceptable. Similarly, this kind of placement can applySi€ other A
chips, slots or sockets.

| cm7 || oms | cm7 || oms
A A

— — — —
CME | Apollo MVP4 | M CM6 Super South oM

VT8501 VT82C686A
— — — —
cM5 cM2 cM5 cM2

cma || w3 [] cma | w3 []

Note: The capacitor value of CM# is 1uF.

Figure 2-10. Decoupling Capacitor Placements for VT8501 and VT82C686A
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2.2.3.3 Power Plane Partitions

The required voltage sources in an Apollo MVP4 system design are: +/-12V, +/-5V, CPU_CORE voltage, 3.3V and 2.5V. The
power layer is partitioned into several power islands with four major power sow€€x2 (CPU_CORE voltage)/CC3 (3.3V),

VCCI (2.5 V North Bridge core voltage), amMCC (+5V). The remaining power sources will have their own small power islands

or be routed as power traces 20-50 mil wide. Figure 2-11 shows the power plane partitions on a typical ATX form factor.

The island associated with VCC2 covers half the area of the PGA socket for the Socket-7 CPU. The VCC3 island covers an ar
which contains the other half of the CPU socket, the PBSRAM, the Tag RAM, the North Bridge chip, the South Bridge chip anc
all DIMM slots. The rest of the power layer belongs to VCC. Different power plane partitions for Micro-ATX and Baby-AT form
factors are shown in Figure 2-12 and Figure 2-13 respectively. The distribution of power islands is almost the same bétween AT
and Micro-ATX, except for the smaller VCC island on the power layer of the Micro-ATX.
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Figure 2-11. Power Plane Partitions for ATX
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Figure 2-12. Power Plane Partitions for Micro-ATX
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2.2.3.4 Chipset Power and Ground Recommendations

This section shows the recommended layout of the power plane and the ground plane on each layer for the two BGA chips of t
VIA chipset (VT8501 and VT82C686A). Appropriate power and ground distribution for component, ground, power and solder

layers can provide a better power and ground circuit to the chip. Power and ground layout examples for both VT8501 an
VT82C686A are shown in Figures 2-14 and 2-15 respectively.
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(c) Power Layer (d) Solder Layer

Figure 2-14. VT8501 Power and Ground Layout
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Figure 2-15. VT82C686A Power and Ground Layout
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2.2.4 Power Up Configuration

During system reset and power up, the information of the system configuration is latched at the rising edge of the REBET# sign:
Internal configuration registers of Apollo MVP4 digital core logic are based on the status of memory address lines MA[13:0].
These memory address signals may be pulled up or pulled down with external resistors to determine the configurations. If tt
default configuration setting is acceptable, no external pulled down resistors are necessary because all Apollo MVP4gsorth Brid
MA bus pins have been internally pull down on their /O buffers. Please refer to Table 2-2 for the power up configuraéion of M
signals.

Table 2-2. Power-Up Configuration for VT8501

Pin Name Pin # Strapping Description Note
MA[13:12] |AF25, AE25 Ratio Selection of CPU External Frequency to PCI Frequency
00: Auto detect 01: 3x (L00MHz)

10: 2x (66MHz) 11: lllegal selection

MA11 AE26 SERR Pin Function Selectiof:= SERR,1 = Power Good
MA[10:9] |AD25, AD26 North Bridge Clock Delay00 = 0 units,01 = 1 unit,10 = 2 units,11 = 3 units
MA8, MA2 |AC24 , AB26 | Graphics (GFX) Power on Strapping Note 1

00 : Normal operation
GFX memory clock <= N2GMCLK (NB to GFX memory clock output)
GFX video clock <= GFX PLL1 output
GFX LCD clock <= GFX PLL2 output
01: Graphic standalone simulation mode
GFX memory clock <= pin XTLI
GFX video clock <= pin IMIIN
GFX LCD clock <= pin IMIIN
1x: NB + Graphic simulation mode
GFX memory clock <= N2GMCLK (NB to GFX memory clock output)
GFX video clock <= pin IMIIN
GFX LCD clock <= pin IMIIN

MA7 AC25 Graphic Test Mode0 = Normal Mode,1 = Graphics Test Mode
MAG6 AC26 LCD On/Off selection:0 = Disable,1 = Enable LCD Panel Function
MA[5:3] AB23, AB24, |Flat Panel Type Selection Note 2
AB25 000: TFT 1024x768-18 001: TFT 1280x1024-18+18
010: TFT 800x600-18 011: TFT 1024x600-18

100: DSTN 1024x768-16  101: DSTN 1024x600-24
110: DSTN 800x600-16 111: DSTN 1024x768-24
MA[1:0] |AA23, AA24  |Graphic Clock Delay00 = 0 unit,01 = 1 unit,10 = 2 units,11 = 3 units

Notes:

1. Graphics Memory Clock (MCLK): Most of the logic inside the graphics core is referenced to this clock. It controls the VGA,
2D, 3D, DVD, and graphics data path logic.
Graphic Video Clock (VCLK): Video clock or pixel clock. Logic after the display FIFO to the CRT display signals is clocked
by VCLK. Signals such as HSYNC and VSYNC are generated from VCLK.
Normal operation (strappings of MA8 and MA2 are "00"): MCLK is provided by the VT8501 north bridge PLL, VCLK is
provided by graphics controller PLL1 and LCDCLK is provided by graphics controller PLL2.
Graphic Standalone simulation modsrappings of MA8 and MA2 are "01"): MCLK is supplied externally from pin XTLI and
VCLK and LCDCLK are supplied externally from pin IMIIN.
NB + Graphic simulation mode (strappings of MA8 and MA2 are "10 or 11"): MCLK is provided by the VT8501 north bridge
PLL and VCLK and LCDCLK are supplied externally from pin IMIIN.

2. TFT 1024x768-18: panel timing is selected for TFT panels, the panel resolution is 1024 pixels x 768 pixels, and panel data
transferred over the 18-bit panel data bus (transferring a single pixel per clock).
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The logical state of these power-up strapping pins is determined as follows: each pin of the MA[13..0] bus has an internal pul
down. Even though it can be set to logical 0 without any pull-up or pull-down, the existence of an external pull-dowuravill ins
that the correct configuration is detected. By setting a 3-pin jumper as shown in Figure 2-16, a state of logical 1(céoghml
selected (the internal pull-down resistors are weak so that they will not affect normal operation of the MA signals).

VT8501 VCC3
(North Bridge)
JLCD
=11 JLCD | LCD Function
MAG |AC2 4.7~10K ohm E 2 12 ON
Oﬁ 2-3 OFF
Header 1x3

Figure 2-16. A Typical Example of a 3-pin Jumper Strapping Circuit

The power up configuration for the VT82C686A South Bridge is shown in Table 2-3 below. The strapping of SPKR (pin V5 of
the VT82C686A) is sampled during reset to determine the usage of the Secondary Disk Data (SDD) pins. When connecting tl

SPKR signal to a speaker, the strapping circuit of SPKR is slightly different from the regular strapping circuit. Twadoapplicat
circuits for SPKR strapping are shown in Appendix F.

Table 2-3. Power-Up Configuration for VT82C686A

Signal Name| Pin # Strapping Description Notg
SPKR V5 | Selection for Secondary IDE data bus or Audio/GAME function.
1 = Audio/GAME (Audio/Game uses SDD bus and SA[15:0] can also function as SDD bus).
0 = Secondary IDE data bus (Primary IDE and Secondary IDE have their own data buses).

ROMCS# C1 | Selection of Socket-7 configuration or Slot-1 configuration.
1 = Slot-1 for Pentium Il or Socket-370 (also called “Socket-9") for Celeron
0 = Socket-7
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2.3 General Layout and Routing Guidelines

This section provides general layout rules and routing guidelines for designing Apollo MVP4 motherboards.

For most signal traces on an Apollo MVP4 motherboard layout, 6-mil trace width and 9-mil spacing are advised. To reduce trac

inductance, minimum power trace width is set at 30 mils. As a quick reference, recommended trace width and spacing fi

different trace types are listed in Table 2-4.

Table 2-4. Recommended Trace Width and Spacing

Trace Type Trace Width (mils) Spacing (mils)
Signal 6 or wider 9 or wider
Clock 15 or wider 15 or wider
Power 30 or wider 20 or wider

In high-speed bus design, general rules for minimizing crosstalk are listed below:

* Maximize the distance between traces. Maintain a minimum 9 mils space between traces wherever possible.

¢ Avoid parallelism between traces on adjacent layers.

¢ Select a board stack-up that minimizes coupling between adjacent traces.

* The trace impedance of all signals should be lower than 65 ohms.

2.3.1 Apollo MVP4 Clock Layout Recommendations

The requirements of the system clock synthesizer for an Apollo MVP4 based system design are listed in Table 2-5.

Table 2-5. Apollo MVP4 Clock Synthesizer Requirements

Clock Signal Type Frequency (MHz) | Quantity Connections

CPU Clock 66/75/83/95/100/124 4 Connect to CPU (1), Apollo MVP4 (1) and L2 Cache (2)
SDRAM Clock 66/100 13 Connect to three SDRAM slots (12) and Apollo MVP4 (1)
SDRAM Clock In 66/100 1 Connect to Apollo MVP4 (1)

PCI Clock 30/33 6 Connect to Apollo MVP4 (1), Super South (1), and PCI slots (4)
USB Clock 48 1 Connect to Super South (1)

Super 1/0O Clock 24 1 Connect to Super I/O (1) if an external Super 1/O is used
Reference Clock 14.31818 2 Connect to Super South (1) and ISA slots (1)

Note: The voltage level for all clock signals is 3.3V.
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The 13 (66 / 100MHz) SDRAM clocks are generated from a clock buffer inside the system clock synthesizer. They are controlle
by the SDRAM clock output (MCLKO) provided by the Apollo MVP4 North Bridge. The VT8501 (North Bridge) has built-in de-
skew Phase Lock Loop (PLL) circuitry for optimal skew control within and between clocking regions. For more details, refer to
Figure 2-17.

VT8501 (North Bridge) 4SDCLKsto —
each DIMM

(a2}

MCLK N §

N MCLK MCLKO =

> "> Dramclock [ a
De-skew PLL L

Clock

Synthesizer D GCLK [

A . MCLKI External Clock o~

~ Synthesizer =

[>—e» coLK with SDRAM =

Clock Buffer

HCLK -

=

HCLK External Host clock - 66MHz or 100MHz %

CCLK Internal Host clock - 66MHz or 100MHz

MCLK Memory (SDRAM) clock - 66MHz or 100MHz L]

GCLK AGP clock - 66MHz

Figure 2-17. Apollo MVP4 Chip Clocking Scheme

2.3.1.1 Clock Routing Considerations

Clock routing guidelines are listed below:

* The recommended range of a clock trace width is between 15 mils and 20 mils.

* The minimum space between one clock trace and adjacent clock traces is 15 mils. The minimum space from one segme
of a clock trace to other segments of the same clock trace is two times of the clock width. That is, more space is need
from one clock trace to others or its own trace to avoid signal coupling (see Figure 2-18).

* Clock traces should be parallel to their reference ground planes. That is, a clock trace should be right beneath or on top
its reference ground plane (see Figure 2-19).

e Series terminations (damping resistors) are needed for all clock signals (typically 10 ohms to 33 ohms). When two load
are driven by one clock signal, the series termination layout is shown in Figure 2-20. When multiple loads (more thar
two) are applied, a clock buffer solution is preferred.

* |solating clock synthesizer power and ground planes through ferrite beads or narrow channels (typically 20 mils to 5C
mils) is preferred.

* No clock traces on the internal layer if a six-layer board is used.
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Clock trace —4

15 mils

v
Clock *

Synthesizer % Two times of the width
ﬁ F of the clock segment

Clock
Segment

Figure 2-18. Clock Trace Spacing Guidelines

Clock
trace
Another
ground Another
plane ground Clock
plane trace
. y
Relative Relative
ground ground
plane plane
RECOMMENDED NOT RECOMMENDED
Figure 2-19. Effect of Ground Plane to a Clock Signal
Damping
resistors
™S
e Clock Load
Clock Source [
™S
e Clock Load

In equal length In equal length %

Figure 2-20. Series Termination for Multiple Clock Loads
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2.3.1.2 Host CPU Clock and SDRAM Clock Signals

The layout recommendations of the host clocks and SDRAM clocks are shown in Figure 2-21. 22 ohm and 10 ohm serie
terminations are recommended for all host clocks and all SDRAM clocks respectively. It is also recommended that bypas
capacitors be added to all clock signals on the clock synthesizer side. Different values of series terminations andabitpess cap
are needed for a better clock transmission and alignment on the final PCB layout. In other words, it is best to obdemrle the ac
clock waveform and experimentally determine the optimal values for series termination and bypass capacitors. For cloc
alignment considerations, trace lengths of all clocks should match the longest one.

, 0~33 10 ~ 33 pF
ohm Fery Socket-7
CPUCLK T ) P, CPU
l LCPU +1"
PBCLKO l { ) ; ) PBSRAM
l Lepp* 1" g
PBCLK1 ‘ T D P, . PBSRAM
i i i l LCPU + 1"
HCLK - d ) 7 )
| Nt P
% T | 035 | VT8501
! = | Lpour ohm
SDCLKIN —Q S T DCLKOUT
(as short as possible) I 10 ~ 33 pF
Lop,-3" =
CPU -
SDCLK_F ¢ DCLKIN
Clock Rl T 10~ 33 0
. I I ~oop
Synthesizer L . L
LCPU -3
SDCLKO
SDCLK1 2 C ) —
SDCLK2 D 1o,
SDCLK3 a8 7 1,
IT1I1T o
SDCLK4 7 D,
SDCLK5 )
& C DIMM2
SDCLK6 Ol
SDCLK7 + ) 1o,
ITIII o
SDCLK8 7 I,
SDCLK9 p)
& C DIMM3
SDCLK10 i J ? )
SDCLK11 s ) ——=

Figure 2-21. Host Clock and SDRAM Clock Layout Recommendations
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2.3.1.3 PCI Clock Signals

Layout recommendations for the PCI clocks are shown in Figure 2-22. 22 ohm series terminations are recommended for all P
clocks. A typical 22 pF bypass capacitor is also required for each PCI clock. Depending on how the system is desidpreed, the va
of the bypass capacitors for the PCI clocks may vary. For clock alignment considerations, trace lengths of all PCI dibcks shou
match the longest one.

0~33 10~33
ohm pF L, (Lyg) (N\!LBE\?ﬂ )
NPCLK ) 1D, 9
1T
Clock l
Synthesizer
VT82C686A
SPCLK Ly (Lse) (South Bridge)
1
Ly(Ly)
PCLKO
1
|
L Ly(Ly) 1
PCLK1
l |
l L,(L,) 2
PCLK2 l
|
L L, 3
PCLK3 - e
T (Assume L,>L,, L,, andthe rest) | |
= 4

Figure 2-22. PCI Clock Layout Recommendations
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2.3.1.4 Miscellaneous Clock Signals

22 ohm series terminations are recommended for clock signals such as the USB clock (48 MHZz), Super 1/O clock (typically 2
MHz) and reference clock (14.31818 MHZ) which are generated from the system clock synthesizer.

22 ohm series terminations are also needed for clock signals such as the LCD shift clock (SHFCLK, 32.5 or 65 MHz), Videc
Capture clock (VIDCLK, typically 27MHz), and TV clock (TVCLK, 27~44MHZ), generated from the VT8501 North Bridge. The
highest frequency the VT8501 can provide for SHFCLK is 108 MHz.

The trace width for the clocks above should be at least 15 mils. To reduce crosstalk impact, trace spacing betweensthese clo
and other signals should be maintained at a minimum of 15 mils.
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2.3.1.5 Clock Trace Length Calculation

CPU Clock Trace Length Calculation

Before routing any other signals on the board, pre-route every CPU clock trace from the system clock synthesizer to the CP
(CPUCLK), North Bridge (HCLK), and PBSRAM(s) (PBCLKO or PBCLK1) as short as possible. All high frequency clock
alignment will be on the basis of the longest one (usually CPUCLK). A calculation example is shown below.

Clock Trace Shortest Desired Allowable Allowable
Length Length Difference Range
Clock chip> CPU Lepu Lcpu - 4"~9"
Clock chip—> VT8501 (NB) Lng Lepy + 1" 0.5" 3"~9"
Clock chip> PBSRAM Lpg Lepy + 1" 0.5" 3"~9"

SDRAM Clock Trace Length Calculation

Pre-route SDRAM clock traces (SDCLKO~SDCLK11) from the system clock synthesizer to the DIMM slots as short as possible.
The length of all SDRAM clocks will be based on the longest ogg).(LThe length of MCLKI (lg;y) should be the same as that
of the SDCLKs. The MCLKO clock trace should be as short as possible. A calculation example is shown below.

Clock Trace Shortest Desired Allowable  Allowable
Length Length Difference Range
Clock chip—> SDCLK[11:0] Lsp (assume < py) Lepy - 3" 0.5" 3"~5"
MCLKI (Clock chip > NB) Lo Lepy - 3" 0.5" 3"~5"
MCLKO (NB -> Clock chip) Loout Lpout - 2"~5"

PCI Clock Trace Length Calculation

Pre-route PCI clock traces from the system clock synthesizer to the VT8501 (NPCLK) and VT82C686A (SPCLK) as short ac
possible. Then pre-route PCI clock traces PCLKO~PCLK3 from the system clock synthesizer to all PCI slots as short as possibl
The length of these clocks will be based on the longest one. A calculation example is shown below.

Clock Trace Shortest Desired Allowable Allowable
Length Length Difference Range
Clock chip—~> VT8501 (NB) Lug L,+25" 0.5" 5"~14.5"
Clock chip~> VT82C686A (SB) lsg L,+25" 0.5" 5"~14.5"
Clock chip~> PCI1 L L, 0.5" 5"~12"
Clock chip—> PCI2 L, L, 0.5" 5"~12"
Clock chip~> PCI3 L5 L, 0.5" 5"~12"
Clock chip—> PCl4 L, ( > the others) L, - 5"~12"

Notes:

1. Shortest length means the minimum routable trace length between both clock ends.

. Desired length means the real length of the clock traces on PCB layout.

. Allowable difference means the maximum difference between clock traces of the same type.

. Allowable range means the acceptable clock length range for the specific clock.

. The location of the system clock chip can affect the length of all clock traces. To optimize the clock alignmentcloleice the
chip at an appropriate location.

. In addition, the trace impedance of all clock traces should be lower than 55 ohms.

GabhwiN

(o))
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2.3.2 Routing Styles and Topology

High-speed bus signals are sensitive to transmission line stubs, which can result in ringing on the rising edge causgd by the h
impedance of the output buffer in the high state. In order to maintain better signal quality, transmission stubs shaowlddss kep

1.5 inches. Therefore, daisy chain style routing is strongly recommended for these signals. Figure 2-23 below showg an exam|
of a daisy chain routing.

Trace Length

T

ASIC
<— Short Stub —F@

ASIC

ASIC ASIC
or or
Connector Connector

Figure 2-23. Daisy Chain Routing Example

Topology is the physical connectivity of a net or a group of nets. Basically, there are two types of topologies for aambtherbo
layout: point-to-point and multi-drop. An example of these topologies is shown in Figure 2-24.

‘ Multi-Drop
— ASIC
i i
[ [
ASIC ASIC
3 or or
Point-to-Point || Connector Connector

Figure 2-24. Point-to-Point and Multi-Drop Topology Examples

If daisy chain routing is not allowed in some circumstances, different routings may be considered. An alternative topology is
shown in Figure 2-25. The branch point in this case is somewhere between both ends. It may be near the source odgear the lo
Being close to the load side is best. The separated traces should be equal length.

ASIC
or
ﬁ Connector
ASIC Equal Length
Somewhere in ¢ Ai:C
the middle
Connector

Figure 2-25. Alternate Multi-Drop Topology Example
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2.3.3 Host Interface Layout and Routing Guidelines

The host address bus and host data bus are typical multi-drop buses. Except for the byte enable signals, most hosalsontrol sig
are point-to-point connections between CPU and North Bridge. For multi-drop connections, daisy chain routing style is strongh
preferred from a transmission line effect point of view. Recommended layout guidelines and routing examples for each bus ar

control signal with one PBSRAM chip are given in the following sections (see Section 2.3.4 for the two-PBSRAM-chip case).

2.3.3.1 Host Address Bus

The recommended routing for the host address bus is to place the CPU and the Apollo MVP4 North Bridge at both ends of tl
daisy chain. This daisy chain topology includes CPU, Tag RAM, L2 Cache Pipelined Burst Synchronous RAM (PBSRAM) and

VT8501 (North Bridge) as shown in Figure 2-26 below.

3" < Total Trace Length (L1+L2+L3+Stubs) < 8"
3" < Trace Length (L4) < 8"

PBSRAM
(64KxB4) TAG
VT8501 Al18.3] Al18..5]
(North Bridge) Socket-7
<— Stub<05" —p CPU
L3 12 11
A18.3] —o > ’ > o7 A18.3]
L4 <+
A[31..19] s AL31.19]
<t

Figure 2-26. Host Address Bus Topology Example

2.3.3.2 Host Data Bus

The recommended routing for the host data bus is to place the CPU and the Apollo MVP4 North Bridge at both ends of the dai:

chain. This daisy chain topology includes CPU, L2 Cache PBSRAM, and VT8501 as shown in Figure 2-27 below.

VT8501
(North Bridge)

D[63..0]

Stub <0.5" —»
L2

PBSRAM
(64Kx64)

D[63..0]

L1

<

3" < Total Trace Length (L1+L2+Stub) < 7"

D[63..0]

Socket-7
CPU

Figure 2-27. Recommended Example of Host Data Bus Topology
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2.3.3.3 Host Control Signals

The only multi-drop group of host control signals is BE[7..0]. All remaining host control signals from the VT8501 North Bridge
PBSRAM, or South Bridge may be routed point-to-point. A brief description of each control signal is listed in Table 2-6.

VT8501 Apollo MVP4 Design Guide

Table 2-6. Host Control Signals

North Bridge -- L2 PBSRAM -- CPU
Signal Name I/0 Description
BE[7..0] I0 |Byte Enable
North Bridge -- CPU
Signal Name I/0 Description
ADS# IO |Address Strobe
AHOLD O |Address Hold
BOFF# O | Back Off
BRDY# I0 |Bus Ready
CACHE# | |Cacheable Indicator
D/C# IO |Data / Control Indicator
EADS# O | External Address Strobe
KEN# O |Cache Enable / Invalidate
HITM# | |Hit Modified
HLOCK# | |Host Lock
M/IO# I0 |Memory /10 In Indicator
NA# O |Next Address Indicator
SMIACT# | |System Management Interrupt Active
W/R# IO |Write / Read Command Indicator
L2 PBSRAM -- CPU
Signal Name I/0 Description
ADSC# | | Address Strobe Copy
North Bridge -- Tag RAM
Signal Name I/0 Description
TA[7..0] IO |Tag Address
TWE# O |Tag Write Enable
North Bridge -- L2 PBSRAM
Signal Name I/0 Description
CADS# O | Cache Address Strobe
CADV# O |Cache Advance
COE# O | Cache Output Enable
CCS# O | Cache Chip Select
GWE# O | Global Write Enable
BWE# O | Byte Write Enable
South Bridge -- CPU
Signal Name I/0 Description
CPURST OD | CPU Reset
INTR OD |CPU Interrupt
NMI OD |Non-Maskable Interrupt
INIT OD |Initialization
STPCLK# OD | Stop Clock
SMI# OD |System Management Interrupt
FERR# I | Numerical Coprocessor Error
IGNNE# OD | Ignore Numerical Error
A20M# OD |A20 Mask

In the following sections, a layout example is given for each of the six cases above (NB-L2-CPU, NB-CPU, L2-CPU, L2-NB,

Tag-NB, and SB-CPU). Routing guidelines are also provided.
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North Bridge - L2 PBSRAM - CPU
A recommended layout example for host multi-drop control signals BE[7..0] is shown in Figure 2-28.

* |tis recommended that the PBSRAM be placed between the North Bridge and the CPU.

* The traces for signals BE[7..0] should be a minimum of 6 mils in width and a minimum of 9 mils in spacing. The total
length should be limited to be under 7 inches.

PBSRAM
(64Kx64)
VT8501 BE#7.01 Socket-7
(North Bridge) CPU
Stub < 0.5" —p
L2 L1
BE#[7..0] 1%, 7> BE#[7..0]
<t

Total Trace Length (L1+L2+Stub ) < 7"

Figure 2-28. Layout Example of Host Multi-Drop Control Signals BE[7..0]

CPU to Apollo MVP4 North Bridge
The Point-to-point connection for host control signals between the VT8501 and the CPU is illustrated in Figure 2-29.
* Signals ADS#, M/IO#, W/R#, CACHE#, LOCK# are strongly recommended to be routed as short as possible. The trace

width of those signals should be at least 6 mils wide. The trace length of those signals should be limited to be under
inches.

* Traces for the other signals should be at least 6 mils wide and at most 6 inches long.

VT8501 Total Trace Length (L) < 6"
. Socket-7 CPU
(North Bridge) | .
L
ADS# T ADS#
BRDY# Z— BRDY#
DICH ) DIC#
MIO# — M/IO#
WIR# S — WIR#
<t
AHOLD Z R AHOLD
BOFF# o= BOFF#
EADS# 7 R— EADS#
KEN# ZA— INV
NA# P — NA#
_—
CACHE# Zi— CACHE#
HITM# A HITM#
HLOCK# s a— LOCK#
SMIACT# S — SMIACT#
—

Figure 2-29. Layout Example of Host Control Signals from North Bridge to CPU
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L2 Pipelined Burst Synchronous RAM to CPU

A recommended layout example for signal ADSP# between the PBSRAM and the CPU is shown in Figure 2-30.

* The trace for ADSP# of PBSRAM should be a minimum of 6 mils in width and a maximum of 6 inches in length for the
single PBSRAM case (see section 2.3.4 for the dual PBSRAM case).

PBSRAM ) Socket-7
(64K x 64) Total Trace Length (L) < 6 chet
ADSP# L ~ .

Figure 2-30. Layout Examples of Host Control Signal from PBSRAM to CPU

The Cache Control interface is between a North Bridge, a Tag RAM and one or two PBSRAM chips. All Tag RAM signals are
point-to-point connections. The control signals of the PBSRAM could be point-to-point connections or multi-drop connections
depending on whether one PBSRAM or two PBSRAM chips are used in the system design.

North Bridge to Tag RAM

The only point-to-point signals to the Tag RAM are the address bus TA[7..0]. A layout example for TA[7..0] and TWE# between
the VT8501 North Bridge and the Tag RAM is shown in Figure 2-31. The requirement for running the Socket-7 host CPU bus a
100 MHz is to choose a Tag RAM with an access time less than 8 ns. Routing guidelines are listed below.

* The traces for signals TA[7..0] should be a minimum of 6 mils in width and a maximum of 2.5 inches in length.
* The trace for TWE# should also be a minimum of 6 mils in width and a maximum of 2.5 inches in length.

VT8501 Trace Length L1 or L2 < 2.5" Tag RAM
(North Bridge)
L1
TA[7..0] S D[7..0]
L2
TWE# o WE#

Figure 2-31. Layout Example of Tag RAM signals from North Bridge
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North Bridge to PBSRAM

PBSRAM control signals CADS#, CADV#, BWE#, GWE#, COE# and CCS# may be routed point-to-point from the VT8501
(North Bridge) to the PBSRAM. One layout example is shown in Figure 2-32. Routing at a 100 MHz bus frequency requires ¢
PBSRAM with an access time less than 8 ns. Routing guidelines are listed below:

* Signal traces should be a minimum of 6 mils in width and a minimum of 9 mils between traces for the single PBSRAM
case (see section 2.3.4 for the dual PBSRAM case). The maximum length of these traces should be less than 4 inches.

VT8501 Trace Length (L) < 4" PBSRAM
(North Bridge) (64Kx64)
b
CADS# 7 Z ADSC#
CADV# R, ADV#
COE# g OE#
ces# T CE#
GWE# Tz GWE#
BWE# R, BWE#
L 77777777777 E——

Figure 2-32. Layout Example of One PBSRAM Chip

South Bridge to CPU
A layout example of VT82C686A (South Bridge) control signals to the CPU is shown in Figure 2-33.

¢ Each south bridge Open Drain (OD) output control signal to the CPU needs a 4.7K ohm pull-up which should be placec
as close to the VT82C686A chip as possible.
* A minimum of 6 mils in width and a minimum of 9 mils in spacing is sufficient for good signal quality.

* No specific limitation of the trace length for these control signals is required.

0)
VT82C686A ; |
: ! 47K Socket-7 CPU
(South Bridge) 3 ohm |
A20MH# | o= A20M#
CPURST A CPURST
IGNNE# o= IGNNE#
INIT T INIT
INTR o= INTR
NMI T NMI
SMI# o= SMi#
STOPCLK# A STOPCLK#
FERR# A FERR#
D Layout these traces

as short as possible

Figure 2-33. Layout Example of Control Signal from South Bridge to CPU
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2.3.4 1MB L2 Cache Placement and Layout Guidelines

Placement and routing examples and layout guidelines for IMB L2 cache (two 64Kx64 PBSRAM chips) are discussed in thi:
section since the previous section only described the single-PBSRAM-chip case. For an Apollo MVP4 PC motherboard desig
proposed placements and signal routings of the three most popular form factors (ATX, micro-ATX and Baby AT) are shown ir
following figures 2-34, 2-35, and 2-36. Detailed layout guidelines and signal routing are also addressed.

2.3.4.1 Placement and Routing for 1IMB L2 Cache

Component placement and signal routing examples for ATX, Micro-ATX and Baby-AT form factors are shown in Figures 2-34, 2-
35 and 2-36. The major components on the board are the single Socket-7 CPU, PCI slots (four or three), ISA slots (two or one
three DIMM slots, and two PBSRAM chips. These placement and routing examples are provided as a reference only. Th
placement should be re-evaluated if a different combination of PCI and ISA slots and other motherboard peripherals is desired.

Each figure shows a full size of its respective form factor. The empty area at the bottom of each placement figure can b
eliminated to reduce board size. Table 2-7 shows the full size and the suggested compact size for each form factor.

Table 2-7. Different Board Size Lists for Two PBSRAM Chips

Form Factor Type Full size Compact Size Specification
ATX 12" x 9.6" (30.5cm x 24.5cm)| 12" x 7.8" (30.5cm x 20cm) 4 PCI, 2 ISA, 3 DIMM, 2 PBSRAM
Micro-ATX 9.6" x 9.6" (24.5cm x 24.5cm) 9.6" x 9.5" (24.5cm x 22dm) 3 PCI, 1 ISA, 3 DIMM, 2 PBSRAM
Baby-AT 8.7" x 13" (22cm x 33cm) 8.7" x 10.2" (22cm x 26¢cm) 3 PCI, 1 ISA, 3 DIMM, 2 PBSRAM

In addition, power partitions on the power layer for each form factor are similar to Figures 2-11, 2-12 and 2-13.
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ATX with two PBSRAM Chips

A proposed component placement and signal group routing for an Apollo MVP4 ATX form factor system with two PBSRAM
chips is illustrated in Figure 2-34. The major components on the board are the single Socket-7 CPU, four PCI slots,diso ISA sl
and three DIMM slots. This figure shows an ATX motherboard placement as a reference only. The placement might need to |
different if a different combination of PCI and ISA slots and other motherboard peripherals is desired.

Back

© © Panel

O
o)
o)
o)

Graphics

Host ,(/O)—>

PCI
S 3 A
9 9 9 V18501 &

©000000000000000000000000000000
©000000000000000000000000000000
©000000000000000000000000000000
©000000000000000000000000000000

5606000000000000600600000000
560060000p0000600606060600060000

©0000000d00000000000000000
©000000p0000000000000000

©0000000d00000000000000000

5000060

HH

5000060
00000
000000
co0o000
5000060
00000
000000
co0o000
56066060
00000
000000
cooo0

|
L-1ox%008

aoo0o000000000000000
000000000000000000
©00000000000000000
aoo0o00000a000000000

D S 00 n0000000000000000 U 0000000600000000 U 00000
0°000°0.0:0.000000000000000  506000000800000 ~ 00000

© ©) R G R GEREGY ST () s ©

©000000000000000000000 ©00000000000000 cooon
00000 )
©000000000000000000000 ©00000000000000 00000
©000000000000000000000 ©00000000000000 00000

. FDC
IDE1 \

L
L IDE2 |

© © ©

Figure 2-34. ATX Placement and Routing Example for Two PBSRAM Chips
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Micro-ATX with two PBSRAM Chips

A proposed component placement and signal group routing for an Apollo MVP4 micro-ATX system design with two PBSRAM
chips is illustrated in Figure 2-35. The major components on the board are the single Socket-7 CPU, three PCI slotdpone ISA s
and three DIMM slots. This figure shows a reference only micro-ATX motherboard placement. The placement should be re

evaluated if a different combination of PCI and ISA slots and other motherboard peripherals is desired.
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Figure 2-35. Micro-ATX Placement and Routing Example for Two PBSRAM Chips
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Baby-AT with two PBSRAM Chips

Figure 2-36 illustrates a proposed component placement and signal group routing for an Apollo MVP4 Baby-AT form factor
system design with two PBSRAM chips. The major component combination is the same as that of the Micro-ATX form factor
above. A reference example of the Baby-AT motherboard placement is shown in this figure. The placement displayed should |
re-evaluated if a different slot combination is chosen.
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Figure 2-36. Baby-AT Placement and Routing Example for Two PBSRAM Chips
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2.3.4.2 1MB L2 Cache Layout Rules

The L2 Cache system has two interfaces: Host interface and Cache Control interface. The host interface between CPU and t
PBSRAM chips contains only one connection type. Host address bus, host data bus and byte enable signals are typical multi-d
connections. A daisy chain style of the routing is also strongly preferred for multi-drop connection even if two PBSRAK& chips

used. The Cache Control interface between the VT8501 North Bridge and the two PBSRAM chips also uses multi-drof

connection in daisy chain style.

Recommended layout guidelines and routing examples for each bus and control signal are given in the following sections.

Host Address Bus

Recommended routing is to place the CPU and VT8501 (North Bridge) at both ends of the daisy chain. A daisy chain topolog

includes CPU, Tag RAM, two PBSRAM chips, and VT8501 routed as shown in figure 2-37 below.

3" < Total Trace Length (L1+L2+L3+L4+Stubs) < 8.5"
3" < Trace Length (L5) < 6.5"

PBSRAM PBSRAM TAG
(64Kx64) (64Kx64)
VT8501 Socket-7
A[19.3 A[19..3 A[19.5
(North Bridge) 2.3 23] 9.9 CPU
<— St <— Stwb<05 —p
L4 L3 L2 L1
Al19.3] —a & T A[19..3]
<t
L5
A[31..20] o> A[31..20]
<t

Figure 2-37. 1MB L2 Cache Host Address Bus Topology Example

Host Data Bus

The CPU, VT8501 (North Bridge), and two PBSRAM chips are connected to the host data bus. Similarly to the address bu:

placing the CPU and the VT8501 at both ends of the daisy chain is recommended as shown in figure 2-38 below.

VT8501
(North Bridge)

D[63.0] —2

Y

PBSRAM PBSRAM
(64Kx64) (64Kx64)
D[63..0] D[63..0]
<— Stub<05 —p
L2
g

-

3" < Total Trace Length (L1+L2+L3+Stubs) < 7"

&

Ve

Socket-7
CPU

D[63..0]

Figure 2-38. 1MB L2 Cache Host Data Bus Topology Example
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Byte Enable Signals
A recommended layout example for host multi-drop control signals BE[7..0] is shown in Figure 2-39 below.

* |tis recommended that the two PBSRAM chips be placed between the North Bridge and the CPU.

* The traces for BE[7..0]# should be a minimum of 6 mils in width and a minimum of 9 mils in spacing. The total length
should be limited to be under 8 inches.

PBSRAM PBSRAM
(64Kx64) (64Kx64)
VT8501 BE[7..0] BE[7..0] Socket-7
(North Bridge) CPU
<«— Stb<05" < —p
L3 L2 L1
BE[7.0] — 2> T o722 BE[7.0]

3" < Total Trace Length (L1+L2+L3+Stubs) < 8"

Figure 2-39. 1MB L2 Cache Host BE[7..0] Control Signal Topology Example

ADSP# Signal
A recommended layout example for signal ADSP# between the two PBSRAM chips and the CPU is shown in Figure 2-40 below.

* This signal trace should also be a minimum of 6 mils in width and a maximum of 8 inches in length when two PBSRAM
chips are used.

PBSRAM PBSRAM
(64Kx64) (64Kx64)
ADSP# ADSP# Socket-7

CPU
< Stub <0.5" —>»
L2 L1
7 ' (J ADSC#
<

3" < Total Trace Length (L1+L2+Stubs) < 7"

Figure 2-40. 1MB L2 Cache PBSRAM to Host CPU Control Signal Topology Example
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Control Signals between VT8501 and Two PBSRAM Chips

Control signals CADS#, CADV#, BWE#, GWE#, COE# and CCS# connect the North Bridge to the two PBSRAM chips. One
layout example for these control signals is shown in Figurer 2-41. Operating at a 100 MHz bus frequency requires choosing
PBSRAM with access time less than 8 ns. Routing guidelines are listed below.

* These signal traces should have the same trace attributes as previously mentioned (6 mil width / 9 mil space minimun
and a maximum of 4 inches in length for the double PBSRAM case.

PBSRAM
VT8501 (64Kx64)

(North Bridge)

CADS# Stub <0.5" —p
CADV# L1 L2 PBSRAM
COE# T — (64Kx64)

CCS# R ——

GWE#
BWE#

Total Trace Length (L1+L2+Stub) < 4"

Figure 2-41. 1MB L2 Cache PBSRAM to North Bridge Control Signal Topology Example
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2.3.5 Memory Subsystem Layout and Routing Guidelines

All DRAM signals are multi-drop connections. A brief description of the memory subsystem signals is provided in Table 2-8
below.

Table 2-8. Memory Subsystem Signals

North Bridge -- DRAM

Signal Name 1/0 Description
MA[13..0] O |Memory Address
MD[63..0] IO |Memory Data
MECCI7..0] I0 |DRAM ECC or EC Data
RASI5..0J# O | Row Address Strobe of each bank
CAS[7..0l# O | Column Address Strobe of each byte lane
SRASA# O |Row Address Command Indicator
SRASB#
SRASC#
SCASA# O |Column Address Command Indicator
SCASB#
SCASC#
SWEA# O |Write Enable Command Indicator
SWEB#
SWECH#

The maximum DRAM installation is three DIMM slots. Two layout examples (Daisy Chain Ordering and Star Style) for all
DRAM buses and control signals between the Apollo MVP4 North Bridge and the three DRAM DIMM slots is shown in Figure 2-
42 and 2-43. The requirement to run at a 100 MHz frequency is to choose an SDRAM module with an access time less than 8
(i.e.,"PC100"). Routing recommendations are listed below.

* Traces for all DRAM signals should be a minimum of 6 mils in width and 9 mils in spacing.

* For daisy chain routing, traces of MA[13..0], MD[63..0], CAS[7..0]# and MECC]J7..0] should be connected to DIMM
modules in order of DIMM1, DIMMZ2, and DIMM3 (see figure 2-42). It is recommended to make both segments L2 and
L3 as short as possible.

* For star style routing, traces of MA[13..0], MD[63..0], CAS[7..0]# and MECC]J7..0] should be connected to DIMM2 first
and then separated into two trace segments to DIMM1 and DIMMS respectively (see figure 2-43). It is recommended t
make both segments L1 and L3 equal length.

e Each trace for RAS[5..0]# should be separated into two traces with a serial damping resistor for each to the respectiv
DIMM slots. For example, trace RASO# is separated into two traces which are connected to DIMM1 with a serial
damping resistor for each separate trace.
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VT8501
(North Bridge)
MA[13..0]

MDI[63..0]
CASI[7..0J#

MECC[7..0]

SWEA#
SRASA#
SCASA#

SWEB#
SRASB#
SCASB#

SWEC#
SRASC#
SCASC#

RASO#
RAS1#

RAS2#
RAS3#

RAS4#
RASS5#

DIMMA1 DIMM2 DIMM3
M Aear | i i i
§ 033 r<L1<4 | 0.4"<12<06" 0.4"<13<0.6"
i < : O 7 F—1—O 2 o——1—0
y o — o — o
y ; o oo 7 S Q)
< O) :) ) O) :) 7 O
| Ls1<4
’ o
Ls2<5"
y o
LS3<6"
’ o
7777_: 7777777777777777 1}
0~83 LRT<4" |
ohm !
- < ! o ‘
: 3 O LR2<5" |
”””””” ZA— O
o< T—++0 LR3 <6"
”””””” — 0
Stub <0.5" p— ©

Figure 2-42. Daisy Chain Ordering Routings of Three-DRAM DIMM Slots

DIMM!1 DIMM2 DIMM3
VT8501
(North Bridge) | =7 o 0.4"<L1<0.6" 0.4"<L3<0.6"
0-33 1"<L2<4" o Z— 7 — O
MA[13..0] <
O 2 * 2 * O
MDI[63..0] 4
O 2 * 2 * O
CAS[7..0# 4
O 7 12 7 12 O
MECC[7..0] 14
SWEA# LS1<4"
SRASA# < O
SCASA#
SWEB# LS2 < 5"
SRASB# 7 * O
SCASB#
SWECH# LS3<6"
SRASC# 7 12 O
SCASC# | L_______.
foc N gy
ohm o
RASO# g, C d OO0 |
RAS1# < O LR2<5
RAS2# s C 7 12 O | e
RAS3# 7P O LR3<6
RAS4# 2 * O
RASS# | sib < 05" Sa— O
Figure 2-43. Star Style Routings of Three-DRAM DIMM Slots
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Suspend to DRAM

A recommended schematic example of choosing Suspend to DRAM mode is shown in Figure 2-44. Only two SDRAM DIMM
modules can be selected to implement Suspend to DRAM mode. If the Suspend to DRAM function is not implemented, net
CKE[5..0] of the DIMMs should be tied directly to VCC3 and all resistors (RA) on the left side should be removed. Signals
RAS4#, RAS5#, SCASC# and SRASC# are swappable for CKE[3..0]. For example, RAS4# is not fixed for CKEQO.

VCC3
O
I o |
Install resistors RA to enable | RB | Otherwise. tie these
VT8501 Suspend to DRAM Mode | (4.7K ohm) | signals to VCC3
(North Bridge) T P i
' RA
(0 ohm) DIMM1
RAS4# ‘ CKEO
RAS5# CKE1
DIMM2
SCASC# ; CKE2
SRASC# CKE3

Figure 2-44. Schematic Example of Choosing Suspend to DRAM Mode
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2.3.6 PCI Interface Layout and Routing Guidelines

It is recommended that the VT8501 and VT82C686A be placed at both ends of the PCI bus for better signal termination. A
example topology of the PCI bus on an ATX form factor is shown in Figure 2-45 below.

¥10d
€10d
2lod
110d

VT8501
North Bridge

Traces on
component side

VT82C686A
South Bridge

Traces on
solder side

Figure 2-45. PCI Topology Example

Each of the following signals IRDY#, TRDY#, DEVSEL#, STOP#, LOCK#, PERR#, SERR#, FRAME#, INTA#, INTB#, INTC#,
and INTD# requires a 4.7K ohm pull-up to VCC. The REQ# signals need 2.2K ohm pull-ups to VCC. The GNT# signals neec
2.2K ohm pull-ups to VCC3.
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2.3.7 Graphic Subsystem Layout and Routing Guidelines

The material presented in this section provides schematic examples and layout guidelines for the graphic subsystem f the Apo
MVP4 North Bridge. The recommended trace sizes and restrictions are based on conservative “worst case” design conditions f
an Apollo MVP4 based motherboard. There is a degree of flexibility in the trace widths, but the values presented inrthis secti
are strongly recommended if real estate and budget permit.

2.3.7.1 Clock Synthesizer

The on-chip clock synthesizer inside the MVP4 Graphics Controller requires a quartz crystal of the following characteristics:

Table 2-9. Clock Synthesizer Characteristics

Frequency 14.31818MHz +0.1% fundamental resonance
Load Capacitance 15 pF to 40 pF in parallel resonance mogde
ESR 25 to 45 ohm

Shunt Capacitance Approximately 5 pF

The crystal should be connected across XTL1 (pin AA4) and XTL2 (pin AA5). Both sides of the crystal should have solder pads
to allow grounding of the case and attachment of the crystal to the PCB in a secure manner. A ground area should be pres
under the crystal for multi-layer board designs. There should not be any via close to or underneath the crystal case, so as
prevent shorts between the case and other signal traces or VCC.

If a 14.31818 MHz oscillator is used instead of a crystal, then the clock output of the oscillator should be connectedtdyXTL1
and XTL2 should be left open. The preferred solution is to connect a 14.31818 MHz reference clock output generated from &
external clock synthesizer to XTLI instead of either a crystal or an oscillator (see figure 2-46 below).

VT8501 VT8501 VT8501
(North Bridge) (North Bridge) (North Bridge)
X X X X X X
T T T T T T
L L L L L L
| o} | o} | o}
1 /> NO /> NO
20 mil CONNECT 15 mil CONNECT
20_(rjni/ P twide @ twide
wiae race 14.318MHz race
trace OSCILLATOR External C_:Iock
I 10pF I 27pF 14.318MHz Synthesizer
— — = Clock Output

Figure 2-46. Connection Examples of the 14.318MHz Crystal Input Pad (XTLI)

Preliminary Revision 0.92December 9, 1998 47 Motherboard Design Guidelines



/% imotagies, inc VT8501 Apollo MVP4 Design Guide

2.3.7.2 Graphics Power Layout Recommendations

For the Graphics Controller portion of the Apollo MVP4 North Bridge, analog power and ground layout recommendations are
given in this section. A brief description of Graphics Power signals is listed in Table 2-10. A schematic example fandnalog
digital power connections is shown in Figure 2-47.

Table 2-10. Power and Ground of Graphics Controller

Signal Name | Pin# |/O Description
VCCR D1 P | Power for RAMDAC Digital Logic (2.5V)
VCCD Y1 P | Power for PLL1 and PLL2 Digital Logic (2.5V)
VCCV1 Y2 P | Power for PLL1 Analog Circuitry (2.5V)
GNDV1 AAl P |Ground for PLL1 Analog Circuitry
VCCV2 AA2 | P |Power for PLL2 Analog Circuitry (2.5V)
GNDV2 AB1 P | Ground for PLL2 Analog Circuitry
VCCS C1l P | Power for DAC Current Source Analog Circuitry (2.5V)
GNDS Bl P | Ground for DAC Current Source Analog Circuitry
GNDRGB Al P | Ground for RGB Analog Output Current Balance Path

Analog and Digital Ground Separation

Analog and digital separations for power and ground are very important for mixed signal devices. For the design presented
Figure 2-47, not only is analog ground separated from digital ground, but also analog ground for the DAC side is separated fro
analog ground for the clock side of the chip. Traces for analog ground should not have any digital connections.

* Ferrite beads are used to isolate analog voltage and analog ground from digital voltage and digital ground respectively.

e All power and ground traces should be at least 50 mil wide and as short as possible before entering the BGA chip.

e Ceramic 0.1 uF and 0.001 uF decoupling capacitors act as local noise filters; hence they should be located as close to 1
respective power and ground pins as possible. Different values of ceramic capacitors are better at filtering differen
frequencies with lower values better at filtering higher frequencies, so using both 0.1 uF and 0.001 uF capacitors i
effective in reducing a wider range of noise frequencies than could be done with any single capacitor value.

e 10uF bulk capacitors are used as a supply of local charge, thus smoothing power flow from the supply to the local circuit.

* Place a 560 pF ceramic capacitor (C1) as close to pin VLF1 of the VT8501 chip as possible. The trace width must be
least 20 mils.

* Place a 560 pF ceramic capacitor (C2) as close to pin VLF2 of the VT8501 chip as possible. The trace width must be :
least 20 mils.

* Place a 0.1 uF ceramic capacitor (C3) as close as possible to the VT8501 chip COMP pin and a 360 ohm precisic
resistor (R3) as close as possible to the VT8501 chip IRSET pin. Each trace width should be wider than 30 mils.

Note: It is important that noise from the digital sections of the PCB should be prevented from coupling into the DAC and RGE
output sections. Otherwise, visual artifacts will be created on the display.
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VCCR

VCCD

VT8501

(North Bridge)

VCCV1

GNDV1

VCCV2

GNDV2

VCCS

GNDS

GNDRGB

5VSF
VLF1
VLF2
COMP

IRSET

Place each 0.1uF capacitor as \(/2%8;
close to VT8501 as possible ’
O

VCCR b
Ferrite Bead
Totwr Joootur 100

VCCD >
Ferrite Bead
Totur TJoootur J1ouF

vCcCv1 >
Ferrite Bead

0.1uF  |0.001uF |10uF GNDV1

Ferrite Bead —

VCCV2 >
Ferrite Bead

0.1uF  |0.001uF |10uF GNDV?2

Ferrite Bead —

VCCS |
Ferrite Bead

0.1uF

0.001uF |10uF GNDS

Ferrite Bead —

» Analog ground to VGA port

VCC

Connected to GNDV1

C1 560pF
=T }P—,

c2 560pF
—_— }P—,

c3 0.1uF
-G8 gy oM,

R3 360 1%
AW

Connected to GNDV2
Connected to VCCS
Connected to GNDS

Place C1, C2, C3 and R3 as

close to VT8501 as possible

Figure 2-47. Analog and Digital Power Connections
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2.3.7.3 Graphic Hardware Interfaces

CRT Interface

Analog R, G, and B (red, green, and blue) traces should be designed to be as short as possible. Careful design, halesver, will
considerable trace lengths with no visible artifacts. GNDRGB is an “analog current balance path” for the RGB lines. The RGE
outputs are current sources and therefore require 75 ohm load resistors from each RGB line to GNDRBG to create the out
voltage (approximately O to 0.7 volts). These resistors should be placed near the VGA port (a 15-pin D-SUB connector). Seri
ferrite beads for the RGB lines should have high frequency characteristics to eliminate relative noise. The 47 ohm seges damp
resistors for HSYNC and VSYNC should be placed near the D-SUB connector (see figure 2-48 below).

vee
A
’—» 4
VT8501 ; No o 9 |
(North Bridge) ! 4.7K ohm Ferrite | Connect et
| Bead | D-SUB
SDA T - MY 12 (15-pin)
scL " N Connector
[ a7onm | 5 | (VGA Port)
HSYNC d_ 3 ”
VSYNC T A T
| 120pF L L L L
‘ T
L+ L L+
Trace Length (L) <6"
Ferrite Bead
L (Note 1)
RED T Y ;
GREEN D YN 5
BLUE V- 228
75 ohm i 10pF —— = °— % 6
| oI 7
GNDRGB — — o o . o 8
5
Analog Current Balance Path for RGB lines E Ferrite 10
Bead

Note 1: These ferrite beads should have high frequency caracteristics. (ex. 26 Ohms at 100MHz)

Figure 2-48. CRT Interface
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In terms of layout, GNDRGB should follow 2 traces that encapsulate the RGB traces all the way to the D-shell connector (VGA

Port), and should not be tied to ground until connected to the Right Angle D-type connector. Refer to Figure 2-49 faailnore det
Routing guidelines are listed below:

* RGB lines should be at least 12 mils wide and no longer than 6 inches.

* The GNDRGB ground trace surrounding the RGB lines and their RLC components should be at least 15mils wide and space
away from outside signals as much as possible possible. GNDRGB should also be tied to VGA connector pins 6, 7, and 8.

* The connection between GNDRGB and digital ground should be a ferrite bead or a narrow channel (a short ground trace abc
30 mils wide). This connection near the D-SUB connector should be placed in a quiet area that has no nearby signals.

VT8501

D-SUB
(North Bridge)

12 mil wide 15~30 mil wide Connector

v
GREEN
RED b RLC
\\ ! components
BLUE
GNDRGB

about 30 mil wide

This should be a quiet area
away from digital connections

Figure 2-49. RGB Output Current Balance Path
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Digital Monitor Interface

PanelLink ™ Technology implementing the VESAransition Minimized Differential Signaling (TMDS) standard can transfer
data, clock, and control signals from the host graphics controller to high resolution, high color flat-panel-display-basesi moni
This interface uses a Silicon Image TMDS transmitter chip (refer to the Silicon Image SIL140 datasheet and application notes ft
more details). A single pixel per clock interface example supporting the industry standard "DFP" interface is showr2isigure
below. A complete schematic of this interface is shown in Appendix B.

VT8501 TMDS
(North Bridge) Transmitter L2<15"
Trace Length (L1) < 8" L2
L1 TXO0+ Vs
PD[23..0] o PD[23..0] TXO- 2,
X1+ 7
22 oh >
SFCLK " > IDCK ™>I- < DFP LCD-Panel-Based
DE/MOD » DE TX2+ ‘ = Digital Monitor
LP » HSYNC TX2- —
FLM » VSYNC
TXC+ o
ENPVEE » PD TXC- 2
Sl11140

Place SI1140 chip as close as
possible to the DFP connector.

Figure 2-50. TFT Panel (Single Pixel/Clock) Interface using TMDS

Note: PanalLink and TMDS are trademarks of Silicon Image, Inc. VESA is a registered trademark of the Video Electronics
Standards Association.
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Direct Drive STN Flat Panel Interfaces - 24 Bit/Pixel, Single Pixel/Clock

VT8501 race Longih (1 < 8" STN Panel
race Len
(North Bridge) g
L
PD[23..0] G PD[23..0]
220hm |
SFCLK » SFCLK
DE/MOD » MOD
LP > LP
FLM > FLM
POWER
ENPVDD p A
ENPVEE ower
ENPBLT » Module

Figure 2-51. Direct Drive STN Panel (Single Pixel/Clock) Interface

Direct Drive TFT Flat Panel Interfaces - 24 Bit/Pixel, Single Pixel/Clock

VT8501 STN Panel
) Trace Length (L) < 8"
(North Bridge)
L
PD[23..0] 7T PD[23..0]
22 0hm |
SFCLK » SFCLK
DE/MOD » MOD
LP » LP
FLM » FLM
POWER
A
ENPVDD
ENPVEE > Power
ENPBLT Module

Figure 2-52. Direct Drive TFT Panel (Single Pixel/Clock) Interface
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TFT Flat Panel Interface - 18 Bit / Pixel, Double Pixel / Clock

A double pixel per clock interface example supporting an 18+18-bit XGA LCD panel with LVDS is shown in Figure 2-53. If the
LVDS transmitters are programmed to use the clock FALLING edge to latch data, S1 should be used to clock the LVDS
transmitters. If the LVDS transmitters are programmed to use the clock RISING edge to latch data, S2 should be uséa to clock t
LVDS transmitters.

VT8501
(North Bridge) TFT XGA Panel
Latch
PD[17..0] Odd 7 p o LVDS Odd R
- " Transmitter - » |vDs |
R1/CK1 (4 pairs I
o P174FCT162374T (NS 561) (4 pairs) | Receiver 3
g | (NS 562) |
S1o0rS2 ~ L777777777\
DE » DTMG(DE)
LP HSYNC Power Down
FLM » VSYNC <« o
|
I LVDS |
. |
. | Receiver !
LVDS Even 5 (NS562) |
Transmitter R2/CK2 (4 pairs) L]
NS 561)
Even (
< POWER
A
ENPVDD
ENPVEE Power
ENPBLT 5| Module

Figure 2-53. TFT Panel (Double Pixel / Clock) Interface
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TV In / Video Capture Interface

The function of the video capture interface is to receive digital video pixel data streams from other video sources, Buch as a
decoder, and store them in the frame buffer. The stored video image can be either displayed together with a graphic image
fetched by the CPU to perform further processing such as video editing or hard disk storage. An example of a video captu
interface is shown in Figure 2-54. A video capture application circuit for implementing a TV decoder on board is shown in
Appendix C.

VT8501 TV ™V
(North Bridge) Decoder
Trace Length (L) < 8" Video VCR
L Stream
CAPDI[15..0] 2 CAPD[15..0] In
DVD
22 ohm
CAPCLK CAPCLK

CAPHS CAPHS P

CAPVS ‘ CAPVS Diiglisl
77777777777 Camera

Figure 2-54. TV In/ Video Capture Interface

TV Out Interface

By using a TV digital encoder, PC images can be displayed on a TV set. A TV-Out interface example is shown in Figure 2-55. /
TV-Out application circuit for implementing a TV encoder on board is shown in Appendix D.

VT8501 TV
(North Bridge) Encoder
Trace Length (L) < 8"
L Video
TVD[7..0] ZE— TVD[7..0] Stream
Out TV
22 ohm set
TVCLK [— TVCLK
TVHS — TVHS
TVVS TVVS

Figure 2-55. Digital TV-out Interface

Preliminary Revision 0.92December 9, 1998 55 Motherboard Design Guidelines



/% imotagies, inc VT8501 Apollo MVP4 Design Guide

2.3.8 South Bridge Interface Layout and Routing Guidelines

2.3.8.1 USB controller

The Universal Serial Bus (USB) provides a bi-directional, isochronous, hot-attachable Plug and Play serial interface for addin
external peripheral devices such as game controllers, communication devices, and input devices on a single bus. Boie$ descript
of the USB signals of the VT82C686A are listed in Table 2-11. The VT82C686A provides four USB ports. Only port 1 and port 2
have over-current detect pins (OC1# and OC2#), however, the over current status of port 0 and port 3 can still be sensed
implementing 4 USB ports. The VT82C686A will scan SD[3:0] during the ISA refresh period as OCJ[3:0]# of the USB ports. If
this over-current scan logic is implemented, pins OC1# and OC2# may be left open or used for alternative functions. @ schemat
drawing for four over-current scans is illustrated in figure 2-56 below.

Table 2-11 Universal Serial Bus (USB) Signals

Signal Name 1/0 Description
USBPO+ IO | USB Port 0 Data +
USBPO- IO | USB Port 0 Data -
USBP1+ IO | USB Port 1 Data +
USBP1- IO | USB Port 1 Data -
OC1# I USB Port 1 Over Current Detect. Port 1 is disabled if this input is low.
USBP2+ IO | USB Port 2 Data +
USBP2- IO | USB Port 2 Data -
OC2# I USB Port 2 Over Current Detect. Port 2 is disabled if this input is low.
USBP3+ IO | USB Port 3 Data +
USBP3- IO | USB Port 3 Data -
USBCLK I USB clock. Connected to a 48MHz clock output of the system clock synthesizey.
u1
oco# 2 1A1 1Y1 2 S0 ) SD[7..0]
oC1# 1A2 1Y2
ocC2# °1A3 1Y3 2 §B§ (To VT82C686A)
oC3# 1 1A4 1Y4 (—
[ 2A1 2Y1 ——X
(From USB Ports) 13 7
5] 2A2 2Y2 X
- 2A3 2Y3 ———x
- 2A4 2Y4 ——x vce
RFSH# ( ' 116 26 -2 Zr

(From VT82C686A)

74F244

Figure 2-56. USB Over-Current Scan Logic
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The layout guidelines for USB are listed below.

¢ Each pair of USB data signals is required to be parallel to each other with the same trace length.
* Each pair of USB data signals is required to be parallel to a respective ground plane.

A routing example of two pairs of USB data buses is shown in figure 2-57 below.

VT82C686A
(South Bridge)

USBPO+
USBPO-

USBP1+

Recommended
o

USBO0
Connector

USBP1-

UsSB1
Connector

Figure 2-57. USB Differential Signal Routing Example
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2.3.8.2 AC'97 Link and Game/MIDI Ports

Table 2-12 shows a brief description of the signals of AC'97 Link Controller and Game Ports. All those signals are nauiti-funct

pins with the second IDE channel bus. To enable both functions, the power up strapping of SPKR (pin V5 of the VT82C686A
must be pulled up to VCC3 with a 4.7K~10K ohm resistor.

VT8501 Apollo MVP4 Design Guide

Table 2-12. Signal Description of AC'97 Link and Game/MIDI Ports

JAB2 (SDD10)
JAB1 (SDD11)
JBB2 (SDD12)
JBB1 (SDD13)
MSO (SDD14)
MSI (SDD15)

Game Port Joystick A Button 2
Game Port Joystick A Button 1
Game Port Joystick B Button 2
Game Port Joystick B Button 1
MIDI Serial Out

MIDI Serial In

Signal Name I/0 Description

BITCLK (SDDO0) | |AC'97 Bit Clock
SDIN (SDD1) | |AC'97 Serial Data In
Reserved (SDD2) | | AC'97 Serial Data In 2 (reserved)
SYNC (SDD3) O | AC'97 Sync
SDOUT (SDD4) O | AC'97 Serial Data Out
ACRST (SDD5) O | AC'97 Reset
JBY (SDD6) | | Game Port Joystick B Y-axis
JBX (SDD7) | | Game Port Joystick B X-axis
JAY (SDD8) | |Game Port Joystick A Y-axis
JAX (SDD9) | |Game Port Joystick A X-axis

I

I

I

I

O

I

AC'97 Link

An AC'97 Controller is integrated in the VT82C686A and currently supports only one Codec. One Primary Codec (ID 00) is

completely compatible with existing AC'97 definitions and extensions. The Codec ID functions as a chip set select. For mor
details, refer to the AC'97 Component Specification Revision 2.1.

AC-link is a digital serial link between the AC'97 Controller and AC'97 devices. AC-link signals are multi-function pitieewith
Second IDE channel bus (SDD[0..5]). A linking example between the AC'97 Controller and one AC'97 Codec is shown in figure
2-58. A complete schematic for implementing the VIA VT1611 AC'97 Audio Codec is shown in Appendix E.

VT82C686A vecs VT1 611
(South Bridge) (Audio Codec)
10K
22 ohm ohm
BITCLK BITCLK
SDIN SDATA_IN
%MK
ohm
22 ohm =
ACRST# RESET#
SDOUT SDATA_OUT
imK %mK
ohm ohm
AC'97 CONTROLLER L L AC'97 Codec

Figure 2-58. AC'97 Link Example
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Game/MIDI ports

The VT82C686A supports two direct game ports (Joystick A and Joystick B) and one MIDI port interface. An application circuit
of MIDI/Game port is shown in Figure 2-59.

Vi MIDI/Game Port
VCC
PN 1 D-SUB
VT82C686A } Ferrite Bead 8 (15-pin, 2-row)
(South Bridge) | o | *4 Connector
MSI -, MIDI Serial
MSO -~ Input/Output
7 S SN 2 -
JAX ;' 51 | Game Port
"y VW ~— | Joystick A
JAB2 -
\> RD
2K ohm
JBB1 , ]? -
JBX = | Game Port
JBY ) i Joystick B
JBB2
4
tee L L 1Ty 1T Ter 5
MIDI/Game Port Controller { 1000pF T~ T T T T L T]L L 002uF
Y'Y\ .
Ferrite Bead =

Figure 2-59. MIDI/Game Port Application Circuit
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2.3.8.3 Hardware Monitoring

The hardware monitoring interface includes five positive voltage sensing inputs (four external and one internal), thréeré¢empera
sensing inputs (two external and one internal), two fan-speed monitoring inputs and one chassis intrusion detection inpu
Programmable control, status, monitor and alarm are supported by the VT82C686A for flexible desktop management. Th
following sections provide detailed descriptions for each hardware monitor subsystem. An application circuit for hardware
monitoring is shown in Figure 2.60. In order to achieve a stable VCC3 input to the Hardware Monitoring Subsystem, a 0.1uf
decoupling capacitor should be placed as close to the Hardware Monitoring power and ground pins as possible.

VCC2 VCCI +5V +12V VCC3 VCC3
VT82C686A g 16K g 53K g 10K L
ohm ohm ohm
(South Bridge) p il
10K 10K 47K < 47K
VSENS ohm ohm ohm 2 ohm
VSENS
VSENS
VSENS 12v
+
CHASSIS o a
Mechanical Switch FAN
FAN1
FAN ?g
FAN2 @ -
VCC3 =
VCCHWM AN ?
l l Ferrite Bead
GNDHWM Jo1uF T10uF GNDHWM  ~~A
%7 Ferrite Bead =
TSEN1 YN 1
10K ohm Ferrite Bead =
VREF 10K ohm 1% Thermister
10K ohm 1%
TSEN2 W YN 1
10K ohm Ferrite Bead =
Thermister

Figure 2-60. Hardware Monitoring Application Circuit
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Voltage Monitoring

Typically VCC2 (core voltage of the CPU), VCCI (2.5V, core voltage of the VT8501), VCC3 (3.3V), 5V, and +12V are the five
monitored voltage inputs. VCC2 and VCCI can be directly connected to the inputs. The +5V and 12V inputs should be attenuate
with external resistors to any desired value within the input range. VCC3 is internally connected to the hardware monitorin
system voltage detection circuitry for 3.3V monitoring. An alarm will issue when any monitored voltage level is out of range.
Layout and grounding guidelines are listed below:

* These voltage inputs will provide better accuracy when referred to their respective ground (AGND) which is separatec
from digital common ground (GND). Please refer to the application circuit above.

* Voltage dividers should be located physically as close to the voltage input pins as possible.

Temperature Sensing

One internal thermal sensor is located inside the VT82C686A chip. Two external thermisters for two temperature sensing inpu
are used to directly contact the device whose temperature will be monitored. Layout and grounding guidelines are listed below:

* The thermister should be placed very near a measured object. For example, a thermister can be placed right undel
Socket-7 CPU.

* The other end of a thermister should be connected to ground through a ferrite bead.

Fan-Speed Monitoring

Fan speed inputs are provided for signals from fans equipped with tachometer outputs. One fan-speed-monitoring pin can be us
to measure the CPU fan speed. The other can be an auxiliary one. A programmable fan-speed control can be implemented in
following three steps.

* Speed Monitoring: The fan speed value is measured by a fan-speed monitoring pin

* Temperature Sensing: The temperature value is measured by a temperature sensing pin

* Speed Controlling: The fan speed is controlled by a dedicated General Purpose Output (GPO) pin

Chassis Intrusion Detection

The detection is an active high interrupt from any chassis intrusion violation. It could be accomplished mechanically,aptical
electrically. Circuitry external to the chassis intrusion detect pin is expected to latch the event.
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2.3.8.4 Integrated Super 10 Controller

In the VT82C686A, an integrated Super IO Controller supports two UARTSs for complete serial ports, one dedicated IR port, one

multi-mode parallel port, and one floppy drive controller function. Refer to the Apollo MVP4 Reference Design Schematics in
Appendix A for more details on application circuits.
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2.3.8.5 System Management Bus Interface

The 12C bus signal pair of the VT8501 is dedicated to the 12C bus of the CRT interface.
VT82C686A will handle the remaining 12C buses to other on-board devices such as the Clock Synthesizer and the three DIMI
slots. A block diagram of System Management Bus Interfaces is shown in Figure 2-61. It is recommended to place both pull-uj

at the end of the 12C bus.

* Adding 68pF capacitors in Figure 2-61 (b) for the pair at the end device is essential since the 12C bus travels a long wa

and might pick up noise along the route.

VT8501
(North Bridge)

VCC3

T

47K < 47K
ohm ohm

SCL

SDA

VGA
(D-SUB)

(2) North Bridge SMBus Interface

The 12C bus signal pair of the

VCC3
VT82C686A
(South Bridge) ihzr: ghzr:
SMBCLK
SMBDATA

Clock
Synthesizer

SDRAM
DIMMs

TV
Decoder

The end
Device

(b) South Bridge SMBus Interface

Figure 2-61. Two Separate System Management Bus Interfaces

Ies pFIG8 pF
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2.3.8.6 IDE

Both Primary and secondary IDE channels of the VT82C686A have their own control signals. The Primary IDE channel has |
dedicated data bus. However, the secondary IDE data bus is multiplexed with an Audio/Game port or it can share ISA address t

SA[15:0] as SDD[15:0]. The two options are listed below for selecting the secondary IDE data bus.

* Option 1: The secondary IDE data bus uses its own bus SDD[15:0] sharing with an Audio/Game port when the SPKR pit
is strapped low. No Audio/Game port is supported in this case since these functions are shared with the SDD[15..0] pins

e Option 2: The secondary IDE data bus shares ISA address bus SA[15:0] as SDD[15:0] througt2t\BarasBceivers
when the SPKR pin is strapped high. The sharing circuitry is shown in Figure 2-62. Audio/Game port functions are

enabled on the SDD[15:0] pins.

SDD[15..0] ¢

(From VT82C686A
& to Secondary IDE)

-SOE ¢
(From VT82C686A)

-MASTER

) SA[15..0]

(From VT82C686A)

Note: These 74F245 Transceivers are optional if ISA bus load is not a concern.

U1
SDDO 2 18 SAQ
SDD1 3 ﬁ; g; 7 SAT
SDD2 4 A3 B3 16 SA2
SDD3 5 | A3 B3 s SA3
SDD4 6 A5 B5 14 SA4
SDD5 e b [ SAB
SDD6 8 A7 B7 12 SA6
SDD7 5 | e by 1 SA7
| OE#
DIR
74F245
u2
SDD8 2 18 SA8
SDD9 3 2; g; 7 SA9
SDD10 i |he he [16 SA10
SDD11 5 | s 53 s SA11
SDD12 5 |t oe [ SA12
SDD13 | SANE SA13
SDD14 5 | A0 ARE SA14
SDD15 IV AR SA15
2| OE#
DIR
74F245

Figure 2-62. ISA Bus SA[15:0] / SDD[15:0] Sharing Circuitry

(To ISA slots)
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Dual channel master mode PCI supports four Enhanced IDE devices. The transfer rate for each device can support up 33 MB/
to cover PIO mode 4, multi-word DMA mode 2 drives, and UltraDMA-33 interface. Transmission line effects and signal crosstalk
emerge in the IDE related signals. To eliminate ringing and reflection caused by the transmission line effect, tracd length ar
impedance match must be taken into account. An example IDE layout is shown in Figure 2-63. Recommended layout rules f
both primary and second IDE ports are listed below:

* The trace attribute of all primary IDE signals is in a minimum of 6 mils wide and 9 mils between two adjacent traces. The
recommended trace length is less than 6 inches.

e All ATA signals in Figure 2-63 require series termination resistors. The series resistph@Rld be placed within 1
inch of the VT82C686A chip. The series resistorg) hould be placed within 1 inch of the primary IDE connector.

* Signal DD7 needs a 10K pull-down on the VT82C686A chip side of series termination

¢ Signal DREQ needs a 5.6K pull-down on the connector side of the series termination

* Signal IRQ14 (or IRQ15) needs a 10K pull-down or pull-up (preferred) on the connector side of the series termination
¢ Signal IORDY# needs a 1K pull-up on the connector side of the series termination

* Pin 28 of the IDE connectors should be tied to ground with a 470 ohm serial resistor.

* It is recommended to layout the following signals to each IDE connector in equal length. They are signals DD[15..0],
IOR#, IOWH#, and IORDY#.

VT82C686A Primary
(South Bridge) R ., IDE
,,,,,,, A Trace fength (L1) < 6 Connector
F04 33 ohm L1
RSTDRV —{>o z | IDERST#
PDIOW# £ 1owi#
PDIOR# y 25 | |OR#
PDDACK# < 2 | DACK#
PDCS1# < 33| CS1#
PDCS3# o 38 | cs3
PDA[2..0] . DA[2..0]
DDI[15..0] < DD[15..0]
10K ohm
1 (note 1)
Trace length (L2) < 6" Rg vee
L2 82 ohm 10K ohm
IRQ14 E — 3L IRQ14
VCC
%m ohm
PIORDY# , — 27 | |ORDY#
PDDREQ 7 —— #I- DREQ
5.6K ohm
470 ohm 28
- SPSYNC:CSEL

Note 1: 10K ohm resistor pull-down for DD7 only

Figure 2-63. IDE Interfaces Layout Guidelines
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Ultra DMA/66 Interface Layout Guidelines

VT82C686A supports Ultra DMA/66 IDE interfaces on both Primary IDE channel (IDE1) and Secondary IDE channel (IDE2). A
Micro-ATX component placement example for implementing the Ultra DMA/66 interface (option 2) is shown in Figure 2-64. The
detailed placement for the VT82C686A chip and two IDE connectors is illustrated in the lower left corner of the figurejoThe ma
difference from the former placement is the shorter distance between VT82C686A and primary IDE and Secondary IDE
connectors. The shorter length for both IDE data buses is required because this bus is running at a high speed (66iHz). In or
to fulfill this requirement, the VT82C686A chip can be lowered and both IDE connectors can be shifted to the left. Recommende

layout guidelines are listed below.
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Figure 2-64. Ultra DMA/66 Placement and Routing Example
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The application circuit of the ultra DMA/66 IDE interface is shown in Figure 2-65. The 80-conductor cable, required by the ultr
DMA/66 IDE interface, is the major difference from the 40-conductor cable of the current IDE interface. For the deteation of th
80-conductor cable, pin 34 (CBLID) of IDE connector may be used to provide a signal state from an ultra DMA/66 device to a
GPI pin of the South Bridge Controller. The detection can be done in an alternative hardware solution too.

Layout rules for the IDE interface in the former section can be adapted for ultra DMA/66 use unless some of them arenmodified i

the following layout guidelines.

VT82C686A
(South Bridge)

RSTDRV
PDIOW#
PDIOR#
PDDACK#
PDCS1#
PDCS3#
PDA[2..0]
DD[15..0]

IRQ14

PIORDY#

GPI

PDDREQ

The trace attribute of all primary IDE signals is in a minimum of 6 mils wide and 9 mils between two adjacent traces.

All signals for primary IDE and Secondary IDE require 33 ohm series termination resistors.
terminations as close (less than 1 inch) to the VT82C686A as possible.

Data and strobe lines should be routed as a bus. The trace length of these signals should be shorter than 4.5 inches. |
maximum trace length difference among them must be less than 1 inch. Other lines should be as short as possible.

Notes

1. 10K ohm resistor pull-down for DD7 only.
2. Pin 34 of primary IDE connector is connected to one of GPI pins from VT82C686A.

Figure 2-65. Ultra DMA/66 Application Circuit

,,,,, Ra Trace length (L1) < 3.5"
F04 33 ohm "’"L’% ””” 1
> 23
25
29
33
38
10K ohm
(note 1)
vee
Trace length (L2) < 3.5" Rg
L2 33 ohm 10K ohm
7 31
vee
1K ohm
7 27
vCe
10K ohm
7D 34
(note 2)
7 21
5.6K ohm
470 ohm

28

Primary
IDE
Connector

IDERST#
IOW#
IOR#
DACK#
CS1#
CS3#
DA[2..0]
DD[15..0]

IRQ14

IORDY#

PDIAG#

DREQ

SPSYNC:CSEL
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TIMING ANALYSIS AND SIMULATION

The 100 MHz timing analysis here will provide the concept of the trace length limitation for some high speed buses and contrc
signals such as the CPU address bus (A[31..3]) and Tag RAM write enable signal (TAGWE#).

3.1 Timing Analysis

Cache control timing diagrams and memory read/write timing diagrams are discussed in this section. A brief analysieris given f
each diagram. 100 MHz system frequency is assumed where one clock (1T) represents 10 ns. Reasons for the limited length:
some signals (referring to Section 2.3) are described in the timing analyses.
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3.1.1 Cache Control Timing

The timing diagrams for an L2 burst read cycle of 3-1-1-1 and an L2 burst write cycle of 3-1-1-1 with one PBSRAM chip (one
bank) are shown in Figures 3-1 and 3-2. A timing diagram for an L2 burst read cycle of 3-1-1-1 2-1-1-1 with two PBSRAM chips
(two banks) is shown in Figures 3-3. Figure 3-4 represents the timing diagram of CPU Read Miss and Dirty L2 Cache Write Back

The timing analyses for three different cache hit cycles (see Figures 3-1, 3-2 and 3-3) are listed below:

¢ At T2, cache hit (Read hit or Write hit) is decided by the VT8501 North Bridge Controller. At the time ADS# is asserted,
only 2 clocks (20 ns) are allowed for the VT8501 to decide a cache hit or not. During this period, the CPU asserts the
address bus A[63..0] and then the VT8501 will assert the Tag RAM address bus TA[7..0]. Obviously, the timing margin
is tight. In order to increase the timing margin of the cycle, one of the best solutions is to minimize the propagation delay
of the TA[7..] signals on the PCB. It is recommended to place the Tag RAM chip near CPU. In other words, the length
of TA[7..] should be as short as possible.

e At T3, only 1T (10 ns) is allowed for reading out or writing in the first pipelined burst data. The length of the CPU data
bus should be limited to increase the timing margin of the cycle. If it is too long, the signal quality of the CPU data bus
will be reduced. The clock skew between the CPU clock and the PBSRAM clock will affect the setup time and hold time
for PBSRAM data to the CPU data bus. Therefore, clock alignment between the CPU clock and the PBSRAM clock
should be maintained.

e Till T6, the L2 burst read and write cycle of 3-1-1-1 for the one-bank case is complete (see figures 3-1 and 3-2). For th
two-bank case, the L2 burst read cycle of 3-1-1-1 2-1-1-1 is complete at T11 (see figure 3-3).

TIT2T3  T6

CCLK NN

ADSE T
W/R#
NA# L
HA
BE#
BRDY# \ j
HD
CACHE# \ am
KEN#
CADS#
CADV# \ j
COE# \ j
TAGWE#
TAO:0] MO e e v

T.T

—
—~
—~
—~
—

Figure 3-1. Read Hit Cycle of 3-1-1-1 (1 Bank)
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TIT2T3 T6
ADS# Y
W/R#
NA# i/
HA
BE#
BRDY# \ /
HD
CACHE# \ ——
KEN#
CADS#
CADV# \ [
COE#
BWE#
GWE# \ /
TAGWE# i/
TA[9:0]  IIIIMNITITH

T..T

A
S
S
—
—

Figure 3-2. Write Hit Cycle of 3-1-1-1 (1 Bank)

TIT2  T6 T8 Til
ADSH# W
W/R#
NA# L L
HA
BE#
BRDY# \ M\ j

HD H

CACHE# L j
KEN#
CADS# L/
CADV# \ j
CEI# 1\ M\ j

COE# \ s
TA LHTTITTIX I

A
—_—

e
o
o
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Figure 3-3. Read Hit Cycle of 3-1-1-1 2-1-1-1 (2 Banks)
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The timing analyses for an L2 burst read miss cycle followed by a dirty L2 cache write back (see Figures 3-4) are listed below:

At T2, an L2 burst read miss is decided by the VT8501 north bridge. The data in the L2 cache is read out to the CPU t
Memory FIFO buffers in the VT8501. At the time ADS# is asserted, only 2 clocks (20 ns) are allowed for the VT8501 to
decide an L2 read miss or not. During this period, the CPU asserts address bus A[63..0] signals and then the VT8501 w
assert the Tag RAM address bus TA[7..0]. Obviously, the timing margin is tight. In order to increase the timing margin
of the cycle, one of the best solutions is to minimize the propagation delay of TA[7..] signals on the PCB. It is
recommended to place the Tag RAM chip near the CPU. In other words, the length of TA[7..] should be as short a
possible.

At T3, only 1T (10 ns) is allowed for the PBSRAM to output the first pipelined burst data. The length of the CPU data
bus should be limited to increase the timing margin of the cycle. If it is too long, the signal quality of the CPU data bus
will be reduced. The clock skew between the CPU clock and the PBSRAM clock will affect the setup time and hold time
for PBSRAM data to the CPU data bus. Therefore, clock alignment between the CPU clock and the PBSRAM clock
should be maintained.

After T6, DRAM memory data is sent back to the CPU and the cache controller also copies it into the cache memory an
updates directory information in the Tag RAM. After T20, the data stored in the VT8501 CPU-to-memory FIFO is sent
to the DRAMSs. According to the cycles above, the timing is critical. In order to increase the timing margin of the cycle,
one of the best solutions is to minimize the propagation delay of the MD[63..0], TAGWE# and L2 control signals on the
PCB. Therefore, the length of the MD[63..0], TAGWE# and L2 control signals should be limited because there is only
one clock between assertion of the cache control signals and data output.

TIT2T3  T6 T20
CCLK nnhnhnnnununnnininunnnniuunnnnjuuninnnidua
ADS# T
W/R#
NA#
BRDY#

EL

BE -+

HD
ADV# \ [
ADSC#
CS# \ /
GWE#
BWE#
COE# \ /
TAGWE#

[
T
C.0
T
m

ek

L. L
'j
r‘
‘\l
r‘

L.

RAS# \ / \

CAS# U W B W W [ W W |
WE# \ -
MD o } C

Figure 3-4. Read Miss and L2 Cache Write Back
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3.1.2 SDRAM Timing

Timing diagrams for CPU Read from SDRAM and CPU Write to SDRAM are illustrated in Figures 3-5 and 3-6. Timing analyses
for SDRAM read and write cycles are listed below:

* The clock skew between the CPU clock and the SDRAM clocks will affect the setup time and hold time of SDRAM
command signals and the MD[63..0] because the CPU reads or writes the data out of or into the SDRAM. Therefore
clock alignment between the CPU clock and the SDRAM clocks should be maintained.

* According to the cycles above, the timing is critical. In order to increase the timing margin of the cycle, one of the best
solutions is to minimize the propagation delay of the MD[63..0] and SDRAM control signals on the PCB. Therefore, the
length of MD[63..0] and SDRAM control signals should be limited because there is only one clock between assertion of
the SDRAM control signals and data input or output.
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ELECTRICAL SPECIFICATIONS

This section describes the electrical specifications of the VT8501.

4.1 Absolute Maximum Ratings

Absolute maximum ratings are those values beyond which damage to the device may occur. Functional operation is not implie
under the ratings listed in Table 4-1.

Table 4-1. Absolute Maximum Ratings

Symbol Parameter Min Max Unit Notes
Ta Ambient Operating Temperaturg 0 70 °C 1
Ts Storage Temperature -55 125 °C 1
VN Input Voltage -0.5 Yar +10% Volts 1,2
Vout Output Voltage -0.5 ¥aL + 10% Volts 1,2
Notes:

1. Stress above the conditions listed may cause permanent damage to the device. Functional operation of this device should
restricted to the conditions described under operating conditions.

2. Vkai is defined as the VCC level of the respective rail. The CPU interface can be 3.3V or 2.5V. The Memory and Flat pane
interfaces must be 3.3V only. The PCI and Video interfaces can be 3.3V or 5.0V.

4.2 Recommended Operating Ranges

Functional operation of the VT8501 is guaranteed if the values of voltage and temperature are within the limits defireed-in Tabl
2.

Table 4-2. Recommended Operating Ranges

Symbol Parameter Min Max Notes
Ta Ambient Operating Temperature °0 70°C
Veer s 2.5V Power (to Core Logic) 2.375V 2.625V
Vees 3.3V Power to (10 Buffer) 3.135V 3.465V
Ve +5V Power 4.7V 5.25V
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4.3 DC Characteristics

DC characteristics of the VT8501 are shown in Table 4-3.

Table 4-3. DC Characteristics

Symbol Parameter Min Max Unit Condition
Vi Input Low Voltage -0.5 +0.8 V
Vi Input High Voltage +2.0 ¥c+0.5 \ Note 1
VoL |Output Low Voltage - 0.55 \% d=4.0mA
Von |Output High Voltage 2.4 - \% du=1.0 mA
n Input Leakage Current - +/-10 uA 0 W< Ve
loz Tristate Leakage Current - +/-20 uA 0.55 s < Vcc
lcc2 5 |Power Supply Current - 800 mA Note 2
lccz  |Power Supply Current - 300 mA Note 3

Notes:

1. V¢ refers to the voltage being applied to VCC during functional operation.

2. Vecz 5= 2.5V - The maximum power supply current must be taken into account when designing a power supply.
3. Veez = 3.3 V - The maximum power supply current must be taken into account when designing a power supply.

4.4 Power Dissipation

Table 4-4 contains the maximum power dissipation of the VT8501 during different system frequencies.

Table 4-4. Maximum Power Dissipation

Supply Voltage 66MHz 100MHz Conditions
2.5V 1.75W (Mec2 5= 700 mA) | 2W (\Veco 5 = 800 mA) Preliminary Estimation
3.3V 0.825W (\éc3= 250 mA) | 0.99W (Vc3= 300 mA) Preliminary Estimation
Total power consumption 2.575W 2.99W Preliminary Estimation
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SIGNAL CONNECTIVITY AND DESIGN CHECKLIST

5.1 Overview

The single Socket-7 processor, Apollo MVP4 North Bridge, and "Super South" South Bridge are the three major components in
VIA Apollo MVP4 based PC system. A signal connectivity table and a design checklist are given for both North Bridge and Soutt
Bridge in the following sections. Pin connections may vary in different circuit designs. Some pins have been repeatseily descr
for different functions in different sub-tables.

A signal connectivity table provides board designers a quick reference of signal connections. And it can be used to revie
schematics of an Apollo MVP4 system. The design checklist can provide a quick way to review the PCB layout of an Apollo
MVP4 system.
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5.2 Apollo MVP4 North Bridge Controller

The connectivity for each signal of the VT8501 South Bridge is listed in Table 5-1.

Table 5-1. VT8501 North Bridge Connectivity

CPU INTERFACE

Signal Name I/0 Connection
ADS# IO |Connect to CPU. 4.7K ohm pull-up to VCC3.
M/1O# IO |Same as the above.
W/R# IO |Same as the above.
D/C# IO |Same as the above.
BRDY# IO |Same as the above.
KEN#/INV O |Same as the above.
NA# O |Same as the above.
BOFF# O | Same as the above.
CACHE# | |Same as the above.
HLOCK# | |Same as the above.
SMIACT# | |Same as the above.
EADS# O | Connectto CPU.
HITM# I |Connectto CPU.
AHOLD O |Connect to CPU.
BE[7:0]# I0 |Connect between CPU, VT8501 and PBSRAM. 4.7K ohm pull-up to VCC3.
HA[31:3] IO |Connected to CPU through a 22 ohm series resistor. And connect to PBSRAM directly.
HD[63:0] I0 |Connected to CPU through a 22 ohm series resistor. And connect to PBSRAM directly.

CACHE CONTROL

Signal Name I/O Connection
CADS# O | Connect to PBSRAM.
CADV# O |Same as the above.
COE# O | Same as the above.
CCs# O | Same as the above.
GWE# O | Same as the above.
BWE# O | Same as the above.
TA[7:0] IO |Connect to TAG SRAM.
TWE# O |Same as the above.

Preliminary Revision 0.92December 9, 1998 76 Signal Connectivity and Design Checklist



VT8501 Apollo MVP4 Design Guide

DRAM INTERFACE

Signal Name I/O Connection
MDI[63:0] IO |Connect to DRAM.
MECC][7:0] IO |Same as the above.
MA[13:0] O |Connected to DRAM through a 22 ohm series resistor.
RAS[5:0]#/CS[5:0]# O | Same as the above. RAS4# and RAS5# have the DRAM clock enable (CKE) functions.
CAS[7:0]/DQM[7:0]# O | Same as the above.
SRASA# O | Same as the above.
SRASB# O | Same as the above.
SRASC# O | Same as the above. This pin can implement the DRAM clock enable (CKE) function.
SCASA# O | Same as the above.
SCASB# O | Same as the above.
SCASC# O | Same as the above. This pin can implement the DRAM clock enable (CKE) function.
SWEA#/MWEA# O | Same as the above.
SWEB#/MWEB# O | Same as the above.
SWECH#/MWEC# O | Same as the above.

PCI BUS INTERFACE

Signal Name I/0 Connection
CBE[3:0]# IO | Connect toVT82C686A and PCI slots.
AD[31:0] IO |Connect to VT82C686A and PCI slots.
FRAME# IO |Connect between VT8501, PCI slots, and VT82C686A. 10K ohm pull-up to VCC.
IRDY# IO [Same as the above.
TRDY# IO |Same as the above.
STOP# IO | Same as the above.
DEVSEL# IO | Same as the above.
SERR# | | Same as the above.
LOCK# I0 |Connect between VT8501 and PCI slots. 10K ohm pull-up to VCC.
PAR I0 |Connect to VT82C686A and PCI slots.
PREQ# | | Connectto VT82C686A. 10K ohm pull-up to VCC3.
PGNT# O | Connect to VT82C686A. 10K ohm pull-up to VCC3.
REQ[3:0]# I | Connect to corresponding PCI slots. 2.2K ohm pull-up to VCC.
GNT[3:0]# O |Connect to corresponding PCI slots. 2.2K ohm pull-up to VCC3.
REQX# I |Connect to 1394 devices. Otherwise, 4.7K ohm pull-up to VCC3.
GNTX# O |Connect to 1394 devices. Otherwise, ho connect.
INTA# O |Connect to one of the PIRQ[D:AJ# pin of VT82C686A.
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CRT INTERFACE

Signal Name I/O Connection

RED A |Connected to VGA port through a series ferrite bead and a 10pF capacitor to VGA analog ground
(GNDRGB).
GRN A |Same as the above.
BLUE A |Same as the above.
HSYNC O |Connected to VGA port through a series 47 ohm resistor and a 120pF capacitor to ground.
VSYNC O |Same as the above.
COMP A |Connected to VCCS through a series 0.1uF capacitor.
IRSET A |Connect to GNDS through a series 360 ohm (precision 1%) resistor.
SDA I0 |Connect to VGA port only. 4.7K ohm pull-up to VCC.
SCL IO |Same as the above.
PANEL INTERFACE

Signal Name I/O Connection
PD[23:0] O | Connect to TMDS or LVDS transmitters of LCD panel circuitry.
SHFCLK O |Connected to TMDS or LVDS transmitters of LCD panel circuitry through a 22 ohm serie$

resistor.
DE O |Same as the above.
LP O |Same as the above.
FLM O |Same as the above.
ENPVDD O |Connect to LCD panel circuitry.
ENPVEE O | Same as the above.
ENPBLT O |Same as the above.
IMIO O |Connect to Clock Modulator for effective EMI reduction.
IMIIN I  Connect to Clock Modulator for effective EMI reduction and 4.7K ohm pull-up to VCC3.
VIDEO INTERFACE

Signal Name I/O Connection
VIDD[15:0] IO |Connect to VMI connector or TV decoder.
VIDHS IO |Same as the above
VIDVS IO |Same as the above.
VIDCLK IO Connected to VMI connector or TV decoder through a 22 ohm series resistor.

TV INTERFACE

Signal Name I/O Connection
TVD[7:0] O |Connectto TV encoder.
TVHS O |Same as the above.
TVVS O |Same as the above.
TVCLK O |Connected to TV encoder through a 22 ohm series resistor.
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CLOCK AND RESET CONTROL

Signal Name I/O Connection

HCLK | |Connect to the CPU clock output of the system clock synthesizer.

MCLKI I  Connect to the SDRAM clock output of the system clock synthesizer.

MCLKO O |Connect to the SDRAM clock input of the system clock synthesizer.

PCLK I |Connect to the PCI clock output of the system clock synthesizer.

PCKRUN# I0 | Connected to VT82C686A and the system clock synthesizer if the function is applied. Otherwise,
connect to VT82C686A then through a 100 ohm serial resistor to ground.

XTLI |  [Connectto a 14.318MHz crystal or Connect to a 14.318MHz output of the system clock
synthesizer.

XTLO O |Same as the above.

RESET# | | Connected to VT82C686A through a 74F240 inverter.

PWROK | |Connectto VT82C686A and Power Good circulitry.

SUST# I | Connect to VT82C686A.

SUSP I | 4.7K ohm pull-up to VCC3 if SUSPEND function is not applied. If applied, one example is to
connect it to a GPO pin.

MISCELLANEOUS
Signal Name I/O Connection

ENTEST# | | 4.7K ohm pull-up to VCC3 if test mode function is not applied.

VLF1 Connected to ground through a 560pF series capacitor.

VLF2 Same as the above.
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5.3 "Super South" South Bridge Controller

The connectivity for each signal of VT82C686A South Bridge is listed in Table 5-2. Motherboard designers can use thés table as
quick reference to review their schematics. Some pins have been repeatedly described for different functions in different sul

tables, please be careful in using the following table.

Table 5-2. VT82C686A South Bridge Connectivity

PCI BUS INTERFACE
Signal Name I/O Connection
PCLK | |Connect to the PCI clock output of an external Clock Synthesizer.
AD[31:0] IO |Connect to VT8501 and PCI slots.
C/BE[3..0]# I0 | Connect to VT8501 and PCI slots.
FRAME# IO |Connect between VT8501, PCI slots, and VT82C686A. 10K ohm pull-up to VCC.
IRDY# IO |Same as the above.
TRDY# I0 |Same as the above.
STOP# IO | Same as the above.
DEVSEL# IO | Same as the above.
SERR# | | Same as the above.
PAR I0 |Connect to VT8501 and PCI slots.
IDSEL I |Connect to AD18 with a series 100 ohm resistor.
PIRQ[D:AJ# I |Connect to pins INT[D..AJ# of each PCI slot as follows:
PIRQA# PIRQB# PIRQC# PIRQD#
PCl slot 1 INTA# INTB# INTC# INTD#
PCl slot 2 INTB# INTC# INTD# INTA#
PCl slot 3 INTC# INTD# INTA# INTB#
PCl slot 4 INTD# INTA# INTB# INTC#
Connect one of these pins to pin INTA# of VT8501.
PREQ# O | Connect to VT8501.
PGNT# I | Connect to VT8501.
PCKRUN# IO | Connect to ground with a series 100 ohm resistor if the function is not applied.
CPU INTERFACE
Signal Name I/O Connection
A20M# OD |Connect to CPU. 4.7K ohm pull-up to VCC3.
CPURST OD | Same as the above.
IGNNE# OD | Same as the above.
INIT OD [Same as the above.
INTR OD |Same as the above.
NMI OD |Same as the above.
SMI# OD |Same as the above.
STPCLK# OD | Same as the above.
FERR# | | Same as the above.
SLP#GPO7 OD | Connect to Slot-1 CPU only if the function is applied. 4.7K ohm pull-up to VCC3.
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ISA BUS INTERFACE

dary

O

Signal Name I/O Connection

SA[19:16] IO | Connect to ISA slots and BIOS ROM. 4.7K ohm pull-up to VCC. Connect SA[19:17] also[to
LA{19:17}.

SA[15:0)/SDD[15:0] IO | Connect to ISA slots and BIOS ROM. 4.7K ohm pull-up to VCC. And connected to secon
IDE connector through two 74F245 ICs.

LA[23:20] IO |Connect to ISA slots. 4.7K ohm pull-up to VCC.

SD[15:0] IO | Connect to ISA slots and a 74F245 transceiver. 4.7K ohm pull-up to VCC.

SBHE# I0 | Connect to ISA slots. 4.7K ohm pull-up to VCC.

IOR# IO |Same as the above.

IOW# IO |Same as the above.

MEMR# IO |Same as the above.

MEMW# IO |Same as the above.

SMEMR# O | Same as the above.

SMEMW O |Same as the above.

BALE O |Connect to ISA slots.

IOCS16# | | Connect to ISA slots. 330 ohm pull-up to VCC.

MCS16# | | Connect to ISA slots. 330 ohm pull-up to VCC.

IOCHCK# /GPIO I |Connect to ISA slots. 4.7K ohm pull-up to VCC.

IOCHRDY I |Connect to ISA slots. 4.7K ohm pull-up to VCC.

RFSH# I0 | Connect to ISA slots. 330 ohm pull-up to VCC.

AEN O |Connect to ISA slots.

IRQ1/MSCK I/10 |No connect.

IRQ[5:3] I |Connect to ISA slots. 4.7K ohm pull-up to VCC and 68pF capacitor to ground.

IRQ6/ | |Connect to ISA slots. 4.7K ohm pull-up to VCC and 68pF capacitor to ground.

GPl14/ I

SLPBTN# I

IRQ7 | |Connect to ISA slots. 4.7K ohm pull-up to VCC and 68pF capacitor to ground.

IRQ8#/GPI1 I |No connect.

IRQ[11:9] | |Connect to ISA slots. 4.7K ohm pull-up to VCC and 68pF capacitor to ground.

IRQ12/MSDT I/I0 |No connect.

IRQ[15:14] | |Connect to ISA slots and IDE connectors. 4.7K ohm pull-up to VCC and 68pF capacitor t
ground. Both passive components should be placed near the slots.

DRQ[1:0] | |Connect to ISA slots. 5.6K ohm pull-down.

DRQ2/ I |Connect to ISA slots. 5.6K ohm pull-down.

SERIRQ/ I

GPIOE/ 10

OC1# I

DRQ3 | | Connect to ISA slots. 5.6K ohm pull-down.

DRQ[7:5] | |Connect to ISA slots. 5.6K ohm pull-down.

DACK[1:0]# O |Connect to ISA slots.

DACK2#/ I |Connect to ISA slots.

GPIOF/ 10

OCO# I

DACK3# | |Connect to ISA slots.

DACK][7:5] | |Connect to ISA slots.

TC O |Connect to ISA slots. 68pF capacitor to ground

SPKR O | Connected to speaker circuitry or AC'97 CODEC through a series 100 ohm resistor. 4.7K

pull-up to VCC3 for assigning SDD bus to Audio/Game or 4.7K ohm pull-down for uncharn
SDD bus function.

ohm
ging
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USB INTERFACE

Signal Name I/O Connection
USBPO+, IO |Connect to USB(0) connector. 47pF capacitor to ground with 27 ohm resistor, and then 15K ohm
USBPO- resistor to ground. These passive components should be placed as close to VT82C686A jas
possible
oco# I |Connect to the corresponding USB(0) over-current detection voltage divider.
DACK2#/ I
GPIOF 10
USBP1+, IO |Connect to USB(1) connector. 47pF capacitor to ground with 27 ohm resistor, and then 15K ohm
USBP1- resistor to ground. These passive components should be placed as close to VT82C686A jas
possible
OocC1# I |Connect to the corresponding USB(1) over-current detection voltage divider.
DRQ2/ I
GPIOF/ 10
SERIRQ I
USBP2+, IO |Connect to USB(2) connector. 47pF capacitor to ground with 27 ohm resistor, and then 15K ohm
uUsBP2- resistor to ground. These passive components should be placed as close to VT82C686A jas
possible
USBP3+, IO |Connect to USB(3) connector. 47pF capacitor to ground with 27 ohm resistor, and then 15K ohm
USBP3- resistor to ground. These passive components should be placed as close to VT82C686A jas
possible
USBCLK | |Connect to a 48MHz clock output of the system clock synthesizer.
SYSTEM MANAGEMENT BUS INTERFACE
Signal Name I/O Connection
SMBCLK, IO |Connect to all devices on SMBus (12C bus) except for the VGA port. 2.2K ohm pull-up to VCC3.
SMBDATA This resistor value is varied based on the bus loading.

SMBALRT /GPI6

10K ohm pull-up to 3VSB (3.3V stand-by power source).
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ULTRA DMA-66 ENHANCED IDE INTERFACE

Signal Name I/O Connection

PDIOR# O | Connected to primary IDE connector through a 33 ohm series resistor.

PDIOW# O | Same as the above.

PDDACK# O |Same as the above.

PDCS1# O | Same as the above.

PDCS3# O | Same as the above.

PDA[2:0] O |Same as the above.

PDDRQ | | Connected to primary IDE connector through a 33 ohm series resistor. 5.6K ohm pull-down on
the connector side of the series resistor.

PDRDY# | |Connected to primary IDE connector through a 33 ohm series resistor. 1K ohm pull-up to VCC
on the connector side of the series resistor.

DDJ[15:0] IO |Connected to primary IDE connector through 33 ohm series resistors or also connected tp

/PDDJ[15:0] secondary IDE connector through 33 ohm series resistors if SPKR is pulled up to VCC3. |10K
ohm pull-down on the VT82C686A side of the series resistor.

SDIOR# O | Connected to secondary IDE connector through a 33 ohm series resistor.

SDIOW# O | Same as the above.

SDDACK# O | Same as the above.

SDCS1# O | Same as the above.

SDCS3# O | Same as the above.

SDA[2:0] O |Same as the above.

SDDRQ I | Connected to secondary IDE connector through a 33 ohm series resistor. 5.6K ohm pullidown on
the connector side of the series resistor.

SDRDY# I |Connected to secondary IDE connector through a 33 ohm series resistor. 1K ohm pull-up to
VVCC on the connector side of the series resistor.

SDD15MSI 10/l |Connected to secondary IDE connector through 33 ohm series resistors when pin SPEAK is

SDD14MSO 10/0 |strapped to low. Otherwise, Connected to Audio/Game port instead when pin SPEAK is strapped

SDD13JBB1 10/I |to high.

SDD12JBB2 10/1

SDD11JAB1 10/1

SDD10JAB2 10/1

SDD9YJAX 10/1

SDD&JAY 10/1

SDD7JBX 10/1

SDD&JBY 10/1

SDDYACRST 10/0

SDD4SDOUT 10/0

SDD3SYNC 10/0

SDD2/SDIN2 10/1

SDDYSDIN 10/1

SDDOBITCLK 10/I
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PARALLEL PORT INTERFACE

Signal Name I/O Connection
PD[7:0] I0 |Connect to the printer connector. 4.7K ohm pull-up to VCC and a 180pF decoupling capad
ground. These passive components should be placed near the connector.
AUTOFD# IO |Same as the above.
PINIT# IO |Same as the above.
SLCTIN# IO |Same as the above.
STROBE# IO | Same as the above.
ACK# | |Same as the above.
BUSY | |Same as the above.
ERROR# | | Same as the above.
PE | |Same as the above.
SLCT | |Same as the above.
FLOPPY DISK INTERFACE
Signal Name I/O Connection
DRVENO OD | Connect to primary floppy drive connector.
DRVEN1 OD | Connect to secondary floppy drive connector if it is installed. Otherwise, no connect.
DIR# OD |Connect to the floppy drive connector.
DSO0# OD | Same as the above.
DS1# OD | Same as the above.
HDSEL# OD | Same as the above.
MTRO# OD | Same as the above.
MTR1# OD | Same as the above.
STEP# OD | Same as the above.
WDATA OD |Same as the above.
WGATE# OD | Same as the above.
DSKCHG# | | Connect to the floppy drive connector. 1K ohm pull-up to VCC.
INDEX# | |Same as the above.
RDATA# | |Same as the above.
TRKOO# | |Same as the above.
WRTPRT# | | Same as the above.
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SERIAL PORTS AND INFRARED INTERFACE
Signal Name I/O Connection
TXD1 O |Connected to a corresponding 9-pin serial connector (usually COM1) through a serial RSR32
interface buffer and a 330pF decoupling capacitor to ground.
RXD1 | |Same as the above.
RTS1# O | Same as the above.
CTS1# | | Same as the above.
DTR1# O | Same as the above.
DSR1# | | Same as the above.
DCD1# | |Same as the above.
RI1# | |Same as the above.
TXD2 O |Connected to a corresponding 9-pin serial connector (usually COM2) through a serial RSR32
interface buffer and a 330pF decoupling capacitor to ground.
RXD2 | |Same as the above.
RTS2# O | Same as the above.
CTS2# | | Same as the above.
DTR2# O | Same as the above.
DSR2# | | Same as the above.
DCD2# | |Same as the above.
RI2# | |Same as the above.
IRTX/GPO14 O | Connect to an Infrared connector. 4.7K ohm pull-up to VCC.
IRRX/GPO15 IO | Connect to an Infrared connector.
SERIAL IRQ
Signal Name I/O Connection
SERIRQ/ | |4.7K ohm pull-up to VCC3.
GPIOE/ 10
OC1# I
DRQ2 I
INTERNAL KEYBOARD CONTROLLER
Signal Name I/O Connection
KBCK /A20GATE 10/l |Connected to a keyboard connector through a 4.7K ohm pull-up to VCC, a 47pF capacitar to
ground, and a series ferrite bead.
KBDT/KBRC IO/l |Same as the above.
MSCK/IRQ1 IO/l |Connected to a mouse connector through a 4.7K ohm pull-up to VCC, a 47pF capacitor to
ground, and a series ferrite bead.
MSDT/IRQ12 10/l |Same as the above.
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GENERAL PURPOSE INPUTS

Signal Name I/O Connection
GPI0/IOCHCK# | |4.7K ohm pull-up to VCC3 if no multiplexed function is applied.
GPI1/IRQ8# | |10K ohm pull-up to 3VSB if its function is applied. Same, if not applied.
GPI2/BATLOW# | |4.7K ohm pull-up to VCC3 if no multiplexed function is applied.
GPI3/LID | |Same as the above.

GPI4/IRQ6/SLPBTN#

Same as the above.

GPI5/PME#/THRM

Same as the above.

GPI6/SMBALRT#

Same as the above.

GPI7/RING#

Same as the above.

GPI8/GPO8/GPIOA/ IO |Same as the above.
GPOWE#
GPI9/GPO9/GPIOB/ IO |Same as the above.
FAN2
GPI10/GPO10/GPIOC| 10 |Same as the above.
CHAS
GPI11/GPO11/ IO |Same as the above.
GPIOD
GENERAL PURPOSE OUTPUTS
Signal Name I/O Connection
GPOO O | 10K ohm pull-up to 3VSB if its function is applied. Otherwise, no connect.
GPOVSUSA# I0 | No connect if no multiplexed function is applied.
GPO2/SUSB# IO | Same as the above.
GPOJ3/SDD2/SDIN2 O | Same as the above.
GPO4/CPUSTP# O | Same as the above.
GPO5S/PCISTP# O | Same as the above.
GPO6/SUSST1# O | Same as the above.
GPO7/SLP# I0 | Same as the above.
GPOB8/GP18/GPIOA/ IO |Same as the above.
GPOWE#
GPO9/GPI9/GPIOB/ IO |Same as the above.
FAN2
GPO10/GPI10/GPIOC/| IO |Same as the above.
CHAS
GPO11/GPI11/GPIOD| 10 | Same as the above.
GPO12XDIR/PCSO0# O | Same as the above.
GPO13SOE#/MCCS#| O | Same as the above.
GPO14ARTX O |[Same as the above.
GPO15/RRX IO |Same as the above.
GPOWE#/GPIOA/ IO |Same as the above.

GPI108
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GENERAL PURPOSE I/O

Signal Name

1’0

Connection

GPIOA (GPIO8)

4.7K ohm pull-up to VCC3 if no multiplexed function is applied.

GPIOB(GPIO9)/FAN2| 10 | Same as the above.
GPIOC(GPIO10)/ IO |Same as the above.
CHAS
GPIOD(GPIO11) I0 | Same as the above.
GPIOE/ IO |Same as the above.
ocC1/ I
SERIRQ/ I
DRQ?2 I
GPIOF/ IO |Same as the above.
oco/ I
DACK2# I
HARDWARE MONITORING
Signal Name I/O Connection
VSENS1 | |Connected to a monitored voltage (usually VCC2) through a voltage divider circuitry.
VSENS2 | |Connected to a monitored voltage (usually 2.5V) through a voltage divider circuitry.
VSENS3 | |Connected to a monitored voltage (usually VCC) through a voltage divider circuitry.
VSENS4 | |Connected to a monitored voltage (usually +12V) through a voltage divider circuitry.
TMPSENS1 | |Connect to a thermister that is near the sensed component or device.
TMPSENS2 | |Same as the above.
VREF P | Connected to each thermister through a 10K ohm (1%) series resistor.
FAN1 | |Connect to a fan tachometer output
FAN2/GPIOB(GPIO9) IO | Same as the above.
CHAS/GPIOC(GPIO10) 10| Connect to chassis intrusion circuitry.
XD INTERFACE
Signal Name I/O Connection
XDIR/PCSO0#/GP0O12 O | Connect to the direction control of a 74F245 transceiver that buffers the X-Bus data and ISA Bus
data.
SOE#MCCS#/GPO13| O | Connect to the output enable control of two 74F245 transceivers that buffers the secondary IDE
data bus data and ISA address bus when the audio function is enabled.
CHIP SELECTS
Signal Name I/O Connection
PCSO0#GPO12/XDIR O |Connect to addressed devices which drive data to the SD pins if XDIR and SOE# are disabled
and the X-Bus is not implemented.
MCCS#/GPO13/SOE# O |Connect to the chip enable control of a micro-controller chip if XDIR and SOE# are disabled and
the X-Bus is not implemented.
ROMCSH#/KBCS# O |Connect to the chip enable control of BIOS ROM. 4.7K ohm pull-down for Socket-7
configuration or 4.7K ohm pull-up to VCC3 for Slot-1 configuration.
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POWER MANAGEMENT

Signal Name I/0 Connection
PME#/THRM/GPI5 10K ohm pull-up to 3VSB if the function is not applied.
PWRBTN# Connect to Power Button circuitry.

SLPBTN#/IRQ6/GPI14

10K ohm pull-up to VCC3 if the function is not applied.

RSMRST

Connect to Resume Reset circuitry.

—|=|=[0|=|=|=|-
O

EXTSMI# 10K ohm pull-up to 3VSB if the function is not applied.

SMBALRT#/ GPI16 10K ohm pull-up to 3VSB if the function is not applied.

LID/ GP13 10K ohm pull-up to 3VSB if the function is not applied.

RING#/GP17 Connected to external modem circuitry to allow the system to be re-activated by a receive
call. 10K ohm pull-up to 3VSB.

BATLOW# /GP12 | | 10K ohm pull-up to 3VSB if the function is not applied.

CPUSTP#GPO4 O |Connect to the system clock synthesizer to disable the CPU clock outputs if the function i
applied. Otherwise, no connect.

PCISTP#GPO5 O |Connect to the system clock synthesizer to disable the PCI clock outputs if the function is
applied. Otherwise, no connect.

SUSA#GPO1 O 10K ohm pull-up to 3VSB if the function is not applied.

SUSB#/GPO2 O 10K ohm pull-up to 3VSB if the function is not applied.

SUSC# O |Connect to ATX Power On circuitry.

SUSSTH/GPO6 O |Connect to VT8501. 10K ohm pull-up to 3VSB.

SUSCLK O |10K ohm pull-up to 3VSB

RESET AND CLOCKS
Signal Name I/O Connection

PWRGD | |Connect to VT8501 and Power Good circuitry.

PCIRST# O |Connect to PCI slots and PCI devices.

RSTDRV O |Connected to VT8501 and IDE connectors through a 74F240 inverter IC. And direct conn
ISA slots not through inverter.

0OsC | |Connect to the 14.318MHz clock output of the system clock synthesizer.

BCLK O |Connected to ISA slots through corresponding 33 ohm series resistors.

RTCX1 | |Connect to a 32.768KHz (RTC) crystal circuitry.

RTCX2 O |Connect to a 32.768KHz (RTC) crystal circuitry.

POWER AND GROUND
Signal Name I/O Connection

VCC P |Connectto VCC3.

VCCSUS P |Connect to 3VSB.

VCCHWM P |Connected to VCC3 through a ferrite bead.

GNDHWM P |Connected to ground through a ferrite bead.

VCCUSB P |Connected to VCC3 through a ferrite bead.

GNDUSB P |Connected to ground through a ferrite bead.

VBAT P |Connect to battery circuitry.

GND P |Connect to digital ground

d phone

ect to
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APPENDICES

The following schematics are provides "as is" with no warranties whatsoever, including any warranty of merchantabilitf, fitness
any particular purpose, or any warranty otherwise arising out of proposal, specification or sample. No license, expliess or imp
by estoppel or otherwise, to any intellectual property rights are granted herein. VIA Technologies, Inc. disclaimstyll liabili
including liability for infringement of any proprietary rights, relating to use of information in this specification. VIA
Technologies, Inc. does not warrant or represent that such use will not infringe such rights. Third-party brands andthames are
property of their respective owners.

Copyright © VIA Technologies Incorporated. 1998

Appendix A - Apollo MVP4 Reference Design Schematics
Appendix B - TMDS Transmitter Reference Design Schematic
Appendix C - VIA AC'97 CODEC Reference Design Schematic
Appendix D - TV Decoder Reference Design Schematic
Appendix E - TV Encoder Reference Design Schematic

Appendix F - Application Circuits of SPKR Strapping
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Appendix A - Apollo MVP4 Reference Design Schematics

Apollo MVP4 Reference design schematics are shown in the following 16 pages. The component placement for this referenc
design is shown in Figure A-1. The system specification for this motherboard design is listed below:

* Single Socket 7 CPU (66-100MHz)

* MVP4 single chip clock synthesizer

¢ Apollo MVP4 North Bridge (Host/PCI) Controller (VT8501)

e 512KB L2 Cache & 32KB Tag RAM

* Three DIMM Slots (maximum 768MB and 100MHz memory frequency)

* One CRT Interface (support of non-interlaced 1280x1024x64K, 1024x768x16M, 800x600x16M, and 640x480x16M)
* One bhoard-to-board for Video Capture and TV Out Interfaces

* Three PCI Slots (30-33MHz)

* One ISA Slot

* One 2MB Flash ROM

* One AC'97 Link Controller (to cooperate with a AC'97 Codec chip)

* Four Universal Serial Bus Ports

¢ PS2 Keyboard/Mouse Support

* Two Enhanced IDE Interfaces

* One Floppy Drive Interface

* One Infrared Interface

* Various Hardware Monitoring (support 5 positive voltage, 3 temperature, and 2 fan-speed monitoring)
* One parallel Port and Two Serial Ports

* One MIDI/GAME Port

Preliminary Revision 0.92December 9, 1998 90 Appendix A - Apollo MVP4 Reference Design Schematics



v T B ¥ z T T

9T 10 T BERE | 866T 9T epUoIN oeq

T AN ollody VIA o)
i) e | o) ‘G31VHOQHOON | ST BOTONHOAL V IA 866T 1HD RAMOO
133HS ¥3A0D
IO LION 1NOHL M N 1L ANV 1V IONVHO Ol
e A 103raNS 34V SO IIWATHOS ISTHL SO ILWASHOS ISTHL ON MV N |

SHOHHT ANV d0d AL 1T 19 ISNOdS3d ON S3ANSSY ST BOTONHOAL V IA

9T SHOL IOVAVD SSVdAS ® SHOLOANNOO ¥aWOd XLV B 1V

ST SYALMFANCO Od -0

vT S1¥0d O laNV % 93000 O NV L6V

€T TANVd Yova ® TaNvd INOud

zT SHOLOANNOO 3a |

1T NOH WALSAS ® SIOTS VS |

0T S101S Iod

6 v

8 dn DIV ® NV OVL ® FHOVD 21

L ¥3Z ISTHINAS OO0

9'g V98902Z8IA I5d Mg HINOS

v'e (PdM ) TOSBIA 04 I8 HIMON

z H0SSIO0Ud £ -1FM00S

T 133HS ¥3N00

133HS 371 11
T'T UO IS IA8y

SJ 11aU9ydS {dus v jayd vd/\N V IA




I 4 EEE| 8661 0T RepUON___9%eq
TT PAAWOIOdY VIA | D
A9, JAqUINN JuaWINd0q 2zl
2134008
HOSSIO0Nd £-13NHD0S WOAAOVIIN _
0T (4] WEAMN- _ CEHY TIAZOONIIAND _IHZOOA =
<\ N/IN oAQYg
> €20A e L A
3408dW/IN _
“ONI ‘SIID0TONHIIL VI SO 2ama €00A
Lsaum Fiom [Tm—1
QTOHA/N dSNSIPIOALS et e 3 310dS-
& B B i QTOH8/N — TNN3d -
NS 8 In&w:mu =d
0v NO 40 NO _ WS e WN INS- §
0’s NO NO 40 E——py| NINIAALNAO N | Tmao— {Nindd s
Sy NO N NO HSJW/LM 8M TRa
SEST 40 40 440 P N/N/ON _dNNaol) EIomam v SHOSTTE"
0z 30 3D NO z38im N E
. ST 248 X <z.
0¢ 40 NO 40 T8/ >z_
. ST 148
§°¢ 30 NO, NO. ST 048 N//038 1353y Iﬂm]m._.aulv 1sdndo §
G 7 9 B [N/ eEREE] AQuE Lp2T S TS AduE- €
““““““ 4SO0H Ndd LS N/INDEd SAV3 (e aagr——0 ST €
OX377LIHd dIONV [ e JIOHY €
WLIHIRTNLIHY JEEESTn = AN i A,
I T |]ﬂ NI E
N/TADId NIOIdY JENE]] |uz.z.q_| NOI- S
4 SE1 | gwii0adid Nada TINTT AN mmM« vw __\,_me
\EEL EET| N OLNIT dINI NI
M 30D STOT 123} STo0Id Fer| VP19 Wogy Iqu|mdﬂ| 02v- S
- BV Woev <
= 9\ N3O €20A 1S4L JJos I]jwm 4408- €
> SWL IR gra———roman— 1oNdd
rs—d I 9 TaL
S s
ALV 6d TTORV wn%_.m. 9da
sda |ﬂ|mmd|~m EGic
val/eds ydQ s —
5S | SWaieda eda [-£2
- - TNOWd//TdS_Td 2da Iﬂ]m:amm_d
drd8 LY drd8 LY ONONSIOSE oG ey e —
ONY, 2o oda
B8V (A OSav- TEC 0da
INS > rome——rov| LVINS
b IR SIHOSTTE- € LovIns-}; < g €00 A
AN 2 SIES Q8IONOYS 290 |
TYYNT oM o/Se — 190 e Ty
09a
drd8 LY - T 090
PINY, -, oan Eel 2 w50
B8V (A TOVINS 3a 150 C 850
7YV W am Sav ssal L 0 /]
RANE 30T = ssa jndl\
T XET VN- 3HOVO red =] vSa
€50 |r5———27—/
drd8 LY mﬁnn__ 250
.|§mm.vﬂ\d¢ N/AQYHd 150 IEJ: g
I Meaqy-| JHodY 050t
IR o W € MOOTH- D>y 2201 &
AW xqgg-_ - YAV | 55 gva |93 [siZe]
- o0
A LA Elzio)e] av vﬁudlwx« vaH LrQ e5— pAZS]
. el e
drd8 LY SMHOd 9€Z SvQ f e
INY, ., WMWM IH [24 ¥va
ARG - 1H (90— wa
N € VLK v|sun|ﬂq| LI o @Al va—ma
TN NI [eERE] GMWM o
1 AN - . 5 WyIF vV|mm_um|nq H3d o ova [57 s
T g SO0 TH 9en 6ea |89 ova /]
EIR) Mwlm 9€L 620V geq | 01
§ LELH STV | o5 oL 6Trv 1ea [-82 ged
NF YOV | 55 Loy ey 62NV ggq [ a
TIAZA £00A TV | o5y oan Y Law ceq 10 5Eq
av ECHRAY VA b s 9¢d SNV 6NV vea 09 SEq
5=a IV | g 9w 2] £ LIV eeq [0 mﬂml\
o ge [7ol3e-) OV | 558 anv 9N TNy STV z€a d NgI\
€30A 5V | — zaw wn Lev SINY Tea w g
. oaw 98 = TINY 06a
w & osav-)> osav—anv | 2 8T ol L8V 6w 6eq | 020 UE0 /]
eV Tev 9MY 9gH Lew Ty sza [ 610 6520
dvd8 2z TEV T TV TV gy PIV H LEA oV 170 -2 820
EINY 5TV TV oV oy AN 163 L v oza |12 eg
eV BTV VIV | ooy 0TV 623 Len oV sea [ 72 9ed
LA DV Y €3 £en ™ yza [ £22 5ed
yrdg 2z TV T TV EEOV | gy LEY 613 vEL TA eza |22 vea /]
2INY STV 9V VeV | oo LEDY =] L€S ™m 220 |de|\
8V SV SEl oy TE0V 113 LD n Tza L€V
9V TV GEDV | coy 1z 1) LEN 15 oza [ 629 24e)
dvds 2z v TCYV___eeav | oo sV 828 181 © 61q |08 0
TINY, A VSRV | 1oy T2ty 928 €1 ™ orq | 820 610
XA D T A= 1A Ve LTeY vea g0 1 110 | Y 8T
€V 0 v T2V €TV zed 189 iy TED ALS]
A4 O i s
e & 0V pL 60V 0zg 153 ® s1a
dvdg 2z TV LA DV LY 818 =] s13 p1a 55V LS
0TNY BTV TV 7OV | g1y oY 918 123 za P e M R
TV STV SV | oy 96 718 627 v o1q [7e2 €1d
BTV - A M Z3v z18 Loy SV Yo7
¥rd8 g 6V VTV T v 9eav o1g Era eV ota o¢d T
6Ny TV TV Y| o1y v 3] £ v 6q | SE0______ 010
IV TV V| Try 9gav 98 Tov o sa [ 282 60
TV TV V] o1y zav & 6TV N 10 [ 7Ed i)
¥vd8 g VTV 0T V N Y 9a eiE] a
8Ny STV (I P ca [ 53 od
ERY SV TNV |,y (69 )N (zg)eoon (82)z00n va [ 783 5q
dvde 2z LA AL PV ca 92 7a
STNY 4 g T o za [ 22
5 DV | oy Ta =T §
. . / 4 12 VENV_| S€9 leoola g€
g'c [te7elv T — e &Y 00 ==




v I T T z I T
oT 0 _t woug 66T 0T REpUOW __o1eq TAAND 25 Sy orosau
ZA_aND
7AW 0llody VIA 2 = =
n— J3QUINN JUBWINY0Q _ wNL Zn-ane nocmH nocmH dzz dot
Y (1do)
v 390148 HLYON ZR e €0 20| exo ™0 ZHNSTE VT €30A =
o X
L €A QAAY il
<\m ZA aanav >
“ONI ‘SHID0TONHOIL VI kEEBREERREEMMRL hhkERREERORRE
P SEERRFERPRRERLE PREERPBERBEREBE
> >> g [oJoRaRaRaRo o oRa o aRnNn)
EOON O———————r7YVYTg PN BZZ 33 5 = = o] X 5555555558058885 22822822222828¢2
M= S50 zz 9 &1 1 [=4 5 000000000000000 5555555555550
m_c_G _G_G ©
SAAL SML IS ST
SHAL SHAL N
SOALD s 2] 1M
] L0
A111N2119 J9podus AL Of NS/ S Py
SN A
YAAL
LA Y
YN ey
TS\ —TL e
.. N\
[20JAAL Syt ——aR—T| 0L
Mbm«ww SRIVD 30} Mpmdw
HdVO jZa)
M0V a2 e A TRV
N4 AN ey
—PTadvo__td | Ladvd
—ET0dv0 2 | hadv2
——Taav—5g| ¢1adv [20l38-
TV —Fg | Ladvd
01ddvo
__0Iddvo__2d |
K1311N2110 19p028p AL OL T8 | saqvo
—80dvo 5y 294V
—70dvo 79| 5942
N1 N A ey
N/ IR A ey
—paavo 11342
L o B A
2advo 25 1advd
TddvO
[5T01adVO s’ erre) w 0advo
NS 24 I
N 1 2
—Tegg |3
—zgd w33
N4 L P
BI0d—EW | 5109
1dd i2 9Tad =
oTdd
s1ad
Prag riad nog|, ot 00"
LSl Mmm 84 s19] &80 80
o Trad ) B -Sinay
—orgg o | 9
N ) e EA_AND
8ad N
NS a4 o
T tad =
A 9ad " ;
sad R
5ad hod =
7ad 45 g4 p1d
ad m ~o5 Qo
zad TR 509 T endanv
.. 109 |
62°010d Wyt N5 00d ZA_aND
178dN3, 178dN3
K131IN2110 yu | [dued oL ELhe= X TTHaNT 5] EE vt
QandN3 FINT T qandna
JaAdNT T4
mvm‘_uu_mv LSS AN L] 1035 GH w_moum
s_‘_uw E R ANAGEZ: ] ELSR N
X W2 j143] WH 5O |
a1 Tz a5 |
[ pirig BTy anasTs——539 eI TRES
STV oTg ~ ESTTTRS TSINT v G —
<o\.,u..n_zo 3 S €l not nT* nT00"
£30A N
I t 1 oYY —TTE TISHT Mw,_moﬂ 84 z1O] 280 %)
108 dnNo9 108 ) fal
a-aNwvaAN s> S s vae L) vas TA”AaAY
AN TovId VTS ETHY ZTY oz>m>w S TNASA
ONASH ONASH
m_jmwww - s ane
N33 ey YEENT]
a3 —a3g o3
VOA_OND PA_GNOV
TA GND Ao —Ta| A N9V
TN QAN O r-guy 1o SO0 55555 ZZRRBRRRRRRRELERERLEREEzzzz22B -
TA"QAAQY O——agaaqy——Ta| W 99NV S O REBBRBHRRBRRBLENGarEREConIatid [eo-ola
- Tven bRREEREE FREEE BRRREERREEREERERERREREEREERE
no nt: nT00; e
w%,w” Y3 <<|< b b b5 B B S B B v B e
$00- “Son <9< << 3|9
: LU
sav _ [teelv
>n_<o.w >m__«w. [270lvL




[ i uww_._M 8661 9T Repuow oreq

7AW 0Jlody VIA _ QL

J9qUINN JusWwN20qg 92|

8390148 HLYON
on
¢\> N UVAN SININOIACD
“ONI ‘S3I90TONHOIL VI L 3SHL TovId
S 200A £00A = — o ——treooed oo
T 203 D—pyqg—— 2z
& — o> P9 ¢
£2d
a3 WWVAMMLL&&WW_l_l WﬂWWVWWWWLLLL mpprphpzREzEEEEEEEEEEEEE
g =) ] = BN NSERE == =R RNORE RO R ERlRREERERNSEERFEEERE ==
G-TOS8IA ko o ko joo = &l S 1 N [o P o 1N 1N 700 g 5N S8 B V) o T 'Y X)) 8% o [ B> o v = o o J01 B oo [N = o B oo o Jo s oo =
=% v (VY S55 55555585888 055588 £882229299922029992999920092922222299022229299
m N9V OO0 00000000000000000 COOCC000000000000000000000000000505505G560500
noL|, nt 700 SESNSA [ree——
910[ 980 60 S 200N
—orov] 99V
&|cww grav| 9V EeSnSA Hﬂﬁ|&
- il £6SNSA
§ €oon L 10dN —ra] X0 E0N
100 SR> *°H ¢
S N9 - 1NOd
5 03O - 034d NSO rpmg——rrs— NOEA10- §
XITST g e XL3S- 9
TTOT'S My3S - gmms——pgeq 23S HHOMOd —sray——at0D ma—» 0009 Md TS
TTOT'S uvd ava
0T X301d- _
TTOT'S dOLS- LS7SNS b LSSNS” §
TTOT'S AQHL- mog Loy ToT Ay bi1oa 2
TTOT'S AQHK oxoa Y
TT'0T'S 13SAT - Teav
TUOT'S IV i ELNEE] LN [ N> 0dN 6
dN gy oadm— aadh ©
} 5adi SadN 6
[OeA —  STdW <
i vaaw [FA— Feem K vadn 6
T ZINO- eadn [ 8 eSS eddn 6
o e Cod ey ———zaam 2 434 © ot
0T OLN®- TadW L che S5 104N 6 T AR B3NS 6
008H |-z———ogam——> 00N © i AW P
} A 03IMS- 6
Urde MLy ey R AN I
QNS fogrr e AN
2Ny E9ON 2o GIMS §
A - 0 Pz ame—
o1 1O P o mm 034 VAMS oggm————Tre—
0T 0034 oI Tavd 0038 asvos- 6
- ISYOS fopm e vSVOS- 6
TToT'S e SUCAS 1)/, 0SVOs- 6
TTOT'S VSVOS [ogs v avae— aIsva- 6
TTOT'S
TTOT'S OSVAS fom e
SSVES o ave— VSVHS- 6
YSVES Omzm v SvES TESTES ST e @
—OSTEE T YNER JSES ©
B e " /e —— TS T Ty BV 6
5V Pyrgy 9 SV 82
S5V Py 55V
el SR R0\ £SV0- 6
seav BV [ope oo — 9Sv0- 6
g v v reav L8V Opzay———25v0 ¢SV 6
Ta YV sav] £9v 1SY0 oz T svo— L8vo- 6
——zav v | &Y 953 PR ————05vo—
| 1eav
Iﬁjﬁamﬂ1 ozav SV oo ————cr— 0svo- 6
N1 A = A M TSV8 gy Sve ovo- 8
BId_V 537 51Y L5 Oz Sva— S5V 6
v —oov | SO L5V8 oprr—————ZSve— vSvo- 6
g1av TSVE s
$T0V 5| LY T g T eV 6
N 1 A=A =V LA = — 1 AN A
" ztav v eV T — L2V D LS arsva- 6
TV
oy ot | I 0 [Gav———Oorvmw—
N AR = A PV A e ozt
sav Al TSV B TR v 6
Yo e e 3
SV TT oav I 1575 VW —— v T YN TR ST 6
sav SYVIN == |m1mde.\<<.| VSSVY- 6
S0V TV | jqv VA AL TYNT
74V ] Feav v VW ¥ydg 2g
eav eV AL
gy zav P KLLLLPS) > 6vi 6
aV OV |fqwy SZ552XZTTTXTXZTZITZTZIZITTZTZTZZZITSZZIZITZZTEZEZEZIZEZZZrzzzzzzzzz  pwwn |94V VN [RABERANTS w2_>_m
oo ol / TaY av 23882272223 303 R YRR R R R 8RR 28R 8RN NN NNRE e 2R55555655568 EVV TV 0 AN T
TroT's [1eolav Y v 09V BRRB BB ISR E RS ASGRONEE88LERERBREBBNERRENREosNshEaRREcecisaronrs W Hmm—ogm— — WY T m«xm
3 REEEREREEERRRR
g B> b [0 ZEZE a3 B> - [o[o a3 =
Taen slaf sl mquWWuWu RERBRERREERERFE mwwﬁ BEE RERBPRRPE s
P NN po =N = o NN - |.,-\|/\|/M|VVOH<—>_Q
0T VW 7 V4 8 SV 6
ERAREIANE
19N 6
VN T .»/\,. i 8V 6
ool oy| | of f e[| o] o] t[en] vl 4o 2| 0 < of oo[r~| 0| ] o oo ~| 0| wo] | o] oyl | S| | o) BVN T ¥-=%7
i e it e e ot e ot e e S B S RS, B o B T SN R NS N BB Avrds 22
i i o s b= P P P e P S S R e S e ha b 21238 al
| 9N 70 2 6
ALYV EVIN 6
EVN 5 o VW 6
[e9-olan 6 ARGV 2 N 6

¥vd8 22
Ezmcﬁﬁ SYN 6
SN 8 oL ovIN 6
AN 0
B o N A AN QA
——TSE TNy VISV 6
7 T T ¥ z T T




v T B 'y z
LAY R S | BG6T 0T REpUON o7
TT n_ 7AW 0Jlody VIA 2 ﬂ \sz.,u%zo V-V98902Z8.1A
A9, JaquINN Juswno0d Bt
:ENS S ol el TTg| VWMHANS oo [T
Vv-989028.1A 3OQINE HLNOS T Son T8
P 29" e83] ZTg| WIMHOOA 20A mmw_ 5 |._|d.
£30A N e £30A =
oon L2
“ONI ‘STID0TONHOAL VI ——ZNvAnaD T | 80! dO/E0IdORNYS oo o
T
= SZ0LCE0T o —— Azt "N 9N et
-
A
N 19pun Ty 808 Id a4 AR TTA| NISE Lva
2010807 o EENN SNSOOA iver
- SNSOOA as2ine
- N3SL a _
M aND A T T o1y o1, vXo.=
N N 1] OTOI9I00IdOISYHO o _H_H HY189L'2E as%ne
2 =
@wo 0 Ianv o budde1s) TrA] &N ™oL |9|nh|§iTmnum
} 4
) STV Ciz3) SIS Lo} =1 YN 1010d lﬂuJ%vv M10dS L
96T 0T
€30
oty %T YoT v
P — oo & 2 !
S o] TN INId oo N9 8 SN TTOT
= - 1T
T —tT ST - o )] VING b4 N9 ¥ HINF TTOT
= Tl %IMES S NOT 200N R
= [25] gy 110 1288 Ted T | NS LS¥I9d Dy Toung KL LSaIod- LTTToT
) ane INS b T INoidd- ¥
™ 8 2o 7] aNo O3 orrr——mama A D3R ¥
¥yl eSO STo aN© A e SO 81 Y TTOTY
A : - ane wvd uvd TTOT'Y
98 ISENSE RS e Ty déas- 1oty
Aet+ 135A94 o L MY 43sA3a- TrOT'Y
s ene OIS OW ESIEL dOLS- TT'OTY
ST NOMMAD>—woama—xq 2SS AL Prgg——xaar— AQL IOty
e d Z0disooiaviasns g3 LS I LS O QY. YT 3 47
H — e T0d9OVIvNSNS IV g3 Y AN TrOTY
n —_— 3
T vEs—oTwg Y4 Ivans €380 ;
T NS MY — L ——hd| £idoi0TEdviar Z=80 "
1 T E e ] 1389 § o8 TTOT
ALY —NTHEMaTTAY ML8IMd 038 O - [e-0l38- 0 TTOT'Y
o 9T 2O Py ]| IIO/MO1LVE - 61T =L e]
— TN WeHIGIdSENd T80V
asine 8 _m& i TERd] ZidomoNi osav [ £2¥ oy
€1 WL > r——Tad] WSLE eeav Iora 4Ry
8zav T
"L nnooTNvd = —TOSIEOTL P oenS . m—
Tr2e90ad 1189 ¥ 1SSNS H>———Tomer——grad] 904O/LLSSNS. M A A
R —n
NO 1noA as7ene O 50d9/dLSIOd veav [0 POY
O o S oA L3 ¢ B o 21 v0d9/dISNdD eeav [ 02 L2SA
ca e 4 Qv o [44R4
9 0ge g LY TeaQv (e
NIA e (= ) ozav 92 oy
T 9d ———— o3| 90140 61aY Ly
80IdONVOIdD g1av
At £00A Yoo T gouimiao 1ty [0 BIaY
PUET ivadsYH—— a0 T g8 otav [ 063 7Ty
[4 z:mv_d.w 3 NNRDITO stav [0 ELL
9T'v 4009 Md Wf aouMd viav [OF STy
e, NNOO NV = srav Lo oY
vz890a4 ot83 1T'6'L Vivaozl V1vasws zav [ 700 e~
c 1T'6'L 1002 o soams may [SH TR
NO 1noA otav
YOI S0t S oA L3 4 2 N10dLS e M10dUS eav [0 DRy
2 7 ™ ™ 2 NS ]| IS 80V |—ar——————— v
ooy 0ge - PR ———— 79 [0dordis v v
NIA Y] DY S S (Y Z AN IAN 9av
- vou z ity o AN T sav iR
z LINIfido LINI vav
ACTH £30N TINNdD Iy FaV
¢ ANNQL INNOT grq SNNOL £av TV
2R . EEEE] [y M1 A
Z 1SUNI D>——T=gni5—srd LoaNdd Qv fer——— o _
z mozv- 158042 87 Woew oav [ 901 LA \ [te"ola™v TTOTY
21 AQHOIS AQad AQYOId 2T
Z1 MOIas- Mmolad fo LSS MoIdd- 2T
ZT_¥oIas- ¥oIad (> oS Holad- 2t
D 1) A A -1+ e o = 1 o 2T d3¥aas 03¥add STIaad ey 03daad 2t
- 2T Yovaas- sovaad pSN—— OTCAd 5 ovadd: 2t
2 ot o ks 21 £s0as- £500d oI —— Jovioe &S £50ad- 2t
T o= oD 21 1590s T50ad ~ S 150ad- 2T
r——otYVYY g SIOSns - O350
L ot v sns 21 Zvas vad [ool  TS00d 7 NS evad 2zt
. 21 Tvas wad [BN_ Te K tvad 2t
£ ot e oS 2t ovas$y VaE—g T 0vaS ovad [T eSS ovad 2t
ot e vSns” vT _ms_w - o] Iswstaas S100d |-
A - b oA — T 0SWSSH— OSW/¥Taas viagd [ON  STAGd
STT R ELS ST 759 TVans " OSN T A £1004 [ £19
- 1 zaars zaa0/21aas z1aad
ALV B8ed TAN 0T vy arT yT Tave K MMW__H %HH\Q Tave/rtaas T1aad M W
g r— oYY — 0095 — yT zavey 2avr/01aas 010ad (===
STT e HINT ST o7g 0045 JARRS aave T Sotsdas sa0a [0
- v ¥T AOVED AVC/800S 80ad
ALV ed INNOT 0T 6ed T1d9 YT xoar “A v)AtovM_m, ﬁ_‘)d Xar/.aas ,aad 5
AN N TS — v1_A0arsS A80/900S 9aad
v Isands vT hmmo,‘.WA rohog——an| 1suov-/sads saad
N YT — ¥T ~1nogs, 1noas/vaas vaad
I[ - —
v TN YT TONAS) BlLLc) St ONAsreaas eaad [o0
SRS T AN s T N Xt eNiasreads eaad [-Z1
L L ¥ TNIGS NS——va—| Nias/aas Tadd [-%¢ \ )
eSHn as9ne ¥T 1010 s >oLisioaas 0add (59 [sT-olaad et
TVEN




9T [ 9 uww_._M 8661 9T Repuow oreq

PAAWOIOdY VIA | D o = 698902811
Jagquinp juawndoqg 97! XTar
coa NS 2o
69890281/ 390148 HLNOS g 0 N@n ane e Q
. o) ane 20A
ALy pa W | ano oon X
<\> 694 n 0o ano 0N 5 hn
AN ano 20A
ONI 'SIID0TONHOIL Vi ane oon [ EE
T 4E]
orT| NS PN =]
a1 ano 20A
5T ano 3
NS ano £10d9/30S 01am|vv 30s- 21
ano 2TOdO/EIaX diax- 1T
ano
0 ano STOMI Fs————sTou—— STOMI ZT'TT
ano YTOMI o YIOMI ZT'TT
(L 194905) o 119y 2 1 ano TIOMI IOl 1T
MOT LINI Jo} Buide s e ano oroul [ IO oTOMl TT
e otodr
- W 5 N9 60l T ST 60dI TT
T \yg—soWoT— 55 AN LO¥I - G 20d1 TT
T N9 _N18d1S/908 I« 90l TT
| e S —E
X SHOMSA £Oul [ £2 o £Oul TT
— 93 2] €oar
759 3SaH
x sed YIvad YTOdOX LI fger oo
x 57 LodLam STOdOIXYI St
= X 59 Svem >108 S107SAS 1T
21 1sy3ar - A ’
IS8T T TSy X od vivam as0d FH——r— WW DOA3Y 1T
X 539 9215
v X13S3- - A X Il AYALSY |
ST ozd X od THIW oL 4h oL TT
fo ol 7ad 050 0IdOPHOO! oﬂquud._lw sofdor- TT
TT A¥Q S3d to of TS AQEHOO! AQYHOOI TT
% 220 7 an® wn' ool v eI 9TSOW3N 01mq§|amuavv TSOW3W- TT
o ol ad X3aN! STSOOI s ——————aresr— oy OIS0k TT
X MNEWS ora 9% MI3WS- 1T
g1 020 WV|aa|a<<Tﬂm|_ Xga| pNaana e — AN A
T oidva- - ON3aANA NN o 05 MWW TT
IOV trqoio XN aas T H. 50 SR - W W=
T SONOU-Y—————mrsg——ry-| SOBWSOWOM: JIe] 0N1‘2q_|m EUEL MOI- TT
€1 190 vada|9>}|ﬂml— > Hot Pra——9or o HOl- TT
T 203 —————y——o| CI0dILasK HSTUTTY forg T
coFFa—Laomw R €T Y10 SW S| TOHINOSI SHas O&Luﬂuw] CEE 3HES- TT
_ €1 Viva e 2uEN/LASN ENE] casEe > 3wva 11
€1 §<m mﬁvvJHaaums%ﬁml_ €T 10 8 D0ZYAMODA NIV |Nu|zum| NIV 1T
TT 21Ol
TR R TR R ——ervaesnm 39 Bl ot — O S
——TIvgEsn og | 1dasn 9080 |- ————ogr e J0Ra T
——zIvagsn A Soas SOMO oy S03a T
+2dESn« mwmo o MWmmo 113
CIvaEs 4 TONA [ oe 5 TOA 1T
————x—55{ 20d9/020/2X10v A, 0d¥a e 003¥a 1T
————IYR—s| F0IdO/ONNISTO0/Z0MA:
€1 -TLvassn - TdESN.
€1 +TLvasgsn +1d8SNx LHOVA (g %0Va- TT
€1 -01vassn -0dgSNs DIOVA Orm—————gymv oy Sovd- IT
€1 +0Lvasgsn +0d8SNx DVA opr—————spv——op OVa- 1T
A v_‘_ommavdemwnlq.xdmm? EIOVA [ogr————swa——Q £1ova- 1T
ad _ DIOVA o ypva——op Pova- Tt
_ 8 _ T gSNANo OOV 0gq—————swa——p OOva- Tt
EE] ==
not n ﬂ _ nr: 0T not 3.—.
L ¥3avaH esn L ﬁmm ] T
otL3[ +183 - €185] 610 813 NEQ.—- e1as [ 19 FTAS
s 8SN0oA z1as [N s
L & g E] Tras [N 41}
RS oy RS £ ET 2o 2O oras [T e
fo o ’ €T 2 Al 60S
4 T W 60
€T 203G Sy 2020 8as
Tasne < T B0
€T 2¥SAH——————gaa—o75q 2850 £0S 2o o
= = €T 2510/ 510 9as (77 5
a4 :H :H a4 EL SIS —— 51 o139 jasies) sas 5a
€1 eula—————————m———=d Zdld yas 22
611 021 o1 Sox1 2910 689 saxs eas [ EM S
O] ZWI —————axT OTd | Sl 7 S
> ava——ra] 1O tas [ 21 s
ek 105 -
myl — TOX TR oas [25 TN lsTolas T
3snd 3snd > Ta0d__ZvY 1990
> Tea—oryd 1550 €2v1
esd Tsd 2dasn GEEEE—— =3 o R o) AT ) (Al M mwm
—Tsmg —Trad 5 KAl 243
———TargTaq =l 0ev1 T2
Toxt T | O e [
BTV
3d0uls LTS |5 v \ .
NIIOTS 9TVS 39S [ez-otlvs 1T
7759 201NV, STAQS/STVS: [ s
rd INId YIQAS/TIVS: |75 SO
rod Joma. ETAQS/ETYS: [ i
= 1S 2IAASIVS: (o raas
T 3¢ TIAQS/TIVS, (2o oo
rde _ - - 5| Asna 0TAAS/OTYSx | e
€T YOV d 600S/6YS, 775
dzy dzy| diy, dzy 80QS/8YSx 50T
T3] 2dd] edd[  vdo £0aSILyS T-aa
900S/9VS: [ Saas
‘ 5aas/SvSx
FETTTSTY PEANNSI L] FEIVaEsT $AAS/HVS Sq_aaS
1agsn 4 8d 1vagsn £aAS/EVSy n va_ JT
zaaspeys, [£1
TAAS/TYSx
€1 [270ladd d 00as/ovs« v, \ [st0la aas et
+ZIagsn PRANNGER L] FZIVagSn TEEN
=ZIaasn [TARA G -] ZIvaasn




BRI 8667 9T REPUON___9eq

7AW 0Jlody VIA
JAqUINN JuaWINd0q

a2

YIZISIHLINAS X001

VA

“ONI 'S3I90TONHOIL VI,

"
(IJOJUgTY ™ 8ED [e)Xniele)
1L
(IJOJUoTY ™ B6ED DIToa
o] TOIToa
oo
BT
ATOT
PTOT =
SATOT
" "
RO L LI -T40) A 100" RI44 LI Y %) AT10gST
1L
rMSdIa agTer r4e] oATOT 5t49] STo10d ccwnu 0 STTOH
™ 1L
T By a—— e D TToa e o o7 Ty
HH M wmw ?NM M “ [i14e) [nlelet 020 STOdN :CFH“ sioe) A109d
ﬂ%_ T STV 56g o=
¥rd8 T
o
€30
woi o]
oxo] ZHWBTEVT X sxo]
¢ T
Rig € (zzt)ver NO NO NO NO
19-8726S01/95TM
oy € (zt1)ozT 40 NO NO NO X X
8¢ £ fertlsr oo 30 o o S §10d #d1S710dI043Y | A N—EE OTTITT—Y 1043 €
9 € (zom)otT T onoid 1od 254143y IO43Y TT'9
30 440 NO NO 0T TOIOIDd ﬂv_l_tv_tun_ C 3% £10d IS4 87 [4E] [44 13221 TS T033g9 /
STTOTd [N R )
st B (01501 o o D N % va_uw_wn_o_muwn_ oITod LA o od OSINEY |57 053 AN o) ToESTY 108sN 9
SITod T BT T 7 d -
Ty Z 68 ) o) ET) %) ¥ 319dN SITOIN [ZoN 8851 JAOW 7] 390N 10d #LS N0 [ JISIT ST 3
5 STY T £30A
or [4 08 No 40 40 No €D00A 3108 STy 10021 LT'6'S
. 2 o o 4o 4 o 6 TIN100S, Se— Y S— | Tvaas vivas OIS vivaod LT
6 0T100S, oTWYNas
6 2¥10as R i 2 8 | nvaias
E § [ ] o [CEEES) SToq AL 0]
6 8410as o o o SAVHAS ane
. . 6 64100s AN T2 1 iwvuas ane
1€ € 52°36 30 o N 4D BITOaS AR 5
6 $¥10as 9Nvas ane
IO T TOTH 571 s T
6 £410as v SWvHas ane
12 € £°e8 o 4D N 4D SToa oT o6 T
6 210as PvaaS ane
6 9410as o o i <€ | ewvuas
9z € 08 30 30 NO 30 o T0as OT GLEES e ano
6 v10as ZNvaas ane
6 T10aS L2l A — e S tveias
sz € st N N d0 3D 8 OY1as g LI o 28 1 owvaas
DRI T 6 3
se ¢ o 30 N a0 30 v _v_._ooWA ST o — s 3 nwvaas aan : - - S
3 e 899 o 4D 40 v ona ONTOT tIdouT > STTE g NI Wvaas qan " " i i
San g1ao| e1ad] ozad]| T1ead] zmid]
o¢ z 09 0 40 40 4D =
S €0 aan =
Eee P m— v 2 i o oo oo ]
od 01w no TONdD ZANNEZ:] 7.0 otao] s180] ceao] T1Ld a4
s [ SoR 70158 7 aan o ag T

feleli




9T [ 8 uww_._M 8661 9T Repuow oreq

JaqWINN juswinoog a2

7AW 0Jlody VIA _ QL

VL AEET-T
LINOYID dN 3HVM B FHOVO 21 = =  Towir VL AS €T
o :Souﬁ :H
o[  Ewd
<\> I £00A
“ONI ‘S3I90TONHOIL VI 8XOIZENVAS WeisEd 7o0iseT
e NI 3NN
aan cery
T v s
T >—pr9—
£V
a [Z kL
v
TIv [-£
otv [ £¢ Y
6v |ﬂ|a: 1447
B
Y
ov [ £ A4
o [© mqmm
M« (44
o 434
& TV
- STV
€ [70lvL] OV 7 o7
on
= PIXP9 NVHSEd =
ano wozo 3
E2T] ano an [0 s
O lano oano (9
55| AN OaNs Fo—¢
OaN9 9
— 7=/ QNS |7
— 5| 89 Qano |7p
o= 29 oans T
N L I o A
ez 099 [elele?N T —
e 699 woo> T
85a 00N l
—___5a 1t |
——= e
57 959 [elele?N T
ssa woo> ’
rea 87 yea 2on [
—___tsd____ 77| 'S 1 W
NS I 748 Q00N |y £30A
~— —— esa eoon 54
150 £00A
—___0sd_____ 2|
- 050 £00A ITNH L
—wa oz |99 E99N =7
8va
pis) =
Bz v
: ize] ova £33
| sva Z50
dn I N 1 =
m N ML €30
g zva 30
n —___wa____ Ir|
AN ol o
T — g5 20 Dopr———H O ¢
E ) ____8ed 8| 6eq
{8 30 300- €
——r——5 80 ) amo- €
00T ——cr——= %69 EINE] amg- €
sery OGRFENIN 2 sea -
a vea sam
verd €0 = €ea TIM
zea
1eg o tea SIM
o 0ea FIM
dn 3 T 5| 620 =M
PATAAY 820 Zam
3 2 oo 220 TIm [-ol38- €2
NVl N 8 =
¥ 50 z
70BELANI vea 300W
.___ted %6 |
oot — 7z 58 e A e
= T @ — g 160 BN Ogor———"a K oo ¢
B £ N a——p BV bgor ——savr K oo, &
8S°AS —_6la___ 73| mmm =TT STogd oad £
T —__8lga____ og|
81Q ON =3¢
o - s s S
ON [ 91@ STV eIV €7
- N1 [ ¢v  8Iv < "
_ _ _ J ° ) ———t g 510 POV i A— —
v1a £V oty £7
.___cid_____ 18| e
:S.q_w sed BN L awv [ 77 klad ov €2
70BELANN z1a v e
A 0T N.G._- 6TTY €a ST 11 L | 11g oty |87 v <X 8y €7
€T ZiiX- . > : 0 ord L |ota 6V TT 6V £
[ ety 0cTy s M 60 V7 N A— 7.
8a wie T Ky et
ks 1 ea v TSIV €7
sa v Vv €7
I A .
————— va oV o —
| 20 M — a— SV
za v woET
ez [e9 o_ovvl\ e — OV (g &V €7
)




MD0..63]

Llo.ogl

ev
11

i

of

9

Eheet

16,1998

. INC.
Document Number
VIA Apollo MVP4

DRAM
Monday.

VIA 'I'EiNOLOGIES
[Title

i

ize
C

Date:

IMM_168P
12CDATA
12CCLK

¢

CLCCCCCiiicie

CLren

Crrerceeres

;
VCC3

R

O

O

5| 5|3[3|3|3[3(3

VvCCe3

VCC3

CKE4

o 5] o o o o
g 5 g 8 g g ¢
[ > @ > > 2 > >
S - ox % i z & >
S e 936l e <] 7 "
E a8 Lo 2 =3 E °
Seg §8£8 = 2 g & 3 s
3 sXe¥ 5888 3 = ] z z .
z5%s 3 2 3 = fleoo s
=3 E'I'I'I EEEE a & x o g 8 = °iIS555 a
Z EEEE BR2E § g e g g 34 §ozes | Seane 4
9 3B & g2 @ g & 2 3 2 B
: 838 g2 5o 58
- @] B -
g B &8 Bee ge I E6e r
g ocdod oo« Y 2 2 u_%l% £o % oz &
‘&" 3 o ; zZ é % o T % 2 e o
g coral oo 88 E% D‘%% dN, € %é -
] % 12 =} 5 S X OO~
S84 S hoo 5% g g% <
g ccoo mnmn
«
i g
o] >
3
™
¥
S
sizzzz
zE g
5558
Zlomnm
ol S
S
o
gonon &
338338858 << 5 & oo g oo
oo
222222222 33 oo oo : 00 3598 s 20
555555583 gg 2 3 3% 299¢ s &
70 70 2iE2 70
W W W
a4 o d
139999 22 g2 297941
9937 949 o A AR o 143949399 4%
2 2
. 4 s - s "
= = = =
N ooddd | [da] = Ao = s of ol o
3 SRR NEEE R I L = B e a ~ q
| |
lgalle 82 28a 8 85| 39% 2 3|92 PR 22L B3 B 8892
SiaING 2= 23> = = 22,50/ = SISl Slalale=5>55 > = 3|2 SI5(&
7003 550050 7|TS'S 35S 003 50000007 |NSIS
HElgl£se990000Q |2An Eiafal Hefl2 829299909049 |zan
o) || &) S =) Yy ) 5 By By = X S =S Q@ F, 0B, S, =
(2 (21 2 k2] (2] £%2) (%2 k2 12 12/ K21 1! L) 101 199! K2
A9 5Bl
O] O] 0| OO O|O|O OO O|O|O|OfO|O
vas vas - bss vas
108 —W 108 3 M €9a 108
D63 1 e9a D63
D62 290 ! S —MBe2 ot zoa
D61 09T | 704 ovs ! ovs —MD6L 190 ovs
Lm—sg 09a Vs ] — Vs _ Lm_su 000 Vs
D59 T2 ssa avs — 2vs o1 4 —Mpss BT esa avs
ps; T ] 859 S Twps; T 539
e 250 z30ina 5 z30ina — e 250 zaoina
950 T03oina ] g 030/Na I —MDS6 950 030/na
t5 1 ssa g Twss—E5T oeq
o1 vea S 54 T 1 vsa
05T €50 8sda/N4Y —M Lg; €50 8s0a/N4Y —M Lg; €50 8sda/N4Y
DS2__ - esa 15dain4y — LFFT‘ zsa 15dain4y ! LFFT‘ zsa 15dain4y
LZ.V.T_ 150 950a/ESO - LZ.V.T_ 150 950a/ESO ] LZ.V.T_ 150 950a/ESO
L.m_ o0sa ssdan4y —M L.m_ o0sa ssdan4y —M L.m_ o0sa ssdan4y
49 e 6va $SOATSO i 49 51 6va $SOATSO 49 51 6va $SOATSO
st 8va £s0a/N4Y jﬁ seT] 8vd £50a/N4Y jﬁ seT] 8vd £50a/N4Y
FoT Lvd 250aresd q Dar o 1va 2s0aresd Dir oo zva 250aresd
=0T 9va 1S0aIN4Y d 4 sor] 9va 1S0aN4Y 4 sor] oY 1S0aN4Y
Tor{ Sva 0500/0S0 3 j Tor] Svd 0500/0S0 j Tor] Svd 0500/0S0
— vva — vva — vva
mfﬁ'r era 499 I 7ev 5 y mfﬁ'r era 499 I 7ev 5 y mfﬁ'r eva £82
5 wa 980 (oo P : 5 2va 980 [oer P : 5 2va 980
76| 9 S99 501 PD4 D4 76| 9 S99 5ot PD4 D4 76| 9 589
S 0va V80 Lo P D40 5 ova V80 Lo P D40 5 ova v80
€80 —M 660 €80 —M 660 €80
bss 6] o9 D3 75|
D38 P81 geq e [52 Dl —woss T8 geq e [52 Dl —MD38 721 eea 280
D37 50 180 D D37 50 180 D D37 50 180
76| 44 P D36 76| 44 P D36 76|
S — 080 (£ —pse 21 oea 080 (£ — D36 7= ota 080
D35 o sea —MDss o sea —MD3S 2 seq
53| r&d T e e on [ET ] e e on
pi i picis pi i picis 75| &89
ok e 20N T ot e 20N 7 ok o0
77 '&d Q0N It D3 77 '&d Q0N et D3 77| &d 208
D —r oca 00N [t T — 00N [t B o 201
b2s oz 8 20N Tt “wpzs 5z 8 20N Tt —Mpos 52 84 00
D8 eea 20A D28 eea 20A 028 eea 20A
L2a 20A 120 oon L3t L2a 20n
r%— 9za 201 Eg —M % 920 oon (2 W % 9za 207
poa 0z &0 N7 ® T — N7 o T — 200
vza oon fee—o4 & vza 0N g4 8 vza 20n
H £2a 00N 27 S —M H €20 00N [ 8 W H €20 20A
por 95| &9 RN 2 Ty o RN 2 G r— o 21
D20 o5 1ed 20N 5 T Q0N |7 e 3 2a 201
blo 09 ] % 20N oz “wpio 09 ] %9 0N oz —Mpig 09 ] %9 00
610 20A 610 201 610 201
fsr 810 oon [t o D18 E‘SF 810 oon [t o Das8 E‘SF 81a 20N
5 410 9 5 410 9 5 410
55 91d ON > 55 91d ON > e 91d ON
57 S1a oN 5 §1a oN 5 510 oN
51 v1a oN 5 v1a oN o 5 v1a oN
7 €10 oN 71 £1a oN Y 7 €10 oN
5 ¢1a ON 5 ¢1a ON s 5 ¢1a ON
57| 11 DO 5 5 =7 T1d DO 5 5 57 T1d DO
1 01a 00 Lo 7 010 00 Lo 7 010 03N
£ 6a 439NN £ 6a 439NN £ 6a 439NN
8a 339NNa 8a 339NNa 8a 339NNa
TT D TT D TT
o 2a D | o 2a 0 [eor o 0 40
9a o0 | 9q o0 9a 0
sa DI 2o sa IO 2o sa I
va 00 {7 va o0 (5 va 040
= €a = €a = €a
+ 20 + 20 + 20
T g £33 su g D T 09 £33 su b D T 09 £33 su
7] g8g 27 3 7] g8g 27 g 7] €88 27
ogumyvereeId gD o) odNmIverne IO 93D 4 odNmsveroa oS 93D
((%(((((((((((DD ((%(((((((((((DD ((%(((((((((((DD
I L ol SRARS o N NARRS ]
HH Y geey A 3 st A
555 % X555
00O O [SESRSRE)
[ayajaiyal [a)ayaya)
nnun “a nununn
d 9
g k- g
3| 3|
MARMAMARL L Y
NARRARRARNARY § = o
22923283 83<Lsg
SSS33:533:s3

§§ DCIK11

SDCLK8
SDCLK9
SDCLK10
SDCLK11




9T [ oT uww_._m 8661 9T Repuow oreq

7AW 0Jlody VIA
JAqUINN JuaWINd0q

a2

SL1O71S 210d ® TI0d

VA

“ONI 'S3I90TONHOIL VI,

ALV Ty ENZ:ER
ALV ovTg 935"
ALV SvTg gg93d
RrAA G ige] TIND- DI o £ FOSIOVZd
ALV 174%:] pieJenrcy
T 8vTd O0INS- T ST v90382d-
ST ESTd T 9INF STT T oI5
€30A
ALV [Ac12:] O dINF ALV 44251 TISATT
T (122 1038~ T iy ) VOAOVTd- ALV 151 g JINF ALV wig ATEI-
T 85T 0038~ T 212 v9038Td- ALV [U22) Vv gINF ALV ovTg AQar
v v v A4
= ¥2T_101S”10d = = ¥2T_101S”10d =
+ T SN + T SN
e N [ e N [
#9034 HYDIOV #9034 HYDIOV
v903dcd- oT’ YONOVLd- v9038Td- oT’ VOAOVTd-
00y TTT %u\wi,, Ao\_vwwm oy TaV TSy 0dy 00y TTT A%n_\w>m+ Ao\_v“/%_m oy TaV 1V ey
zay ano TSy 2a V' 2avy ano
aV 50T | 0TT qaV 0T | 0TT i
ano £avy ano £avy €a Vv IT'SY
70T [ 80T tTqV I 70T [ 80T tTaV v 1T
vay say TSy ¥V vay say saV IT'SY
va v 50T - [ 90 Sa v ey = va_ v 50T - [ 90 Sa v
o v o 99 AEEH L X TS 90V, Ty sor 99Y NEe+ X _
Mot AEE* Lav | T ~ Mot AEE* Lav | T WW 14V TITSY
s 5 03810 8QV |55 Y TSy 0380 s 55| 0#38I0 8QV o Y 8a Vv IT'SY
6ay ANO |- TT'S'Y 60V 60y aNo |- |
avil = lane otav L2 —— |v OVl Slane otav L2 —— o1V TS
TIav z1av TSy 110V TIav z1av ZIav IT'SY
TTa ¥V €6 | 76 cra v ot - TTa ¥V 6 | 76 cra v
A 5 ETY aNo Lox TSy €10V i T5 €10V ano Lox _
K Aee+ v1av (o a v K| Aee+ v1av (o a v vw yIa Vv TU'SY
sTav 143810 = TSy STQV sTav 143810 = Yiae o sy
STV 8 " 88 38 0 ot STa vV 8 " | 88 38 0
= g dvd AEEF o X TS dvd)) Jg g dvd AEEF e
o L) #4943 . | —— 1 ano #4943 — Wy3s- TS
X5 ross neer LT85 g5 X5 ross o IEIS
57 INoas #u3d (o Tra— 57| INoas #d3d (oo mmum.|vw y¥3ad- 1T
X7 AeE+ #1007 L7 P01 AEE+ #1007 |7 P01 vv 001d- TT'v
ToTE 57 #dO1S aNo L TS dO1S-) SOt 57 #dOLS aNS L
ano #13SA30 T ano #13SA30 morag—) 13SA3a- TS
XN MM #AQUL AEE+ lmmlx TS AQHL) ToaT MM #AQUL AEE+ |WTA
- ano #AQHI - - ano #AQHI ——» AQil TTSY
69 07 AQEr ot 69 07 AQEr
ST 79| #ANVE N — TUSY ANV SrTeET 9| FANVE aNo Lo |
H—gg| AEEF 243800 [ =y Mg AEEF 243800 [ =y z3g 0 IS
9tav 1av TSy 91a V. 9tav 1av > L1aY TSV
ITqV €9 oy V9 TIaVv o VK ITqV £9 79 TTa v
Ty 9 81V AEEF Lo TT'SY 810V =q 5 81aY NS Lo _
e AN 61av (<o T 7z ONO 61QV (& T 610V TI'SY
ozav Tzav TT'SY 02a v ozav Tzav TZaV TTSY
020V 75 8% TV o a 020V 75 85 TZaV
v 5 eV ONO |r TSy 22a v e oo Zeav AN _
Mg EE* £2QY (= = Mg EE* €20V (o Yy vw €2a Vv TUSY
TT'SY 020V J3sal #3810 = TT'SY 6TA Y J3sal #3810 ——yt3s- o sy
020V WAl R pECEEo o AP [ 244 vl 4] LR
Y o veav AEE+ e TS ¥ed V. Foav 5 reav AEE+ ==X _
ano szav ano szav SZaV TUSY
—— " 19zav rzav [27 Sy TS 920 V) v 1 9eav rzav |82 Sy WW ledv TUST
2 2 caav o, - 9ca v 2 2 caav
R ] 8eav ano (= TT'SY 820V v 7 82av ano [ |
Mg NEEF 620V (= T B MX—gp{ NEEF 620V (=7, T 620V TU'SY
T 5 08V TEQV [ Uy TUSY 080 V) T 5| 08V TEQV (57 Uy TEAV TTSY
D B AGEEEL] (omns+ D B ASEEES] (omns+
p——g— ONO #03Y — T > 103 ¥ p———{ OND #03Y Foe TogT >> 0034- ¥
¥ TLINO- TN e LN ano = 7 OLNO- OIND- s LNO AND e
(oMmns+ 10 >> 010 £ (oMns+ Pl >> 01010d £
TE € T e TE € [Xpelier:]
RSl o #Lsd AND [ LTTT'S 1S¥IDd-)) TInT 55 sy aNo
N5 aINuISTY Q3NGISI L ¢ M5 AINISTY Q3INGISI Lo ¢
55— GND aNo Lt 4 5 ONO ano L5
H—gs{aND aND (o — ——5 aNo ano —=—
M5 QTSI Z#INSHd M5 aINISTY Z#INSYHd
&7 (omns+ Q3AYIASIY &7 (oMmns+ [ENNSELCER]
M7 GINIS T T#LNSYHd M| GINIS T T#LNSYHd |
NS+ #QLNI NS+ #QLNI a dINF TT'S
#OINI #GLNI TT'S'E R m #OLNI #ELNI R 's
#YINI NG+ s S HINT F #YINI NG+
NG+ NG+ NG+ NG+
H S, s> ¥ v ¥H% sap>] &
AZT+ MOL = AZT+ O NZT+ MOL =
{ #1S¥L AT LY ONZT- MX—p #1suL AT LT ONZT-
2rod Tod




v T B 'y z T T
o 50 BG6T 0T TEPUON
or T T El j —r r
7AW 0Jlody VIA T 97Ty TINOVET ¢ imx 00s ¢ Rmm AQEHIC!
JaquINN Juswno0d . )
NTT 7T FI0TET Hrdg MLy Hrdg MLy
INOY W3LSAS B SLOTS VS| B LO1S EI0d - FY
joa N
VA <o
“ONI ‘STID0TONHOAL VI \ _
DOBTE NowS :xc"“ 150 [4192:11 AT vI1g 9TSO0IF
9 SONOU->———=mog—729 22 v
> > E +—dgol Foso————Trom— ST g JTSONIR—
.1 JE———
4 LENY orNY gl ST p2ae:} ASTEETE—
EA
w« Tﬂq ot oo sO 5T O
dn
> T o [ s ool ———on— T
v |ﬁ|$: oTvS 5
w« agolmZvo 90oar S
1 24 BvS B
X 17 T v BENY B6ENY |
WX 07 ] 3 & X ards LY B0 508 drde MLy
sox—er{d W 7 S —t1 +—mlFmp——om—
™ pas o & TVS TTaS
[4%) G ca [ T W €odr ALV |7AR:] 60dr
e 00 o [T ™ STV BTE o
oq T T VS TN TNy
BT Hrd8 LY
o] ALV 99Td 03gaq ALV oTg vrodar
LR
St ALV SoTd 90380 T v STOdr
T 7 [4192:1
9 LAS ) ALV voTg 50390 S y TTOdr
EvNY ety e
s P i, Urde MLy Urdg MLy prad )0 o= Nl N
1 g Ta
T wm w« T 7S ST T 20390 — R o
Q. '
MM €8 v M 7O ALV 19189 10380 v "€ vOdr
8 WiF e TS SO
am P 9q = ¥21_101S”10d prag 09Tg 003890 T LYY T o
1 R - T < TENY
5T At NSt 5 urds LY
B ot st st L3
- #7903y #YINOV
7O0IHES T O+ (omns+ [ -
oT'S'Y ogm«W T T mm« DHMM Z TV > 1V 0TS -
0TSy 2V _ -
7V 50T | oTT - e pe
_— o) (v Sav [T TR 5 orer S e— 1 R o s
orer wmn«W L2 SO oqv reer [200¢ sav 9 £10s o EL e =
STV o] nere Lav [ 70 - L@V OT'SY 9 2108 12 510 sial ¥ L03ua 9
oT's'y omm.lov 0438/0 8av T 8a'V 0T'S'v 9 110S T 10 v1a 75 STV vv 20va- 9
03 56| oot sav 9 otas Te—e £10 era [ SORT 5 9034a 9
9 005 - & o e — oL s ) vwv_%mqm_w._% 0
0T'S'y 60V 6av e e — _ 9 84S 5T T Ao = =Te
2 v .||mam1 ane otav [52 — 0107V oT'SY 9 MWEN L 010 ol T biova 9
or'sy :n_|<w — o Trav zrav [ e~ ZIaV 0TS 9 UNIW ] 2 87 ey vvvwv_www_w._o@@
oT'S'y €10V €1av ano _ v TR .
TV e Aeer viay lgmm — vw vIdV oT'Sy —  Swe—H e DR 77N vToMl 2T9
orsy SIgv SITV pi mﬁ.« Hmm% 88 a5 13870 0TSy o 02V BTV mw mm 4 STOST WMWM“ N;
oT's'y wvd X N > T
R avd .||nm|nm| ano #4u3s qgs——) WIS 0TSy 9 Tevs m« %) va |55 ToET TIOMl 9
X—g #08S Aer LoE i 9 eevs 7o9S e © B s OO 10U 9
anoas #d3d ) e 0 9 mw<mmv|ﬂuq]| ) At R 8Tso0r 9
X heer #1001 L ST vvv 00T Oty ® Mg ©° 19 T ———gTSomaw Y IS 9
ovSY d0Ls") dOIS o smsnsa [ 13sA3C- OT'SY
oT'S'y AQHL-Y T #AQuL Neer f T 21 ovs Tev 168 |
[l N—_ VY #aau [ g Agur otsy a s oey 068 gy POa L9
ovsy vy TS e esmo 59 2380 orsy o v ey s ¥ a— S 38 9
0TSy 91V g1av 1av [ 2 5y 11a v 0TSy T vvs ey rea [52 AL oL 9
or'ey wEu«W oy 9] grav reer ¢ Tav 71 ovs e oy gea 52 e NG 9
sV 11l 19 lane stav [ 6107V 0TSy T ovs sev sea |52 S £0ul 9
g B 55| ozav Tzay [0 LA T2qV 0TSy T Vs ey vzg vOul 9
e mwMu«WA 4 5 1 zzav ane |ﬁ|q1 reav 1 8vs 2v €28 ﬂ Lzl SOul 9
TV ] e £2av 3> €20V 0TSy 2T 6vS [V el 90uI 9
g B T3sal e#38/0 [ 02 ey 38-0 0TSy Z1 orvé T2y Tz8 20u1 9
oSy Ted v Te0Y e [25 T [z O -
0TSy vZa V. 15 1 veav neer [T 5¢ _ 2T T1vS, ooy oea [ 53 oD A0 sAS 9
veav 5% 1 ano szav S Seav oT'SYy T 2vs e 6TV 618 o2 =Y Hsauie- o
or's'y 92V, 2 1 ozav rzav [ &7 120V OT'SY T ETvS (42 8TV gra [ 03 SELEEEN ) 10340 9
oT's wwn.u«W oy 57 | gzav ano [V av _ T vIvs ron v L18 (0¥ v—Y Dova- 9
BOV T o] nees 62av [ 6207y OT'S T STV e oy ota oY = £03ua 9
g 2 v | ogav teav [LL 6ea v TEd Y 0TSy 9 orvs STV s18 T Eova-
oSy 0V TV 5] aanuasay (omns+ 97 v 9 21vs Bl VIV via 97 ova
TV kid J0rI
. eIV £18 -
v ZIND-D) i nmmm_ % Zoge—» PO Y 3 ores e oY z1e [ Ee— KWM_
g - 2 v -
CIND 8| (onns+ 31 wm oI DI04 L 9 zmmv —| TV i) R — RELEUS S QYVE 1
LTOT'S 1S¥I0d-3) =TT T eisy NG e — CRPT ST m—" A— Y ora [
%5 | ganuasay a3ny3S3Y 08 ¢ 9 0asY Lol v 68 [ —onzt+
NS | 5C 9 108 8v R |
ane ano [ % us av e
ane ane 9 zas$ LS AT
eETNERER] zZ#INSHd [C 9 £0as’ 505 o 98 ¢ Z035a > 2d3dad 9
(omns+ a3andas3y |-¢¢ 9 yas$ ov s8 55 —ons-
& va O
NEINESEN THINSHd [ X _ 9 sa5% s a4 va b —— > 60Ul 9
NS+ #QLNI = O _YINI- 0T'S’e 9 9as .
or's HOINI HAINI RS WW VOUINF 0TS 9 1asH—— T Tlov o M- = Y
oT's #YINI NS+ |7 9 v_oxoo_.vquxj v 18 o
NS+ AS+ -
1aL oar [FF [ ]
SWL ane
AZTH oL [ ¢
#1SHL AT oAz
Tod




9T [ [43 uww_._M 8661 9T Repuow oreq

7AW 0Jlody VIA
JAqUINN JuaWIN20Qq

a2

23ai® 13al

VA

“ONI 'S3I90TONHOIL VI,

RN 68Td 03gaas

ST BTy SIgaaT
mﬁ.ollmm TS No_m‘_gmzu 3 15005 § ST Y0619 Aqg0Is
oot VT Qwas S ST TBTY AqE0Td
e TVaS tvas < v
e >y STOMl 1T'9
Fo ol S1O9T 51ovaas- s
e o s AQHOIS §
g TETS 57 2O XJEOT
5z s go0s L oS €
Fo R MOIS- §
o c e 03daas §
FR52 [ oTor
ST-00S 8 V% L P77 00aq
FTa-005 0 % & 9vdg [° o 3T Tq-qq
B LS AN o e Re[e]
ZTa-aa" [EA] o o 7T q-aa;
TT0-0Q N rag [ o FOaa
LRSI AN goNg o S aqt
50005 .”. [ o 50003
B0-aQ g .
Tema— ls¥aar ¢
a =
>
_ BTPNT P 7a ZaITaR"
€1 Q3T aH)) »
TITan BPTPNT P —oa TaIT arF
ST T4
08Ty m:mw
sved
20 P05 3% 2
gia — ¥lisvi- T
ot v P " e
7TV a5 PR 71000
TV T oa oy T3-0q
V! 2 ZT0-0q
urds e = TIVS e TT0-a05
s €s0ad- - o o] — 18004 § oV 8 T o1g_aa
SIeC] ro o TSO0d Lok 50-0Q
5 zvad Fo o] ovad § 08 ov
2vad re o e R AN )L = VS 4 50005
S 2vas Zva [ o] vad vad s, T
5 £s30s-)) S Fo FTOa——>, 7104l TT'9
Fo o} Sovaag—Y #ovadd-
ro o] Xqgorg ¢ Ad¥0id S Sved
s JOTad- "oad- S
Fo ol IO Molad- § 30 bogr———g—
oo o3uaad —, OAad ¥d = TIISVA-
m ﬁmmm R STaqd [ o 7T LA 000 mmmm m v T MM w« 5 qqq
[ALSE] P orsr TPdBEED 0 S 100d « Vs 2T g 90003
s eraad zaad s sg v
R Taqd o Za0d ! T TO-aq
s zraad T €aad s va W
o TT qad V! 2 70-0q
s Tr0ad ¥aad § €8 &V
26 TTgad i ¥3ad TS £0_00S
s oraad saad s | o
0Tgad o7 5a0d oS Zq_adS
5 60ad 9aad s | W
500d TSNY e ors 9a0d V! T3-0q
s 8aad ey Laad s 08 ov
T qad . 7! 4 0aaa
fo ot AN =) 1S¥3al- 9
T e EE] ISgaar ot lsT-ala~ags o
3al —
- T
618

AIWAN IHd




9T [ €T uww_._M 8661 9T Repuow oreq

7AW 0Jlody VIA 2 =
JaqWINN JUBWN20q 22! dozt
ANV XOve ® TANVd INO¥d mwmw [ERTEE) VOA AND VOA AN
Trdn = = 180d VOA N (&
9vdd — ) T dor
<\> € 10S}) o TTAATET B 25d0 dor
“ONI 'S3I90TONHOAL Vi 15d0 == = 9549
€ ONASAD>—7wr: a4 5 T 12 05d2 a3
. 5
v JE € ONASH D> —yxsm i2 ] N1 3 TETAAEET me——» 3078 ¢
- Nza T g
€ vas)) v TTUN BT T 2T TET AN ZET NzmEo—» NI €
Urd8 LY Urd8 LY
- i TT VOA dND TET A TET [eEL:) > a3 &
918 d 9 €add d 9
adv-d 9 yQ¥d d 9 S L B S
0Q¥d d 9 T8 d < saud d 9 er
V=N 1 ST8d 9 ocugy o pras 50T Aw VO (Z100T 18 WD oz
T 909d d 84 TT9TZENAL 3N
N g T E ECIC e R
IR TR SN d 9 SOV-—d v-d 9 = = 1d1
za¥d d 9 1Q¥d d 9
b LR AN Za9d_d NS4 8 SR ASng d 9 =
SRR LA T - XS g toeT! Foeas TIS—d
< < —aoeTFSeo IV d 2
aoeTtH—t7ao 0094 d T 706ELBNI
=  dogs toeT! F—¥ea0 uTd T 5
—aoeT 52D Ta9d_d
Zx- 8 toeT] F5eaD TINF—d T %)
—Ex—> togT! 7230 Za9dd 2
AZT- —aoer|F2zo NS d T oot
S8TY1SA tosTt FTeas qgdd .
ﬁ ﬁ , T YT'S VIS g Nacy
_ ane by et Fozas Taga g .
SNIY s1NoY - w o 9
T VNI vinoy [ £ T 2 S10 9 FOBTI BTdo squd d
ENI £1N0Y - 2usa 9
NIy ZInoy ITJEmINmnd zaxy 9 oo - S8IvVISq _
_|N|m TN TINOY Lo —5> 2090 9 ﬂ 8 TIHX-
& elnoa [2cl ML T . fﬂl A ano
I _ + 2Lnoa NG [T 2axt o H SNI SLN0Y [ - vw ™ 9
_ + Tinoa NG [ SRS oSty 9 > £1N00 enia [ T ¥1a 9
_ 20N +A NI 7LNOY [ TeTa—% TSLO 9
zLnoa ZNIg TeTE— TSLY 9
- 11N0a NG TRy TaXL 9
ENIY £1N0Y THSd 9
At a0 NIy zInoy TS 1axy 9
T o i TLNOY fer %5 7000 9
dgeg +A 20A
TNCO .
6640
o T
1d1 ovdd T ACT+
TvdD
oo TAOO
£vd0
2rdd
a3
Vel
_ - 8430  2d3
NNOO™a3OVLS 2Sd _
O S T BT TS H19 SW 9
= == [ -
o] I% TT SW TIUWATZET vIvasw—» VAV SW 9
- A .
9T MS™LSH D) T TED W s WS- § al
%o ol
to of B
—— [a] = =
: ST : ol ol esd
S Ng Md NT 9 Ly, Ly,
Mmmnﬁ_ wn_u.—- SdIT
2T aITaH) qITar 1 SoEy AT TSP A0 8 9
o of TIT I
TIaNVd T -
ST oge T Ta o [:ER | vIvaa—» Vivd B 9
5024 66T X
12
7l HYdB AL, - moazm
1
a4 mwmu.—. AN
sel mm:;i f Loy .M
not :ﬁ“ TAND nt noT 4 mm_‘ﬁ v
= = 2sd 00N
eT13] sead ¥289]  ¥110 £s4
v 2| 2=
FTIESN 19|92 F0Iqgsn
=TIaaST 4 m M - =OIaESTT Urd8 ST KRR
T g SoNd 188 <SS = = =
TS WARS wl ] ] ]
= = = = = = TId3] 21dd] 01dd mn_u._-
4 y T o o _
:SOH 31095 A :HH :HH v21 51095 o Rz - = ML WW Tivagsn s
Eo._- 7614 ozt vs_o._l ms_o._- sorp 6T amo._u ~TITEST r4 207 TIVOESN
9 100- - v — 000- 9
P10 N e W0
asnd asnd +01vaasn 9
553 vs3 F0Iagsn PIANAGIR(4:] +E<naﬁ1WW !
asn “0IqasN T2V~ 0028 -oIvaasn s, 0Lvassn 9




9T [ vl

RIS 8667 9T REPUON___9eq

7AW 0llodV VIA

Jequiny Juewnoog | ez 1IN~ aNe
a4
S1¥0d 0laNY ® 9300D OIANY L62V nZo dooor Vg,
nt- 65d0 £9d0
_ T 85dD 29dD
1¥0d INVD 199 154D 1942
o (1931)  95dD 09d0
“ONI 'S3I90TONHOAL VI g 5150
or Sl Wm% 5
T ZavT Zasr &
j21 Zaer ovE &
o173 KOV I AANNIILZA] KOVT o o
= = P s peiciy ST TZZd peiciy
OSW §
not - = = T OSW VV
nr o
zz1d] veao > nr not T AT D4 y443] X o o
z oTT VT ST [4443] VT Taac s
© zeao| Teld 0T T9ar <
o7z TawT Tave s
. 1noA NIA :
INo T oo a4
0GLITISNY T XOC 00 ,.»m%_l;.\
sdan S0 AT+ TINY
TT 510 4]
_ agot! e
LNONI 1NOT aND
by 08By
—V m-_N‘_ ial 7] &0 N s T5T SI0C 443]
{. £ ano SSVdAS
% o v NGS |
— A vino VNI
1M 3N 11 gOT Al T 4 TT SI0C ) IINOINTT
END 12
agot! g5
Lv TT 510 7443]
= = any ano
wxo._y anyane 1
ZHN9LS VT d
4 88../_.. 00t NIToIW
185] a4 T
IO hed ) W e
TTOTIA |ﬂL
5 E . | — A
1N0 11X NIT1LX anv-ane s
[4y B NI"INOHd :Bi. 8zey o
TLEY 2o doot
Ton o a4 NS gg3T -
= IO 8.0 280
oN 4338 0d U
N oI oa— I e oo NIOW
oN
. Sdan
oN 4 NICINN
oN TNCENN |=.; m Tlo RSN
_ o7 | on 4
any_ano N = = =
5 oN ano_ao NS N.200_ . N | Mv3adS
oN d_ao ALy
not T N 405 02 E[eie) mB._- TETH
T
8110 6280 ALy "
EERN . Mv3dS ET'S
4 y-o3ain CEELRer) 0czd v >
ANy aNe f— 7 LNO43A T o3ain _ _ _
sedd _ T T T
—s Lno onow N any“ans
R 2 0T ™ NINIT
GINOINTT €10 gg | ¥ Ltno AN 1xnv zTey
10— 44
TINOSNTT - [24] g | 100 3NN T “yIoLg S TINTT TTUWATGET T TV
any ano AN - -
(S 1353 o H T1S¥OV- § ———— 1 A
ST VBT 55 "V 1no vivas [IANAGIATS:) 100as & FINTT TR T
NI"v1vas 42 SToT WW “NIdS § ™o
1al ONAS v ONAS §
any_ano T
T ad N1 3N IT
] ZSSAV zssna _ _
%1 nop not :ﬂ—. nr* 57| 1SSV 1ssha not :HH :om_u any ano _
o N NNOO ™ NI"ad
6T10[ o0z1o| oead[ T1€80 STLD 8280 1710 —
o T e g s ] o w2 =
A ST | o Y4 Lw o7 aNDao ) Z _ 8
S ol e 21
sdan SAAAY T Tas T "_._.

TNI"aor TN a0




ST o & o 66T 0T REpUOW __o1eq
TT vdAWolody viA | o
IS JaqWINN JUBWN20q 22!
SYILYIANOD 00-0a = =
on
= = = 508
oved ASZ=30N
- Y not - = = oTevIL
“ONI ‘S3I90TONHOIL VI z :H :SSH 90
@mmu._- S om_.un—| Rmo._. 9T T
9o seLd 6e2
o] Lnon NIA : ._. |—|
TTITTTSAY ! A
gs ene 10 5 AS _ T ST
520N
8vese oL (U (NS ¢ "G
Joc098aN
010 ACT+
TdIH aND TdIH aND =
% ) o o )
%T v_mGH nT: ve | 40 N N N
L2y V009dIH
o & ss | e[ €€ N | 3D NO NO
puno b 01 310Jaq 13y 19601 dee 180 v - ze 40 40 NO NO
TdH QWO € 193uu00 |+ e
‘peo | ay1 KT T'08 nto 5] N2 mm“» izel 160 1 NO NO 390 NO
woJj sagesy %T AT cved A VEdT, INAAS
e edas omL 5e2y “n A4S T 0t | 40 N |odD NO
VIaA NS
i
L 2:ie) oan voan YT 62 N 40 40 N
N3sA mvn_%w__ww e .
T 82 40 40 40 NO
= ao0oomd [
o] anod 17 ) o oIS
b
ar0 97 | 40 N N | a0
€9 DANYS Y 31vo1 srX )
B TT sz N |oa0 N |30
dia = dds= dd= dds= dds= dd= dd.= dd= . e 1y
n000x 000t :SSH :SSH :ooomt_v 000t :SSH :SSH %T HT'ZT 8ve9T-OL X vz | 40 | 40 N |odD
8624 70£098aN
qm_.ul—| mﬁ.on_| mm_.unﬁ wﬁ.onﬁ E.on_| wﬁ.on_| qﬁ.unﬁ mﬁ.onﬁ e 80 [ TdiH_ano §7 ) o | E0 | 40
N
: . y mm.“\ " g IS ANO |y e | 40 N |30 | 4D
o
2N awvon Tz N | od0 | D | 4D
avesz-ol (g [y @ 7T
e e 0| 40| 40| 40| 40
6 20A
o o7 Zoh 1T z £ [2
- da = dig = = = ws
:Hw_il :ooom_“ :ooom_u nt nt | SYTYNT,
TSI Y The 713520 1008 7 5T
mmmu.—u Nm_.un—| :u.on_| ms_u._v ms_u._v T 1y
AT+
. ’ . . oot —r




oT 0 or LEEE| 8661 0T RepuON___9req
TT n_ PAAWOIOdY VIA | D
A9, JAqUINN JuaWNd0q 2zl
SHOLIOVdYD SSYJAS/HIMOd XLV s punoyy
VA
“ONI 'VIIDOTONHOIL Vi
]qqqﬂwTﬂ_ﬂ s EAE
VIO
890 - .
= Lzizie
= BED
Nl = m a5 24k}
TOT7 2510 N BTND N
11 moT7 T vIO ¥ 680 V80
oT/ T 151 N BTAD .
| ot/ 7 9EI0 0680 9780
—ri oz N 7990 )
ToT) 271D t—nr —gas 7kzie)
——nrt oz N 0990
_0 ToooT? I 8VI0 m%0> m%0>
S7200N ) | = SIS
__Ew“ P10 T o 85 punow
= Yl t—ooor) e —nri—za—
TOT7 ™ SVI0 N
b Too0T7 7510 B85E0
M ualan-o L = = L
as ene | | (44410 580 8880 77580
T I '
= P CIND 7980 1 2690 0580
i m '
o +——r —r—t TS ITD 1 —Tea1 L Zeicio)
NS .« | Tl FOTND TTWND 7zt —nr oot
== L L
b _ TN G980 9880 8580
L L
P P L Eig:ie) 9d0 5880 1980
A S mrE— &
= ijz:le) TS €00A
a_”w v V780 (440 m%0>
M o o fe)
AT+ 200A €30A €30A
aN punoyy
£l
%T %59 50T
E.u|_| oot mmo._. Taz - o5ey
S’ Q009 Md ) —N . ANy——> MSTLSY €T > 2do §
Syed ey
AT
%T MBY'E 62y
Lyed
= NNOO ¥Md X1V =
T T Cuovch pocELaNN
O] géhs ne [ gsLo 3 >IT
5 BT
O-Md NS A NO¥Md S
oy 009 5 ano ane [ BT g o NI
0 S ano
ved ano ano
nS NO-Sd .
ano ano
AEE AZT-
AEE AEE
" . " "t "L ™ 8e1d 15| T80 PN
.&s_._u Emu.—- mamu.—u mm_.onﬁ orLd \—1 \—1 ._y ovzu
O (e] o]
y & ~  E00A v AZT- NG a5 AS
AT+ a5 AS




/% imotagies, inc VT8501 Apollo MVP4 Design Guide

Ps1 e | kg
. E'Bgﬁsz; m| Ay % S
:
fs1 EEE @ 2
g § ol [0, Ding [v]
&= . =z,
USBT ay & it \& T
oo m o 9 L 61 G is :l:
o B B {1 e - =
=
L 5 e | : | 1
o =
@ 8 HERHER E3 B3 22 = x4y ] ag%
o Jm@ : Holeoongeseld | X |B q 5 S
! ' 2 | S B an
Yalm R, | =
q z o - ke
Y o ax Bi= V=
=2 =
o Gmuawumx—,x-‘:zn.az'h—:::x’N&sgeaaeiaﬁdEé g:. g
B o=
[
s -8) x-m]

e 5 NN
B a7 i
"‘mmmsms i
) axxzs _ W gmg
) EEEEEER E, 5
0
a

[ < ]

o962

€866
64KX64

CEEEEEEEEE |CEEEEEEEE
B AHAE
ECEREEERELT | BRECERCEEE Ak F.,:

+
& H §
ol [~ & e
E R E§ : : se3y 3
L 128 aa H d 3 =2 ,"
8 ® . =4 EHE
T =B, g T s EXEIHE — 1062
» 3 y a = il 0 0] — N
S N 00000000000000000900000000 E IDE2
99899292928229999298923989 o
99399392923229292929292923¢ f
2008050990395929359529332¢ .
229923292 9393392328
! : ¢ g s
mzr m CON2 2839 299299 B 2
ot coga 288528
= 2388
28 000000 °933 4
000
99909
HH
283
HH
22

]
= §
ﬂ :? g
ZHREE g2
2I§E§ﬂ HiH

Figure A-1. Apollo MVP4 Reference Design Component Placement
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Appendix F - SPKR Strapping Application Circuits

Power-up strapping for the VT82C686A SPKR pin (pin V5) determines the function of the Secondary IDE disk data bus pins
(SDD[15..0]) to be either SDD[15..0] (SPKR strapped low) or Audio/Game port functions (SPKR strapped high).

The speaker drive circuit commonly used in PC motherboards uses a fairly small base resister (on the order of 22 ohms) into t
base of a transistor driver. This circuit, however, results in too low a voltage on the SPKR pin for the strap pull-uporesisto
overcome. In this case, power up reset will always detect a low signal. Therefore, either of the two application ciwouits sho
below in figures F-1 or F-2 should be used to insure that both high and low strap levels are detected properly.

JSPEAK | SDD Function ;
12 Audio/Game . Jumper Strapping circuit
2-3 SDDJ[15..0] VCC3 VGG
JSPEAK I ?
. RE
SPKR i 3 4.7K ohm 100 ohm
- 1
Header 1X3 = 3
VT82C686A % L] sveaker
(South Bridge)
2K ohm
Q1
3904
Speak circuit 1

Figure F-1. VT82C686A SPKR Pin Transistor Driver Solution

Jumper Strapping circuit
VT82C686A
; VCC3
(North Bridge) JSPEAK
E 1 1K ohm ? JSPEAK | SDD Function
SPKR |2 ol 2 ko 12 Audio/Game
E 8 1 23 SDD[15..0]
Header 1X3 =
2K ohm 1 2 22 ohm

Speaker
74HCTO5

Speak circuit

Figure F-2. VT82C686A SPKR Pin Inverter Driver Solution
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