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Purpose
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Summary
This document contains a specification for core logic chipset and VUMA devices hardware interface.

It includes logical and electrical interface specifications. The BIOS protocol is described in VESA
document VESA Unified Memory Architecture Standard - BIOS Extension Specifications Ver. 1.0.
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Scope

This document contains a specification for core logic chipset and VUMA devices hardware interface.
It includes logical and electrical interface specifications. This document cannot be considered complete
or accurate in all respects although every effort has been made to minimize errors.

Intellectual Property

© Copyright 1995 — Video Electronics Standards Association. Duplication of this document within
VESA member companies for review purposesis permitted. All other rights are reserved.

Trademarks

All trademarks used in this document are the property of their respective owners. VESA and VUMA
are trademarks owned by the Video Electronics Standards A ssociation.

Patents

The proposals and standards developed and adopted by VESA are intended to promote uniformity and
economies of scale in the video electronics industry. VESA strives for standards that will benefit both
the industry and end users of video electronics products. VESA cannot ensure that the adoption of a
standard; the use of a method described as a standard; or the making, using, or selling of a product in
compliance with the standard does not infringe upon the intellectual property rights (including patents,
trademarks, and copyrights) of others. VESA, therefore, makes no warranties, expressed or implied,
that products conforming to a VESA standard do not infringe on the intellectual property rights of
others, and accepts no liability direct, indirect or consequential, for any such infringement.
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Support For This Specification

If you have a product that incorporates VUMA ™ you should ask the company that manufactured your
product for assistance. If you are a manufacturer of the product, VESA can assist you with any
clarification that you may require. All questions must be sent in writing to VESA via:

(Thefollowing list is the preferred order for contacting VESA.)

VESA World Wide Web Page: WWW.vesa.org

Fax: (408) 435-8225

Mail: VESA
2150 North First Street
Suite 440

San Jose, California 95131-2029
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1.0 Introduction

The concept of VESA Unified Memory Architecture (VUMA) is to share physical
system memory (DRAM) between system and an external device, aVUMA device; as
shown in Figure 1-1. A VUMA device could be any type of controller which needs to
share physical system memory (DRAM) with system and directly access it. One
example of a VUMA device is graphics controller. In a VUMA system, graphics
controller will incorporate graphics frame buffer in physical system memory (DRAM)
or in other words VUMA device will use a part of physical system memory as its
frame buffer, thus, sharing it with system and directly accessing it. This will eliminate
the need for separate graphics memory, resulting in cost savings. Memory sharing is
achieved by physically connecting core logic chipset (hereafter referred to as core
logic) and VUMA device to the same physical system memory DRAM pins. Though
the current version covers sharing of physical system memory only between core logic
and a motherboard VUMA device, the next version will cover an expansion connector,
connected to physical system memory DRAM pins. An OEM will be able to connect
any type of device to the physical system memory DRAM pins through the expansion
connector.

Though a VUMA device could be any type of controller, the discussion in the
specifications emphasizes a graphics controller as it will be the first VUMA system
implementation.

Figure 1-1 VUMA System Block Diagram

PCl Bus

VUMA
CPU ¢ > Core Logic <t - Device

(e.g. Graphics
Controller)

Physical
System Memory
(DRAM)
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2.0 Signal Definition

2.1 Signal Type Definition

in Input is a standard input-only signal.

out  Totem Pole Output is a standard active driver

t/s Tri-State is a bi-directional, tri-state input/output pin.

glt/s Sustained Tri-state is an active low or active high tri-state signal owned and
driven by one and only one agent at a time. The agent that drives an /t/s pin
active must drive it high for at least one clock before letting it float. A pullup is
required to sustain the high state until another agent drives it. Either internal or
external pullup must be provided by core logic. A VUMA device can also
optionally provide an internal or external pullup.

2.2 Arbitration Signals

MREQ# in MREQ# is out for VUMA device and in for core logic. This
out signal isused by VUMA device to inform core logic that it
needs to access shared physical system memory bus.
MREQ# is driven by VUMA device on a rising edge of
CPUCLK. MREQ#is sampled by core logic on a rising
edge of CPUCLK.

MGNT# in MGNT# isout for corelogic and in for VUMA device. This
out  signal isused by core logic to inform VUMA devicethat it can
access shared physical system memory bus. MGNT# is
driven by core logic on arising edge of CPUCLK. MGNT#is
sampled by VUMA device on arising edge of CPUCLK.

CPUCLK in CPUCLK is driven by a clock driver. CPUCLK is in for core
logic, VUMA device and synchronous DRAM.

2.3 Fast Page Mode, EDO and BEDO DRAMs

RASH glt/s Active low row address strobe for memory banks. Core logic
will  have multiple RAS#s to support multiple banks. VUMA device
could have asingle RAS# or multiple RAS#s. These signals are
shared by core logic and VUMA device. They are driven by
current bus master.
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CAS[n:Q]# dt/s Active low column address strobes, one for each byte lane. In

WE#

OE#

MA[N:0]

M DI[n:0]

case of pentium-class systems nis 7. These signals are shared by core
logic and VUMA device. They are driven by current bus master.
slt/s Active low write enable. Thissignal is shared by core logic
and VUMA device. It isdriven by current bus master.
slt/s  Active low output enable. This signal exists only on EDO and
BEDO. Thissignal is shared by core logic and VUMA device.
It isdriven by current bus master.
slt/s  Multiplexed memory address. These signals are shared by core
logic and VUMA device. They are driven by current bus master.
t/s Bi-directional memory data bus. In case of pentium-class
systems n is 63. These signals are shared by core logic and
VUMA device. They are driven by current bus master.

2.4 Synchronous DRAM

CPUCLK

CKE

CSH

RASH
CASH
WE#
MA[N:0]

DQM[n:Q]

M DI[n:0]

in CPUCLK isthe master clock input (referred to as CLK in
synchronous DRAM data books). All DRAM input/ output

signals are referenced to the CPUCLK rising edge.

glt/s CKE determines validity of the next CPUCLK. If CKE is high,

the  next CPUCLK rising edgeisvalid; otherwiseitisinvalid. This
signal also plays role in entering power down mode and refresh
modes. Thissignal is shared by core logic and VUMA device.
It isdriven by current bus master.

slt/s CS# low starts the command input cycle. CS# is used to select a
bank of Synchronous DRAM. Core logic will have multiple

CS#s to support multiple banks. VUMA device could have a single
CS# or multiple CS#s. These signals are shared by core logic

and VUMA device. They are driven by current bus master.

glt/s Active low row address strobe. This signal is shared by core

logic and VUMA device. It isdriven by current bus master.

slt/s  Active low column address strobe. This signal is shared by core
logic and VUMA device. It isdriven by current bus master.

slt/s  Active low write enable. Thissignal is shared by core logic and
VUMA device. It isdriven by current bus master.

glt/s  Multiplexed memory address. These signals are shared by core
logic and VUMA device. They are driven by current bus master.

glt/s  1/0O buffer control signals, one for each byte lane. In case of
pentium-class systems n is 7. In read mode they control the

output buffers. In write mode, they control the word mask. These

signals are shared by core logic and VUMA device.They

are driven by current bus master.

t/s Bi-directional memory data bus. In case of pentium-class

systems n is 63. These signals are shared by core logic and
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VUMA device. They are driven by current bus master.

3.0 Physical Interface

3.1 Physical System Memory Sharing

Figure 3-1 depicts the VUMA Block Diagram. Core logic and VUMA device are
physically connected to the same DRAM pins. Since they share a common resource,
they need to arbitrate for it. PCI/VL/ISA external masters also need to access the same
DRAM resource. Core logic incorporates the arbiter and takes care of arbitration
amongst various contenders.

Figure 3-1 VUMA Block Diagram

PCI Bus
CLK Gen |
la CPUCLK >
la MREQ#
Host Addr & Cntrl
< > MGNT# > VUMA
CPU Core Logic @ D?;Y;Cﬁics
¢—HostDataBus MA[N:0] >l MA[n:0] (';gc',mrd?g)
Mem Cntrl - Mem Cntrl
Main VUMA
Memory
A Y (e.g. Frame Buffer)
Physical |
System <
Memory Optional Aux > 0S
(DRAM) VUMA Memory Mérﬁory
\
R4

Memory Data Bus i

As shown in Figure 3-1, VUMA device arbitrates with core logic for access to the
shared physical system memory through a three signal arbitration scheme viz.
MREQ#, MGNT# and CPUCLK. MREQ# isa signal driven by VUMA device to core
logic and MGNT# is a signa driven by the core logic to VUMA device. MREQ# and
MGNT# are active low signals driven and sampled synchronous to CPUCLK common
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to both core logic and VUMA device.

Core logic is aways the default owner and ownership will be transferred to VUMA
device upon demand. VUMA device could return ownership to core logic upon
completion of its activities or park on the bus. Core logic can always preempt VUMA
device from the bus.

VUMA device needs to access the physical system memory for different reasons and
the level of urgency of the needed accesses varies. If VUMA device is given the
access to the physical system memory right away, every time it needs, the CPU
performance will suffer and as it may not be needed right away by the VUMA device,
there would not be any improvement in VUMA device performance. Hence two levels
of priority are defined viz. low priority and high priority. Both priorities are conveyed
to core logic through a single signal, MREQ#.

3.2 Memory Regions

As shown in Figure 3-1, physical system memory can contain two separate physical
memory blocks, Main VUMA Memory and Auxiliary (Aux) VUMA Memory. As
cache coherency for Main VUMA Memory and Auxiliary VUMA Memory is handled
by this standard, a VUMA device can access these two physical memory blocks
without any separate cache coherency considerations. If a VUMA device needs to
access other regions of physical system memory, designers need to take care of cache
coherency.

Man VUMA Memory is programmed as non-cacheable region to avoid cache
coherency overhead. How Main VUMA Memory is used depends on the type of
VUMA device; eg., when VUMA device is a graphics controller, main VUMA
memory will be used for Frame buffer.

Auxiliary VUMA Memory is optional for both core logic and VUMA device. If
supported, it can be programmed as non-cacheable region or write-through region.
Auxiliary VUMA Memory can be used to pass data between core logic and VUMA
device without copying it to Main VUMA Memory or passing through a slower PCI
bus. This capability would have significant advantages for more advanced devices.
How Auxiliary VUMA Memory is used depends on the type of VUMA device e.g.
when VUMA device is a 3D graphics controller, Auxiliary VUMA memory will be
used for texture mapping.

When core logic programs Auxiliary VUMA Memory area as non-cacheable, VUMA
device can read from or write to it. When core logic programs Auxiliary VUMA
Memory area as write through, VUMA device can read from it but can not write to it.

Both core logic and VUMA device have an option of either supporting or not
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supporting the Auxiliary VUMA Memory feature. Whether Auxiliary VUMA memory
is supported or not should be transparent to an application. The following algorithm
explains how it is made transparent. The algorithm is only included to explain the
feature. Refer to the latest VUMA BIOS Extension Specifications for the most updated
BIOS cdlls:

1. When an application needs this feature, it needs to make a BIOS call, <Report
VUMA - core logic capabilities (refer to VUMA BIOS Extension Specifications)>,
to find out if core logic supports the feature.

2. If core logic does not support the feature, the application needs to use some aternate
method.

3. If core logic supports the feature, the application can probably use it and should do
the following:

a. Request the operating system for a physically contiguous block of memory of
required size.

b. If not successful in getting physically contiguous block of memory of required size,
use some alternate method.

c. If successful, get the start address of the block of memory.

d. Read <VUMA BIOS signature string (refer to VUMA BIOS Extension
Specifications)>, to find out if VUMA device can access the bank in which
Auxiliary VUMA Memory has been assigned.

e. If VUMA device can not access that bank, the application needs to either retry the
procedure from “step a’ to “step c” till it can get Auxiliay VUMA Memory in a
VUMA device accessible bank or use some alternate method.

f. If VUMA device can access that bank, make a BIOS call function <Set (Request)
VUMA Auxiliary memory (refer to VUMA BIOS Extension Specifications)>, to
ask core logic to flush Auxiliary VUMA Memory block of the needed size from the
start address from “step ¢’ and change it to either non-cacheable or write through.
How a core logic flushes cache for the block of memory and programs it as non-
cacheable/ write through is implementation specific.

g. Use VUMA Device Driver, to give VUMA device the Auxiliary VUMA Memory
parameters viz. size, start address from “step ¢’ and whether the block should be
non-cacheable or write through.

3.3 Physical Connection

A VUMA device can be connected in two ways:

1. VUMA device can only access one bank of physical system memory - VUMA
device is connected to a single bank of physical system memory. In case of Fast Page
Mode, EDO and BEDO VUMA device has a single RAS#. In case of Synchronous
DRAM VUMA device hasasingle CS#. Main VUMA memory resides in this memory
bank. If supported, Auxiliary VUMA Memory can only be used if it is assigned to this
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bank.

2. VUMA device can access all of the physical system memory - VUMA device has as
many RAS# (for Fast Page Mode, EDO and BEDO)/CS# (for Synchronous DRAM)
lines as core logic and is connected to all banks of the physical system memory. Both
Main VUMA memory and Auxiliary VUMA Memory (if supported) can be assigned
to any memory bank.

4.0 Arbitration
4.1 Arbitration Protocol

There are three signals establishing the arbitration protocol between core logic and
VUMA device. MREQ# signal is driven by VUMA device to core logic to indicate it
needs to access the physical system memory bus. It also conveys the level of priority
of the request. MGNT# is driven by core logic to VUMA device to indicate that it can
access the physical system memory bus. Both MREQ# and MGNT# are driven
synchronous to CPUCLK.

As shown in Figure 4-1, low level priority is conveyed by driving MREQ# low. A
high level priority can only be generated by first generating a low priority request. As
shown in Figure 4-2 and Figure 4-3, a low level priority is converted to a high level
priority by driving MREQ# high for one CPUCLK clock and then driving it low.

Figure4-1 Low Level Priority

A 2 3 A — . S 8 )
crick _/ Y/ Y Y
MREQ# 1 T\

Figure4-2 High Level Priority

CPUCLK

MREQ# TN/ T\

Figure4-3 A Pending Low Level Priority converted to a High Level Priority
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CPUCLK

MREQ# —\ l l l l /—\

4.2 Arbiter

The arbiter, housed in core logic, needs to understand the arbitration protocol. State
Machine for the arbiter is depicted in Figure 4-4. As shown in Figure 4-4, the arbiter
State Machine is resetted with PCI_Reset. Explanation of the arbiter is as follows:

1. HOST State - The physical system memory bus is with core logic and no bus
request from VUMA device is pending.

2. Low Priority Request (LPR) State - The physical system memory bus is with core
logic and alow priority bus request from the VUMA device is pending.

3. High Priority Request (HPR) State - The physical system memory bus is with core
logic and a pending low priority bus request has turned into a pending high priority
bus request.

4. Granted (GNTD) State - Core logic has relinquished the physical system memory
busto VUMA device.

5. Preempt (PRMT) State - The physical system memory bus is owned by VUMA
device, however, core logic has requested VUMA device to relinquish the bus and
that request is pending.

Figure 4-4 Arbiter State Machine
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PCI_RST#

MREQ#=0

MREQ#=1

MREQ#=1
and
MGNT#=1

MREQ#=1

MREQ#=0
and
MGNT#=1

Note:

1. Only the conditions which will cause a transition from one state to another have
been shown. Any other condition will keep the state machine in the current state.

4.2.1 Arbitration Rules

1. VUMA device asserts MREQ# to generate a low priority request and keeps it
asserted until the VUMA device obtains ownership of the physical system memory
bus through the assertion of MGNT#, unless the VUMA device wants to either raise
a high priority request or raise the priority of an aready pending low priority
request. In the later case,

a If MGNT# is sampled asserted the VUMA device will not deassert MREQ#.
Instead, the VUMA device will gain physical system memory bus ownership and
maintain MREQ# asserted until it wants to relinquish the physical system
memory bus.

b. If MGNT# is sampled deasserted, the VUMA device will deassert MREQ# for
one clock and assert it again irrespective of status of MGNT#. After reassertion,
the VUMA device will keep MREQ# asserted until physical system memory bus
ownership is transferred to the VUMA device through assertion of MGNT#
signal.
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2. VUMA device may assert MREQ# only for the purpose of accessing the unified
memory area. Once asserted, MREQ# should not be deasserted before MGNT#
assertion for any reason other than raising the priority of the request (i.e., low to
high). No speculative request and request abortion is permitted. If MREQ# is
deasserted to raise the priority, it should be reasserted in the next clock and kept
asserted until MGNT# is sampled asserted.

3. Once MGNT# is sampled asserted by VUMA device, it gains and retains physical
system memory bus ownership until MREQ# is deasserted.

4. The condition, VUMA device completing its required transactions before core logic
needing the physical system memory bus back, can be handled in two ways:

a. VUMA device can deassert MREQ#. In response, MGNT# will be deasserted in
the next clock edge to change physical system memory bus ownership back to
corelogic.

b. VUMA device can park on the physical system memory bus. If core logic needs
the physical system memory bus, it should preempt VUMA device.

5. In case core logic needs the physical system memory bus before VUMA device
releases it on its own, arbiter can preempt VUMA device from the bus. Preemption
is signaled to VUMA device by deasserting MGNT#. VUMA device can retain
ownership of the bus for a maximum of 60 CPUCLK clocks after it has been
signaled to preempt. VUMA device signals release of the physical system memory
bus by deasserting MREQ#.

6. When VUMA device deasserts MREQ# to transfer bus ownership back to core
logic, either on its own or because of a preemption request, it should keep MREQ#
deasserted for at least two clocks of recovery time before asserting it again to raise a
request.

4.3 Arbitration Examples

1. Low priority request and immediate busreleaseto VUMA device
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A 2 | A B , B x , B 2
CPUCLK ‘ ‘ ‘ ‘ ‘ ‘ ‘
MREQ# } TN\ ‘ ‘ -/ l l
MGNT# ; ; N ‘ ‘ L/ 1
Bus Owner . Corelogic . X Float XA VUMADevicer X Float X ' Core Lodic
Arbiter State ! HOST DX PR X ‘ GNTD LA ____HOST

2. Low priority request and immediate bus release to VUMA device with
preemption whereremoval of MGNT# and removal of MREQ# coincide

CPUCLK ‘ ‘ : : / :
MREQ# —\ | : : -/
MGNT# \ | | | /
Bus Owner ; Core L;oqic ; X Floa:t ) § VU+\/IA Device ; A Float: A ; Core Loq;i_c
Arbiter State : HBST : X LPR: X : GNTIS : A : HOST:

3. Low priority request and immediate bus release to VUMA device with
preemption where MREQ# isremoved after the current transaction because of
preemption

CPUCLK ‘ ‘ : : / :
MREQ# —\ | | | /
MG NT# 3 3 3 \ | /
Bus Owner ; Core L;oqic ; X Floa:t ) § VU+\/IA Device ; A Float: A ; Core Loq%_c
Arbiter State : HBST : X LPR: )4 GNTIS A :PRMT : X : HOST:

4. Low priority request and delayed busreleaseto VUMA device
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CPUCLK : : : : : : :
MREQ# —\ | | | | -/
MG NT# . | | | /—
Bus Owner ; (;:ore Logic ; ; )4 Floa:t ) Vu;\/IA Device ; A Floaj A Cojre Logic
Arbiter State : HOéT : X : LPR : )4 : GN TIS : X I-:|OST

5. High priority request and immediate busreleaseto VUM A device

: 1 : 5 6
cruck _/ /L ./ /o
MREQ# \ / \

MGNT# — | \

|
Bus Owner Core Logic '+ X_Float X

VUMA Device !
I I I I I
I I I I I
I I I I I
Arbiter State L HOST . A LPR. X ‘ ‘ GNTD ‘ . A HosT

6. High priority request and immediate bus release to VUMA device with
preemption where MGNT# and MREQ# removal coincides.

CPUCLK ‘ ‘ ‘ ‘ ‘ ‘ ‘
MREQH T N\ /T O\ 1 1 _/
MGNTH# —T T\ | | 3 .
Bus Owner :Core Logic ; ) Floa:t X ; VUIMA Device ; ; ) Floa:t ) C:ore Logic
Arbiter State : HOST : X LPR: X : : GNT,S : ; X I-:|OST

7. High priority request and immediate bus release to VUMA device with
preemption where MREQ# isremoved after the current transaction because of
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preemption.

CPUCLK
MREQ# — | N/ | . ‘ ‘ _/
MGNT# | T\ /

Bus Owner Core Logic ' XA_Float X ! VUMA Device .~ A_Float_X___Corelogic

Arbiter State L HOST . X _1PR_X GNTb X ‘ 'PRMT____ . X HosT

8. High priority request and one clock delayed busreleaseto VUMA device

CPUCLK ‘ ‘ : : : : /
MREQH T N\ /T \__ 1 1 _/
o w—————_ L L
Bus Owner ; Core I;_oaic ; X Floa:t ) ; VUMA Dej:vice ; A Floa:t A C:ore Logic
Arbiter State st A R A TN X : G:NTD : :X H55T

9. High priority request and one clock delayed bus release to VUM A device with
preemption where MREQ# and MGNT# removal do not coincide

CPUCLK ‘ ‘ ‘ ‘ : ‘ ‘

MREQH T N\ /T \__ 1 1 _/

MGNT# 3 3 3 \ | /
Bus Owner ; Core I;_oqi_c ; X Floa:t ) ; VUMA Dej:vice ; )4 Floa:t )4 C:oreLogic
Arbiter State ot A LPR: X HPR: A GNTIS A Y : A Tost

10. High priority request and delayed busreleaseto VUM A device
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CPUCLK _, . ‘ ‘ ‘ ‘ ‘
MREG: T N\ /T \__ : : /
MGNT# —/___ ! 1 I e
Bus Owner <;:ore Loqi_c; XMXMXHO—&XMM—
Arbiter State : HOST : X LPFQ X :HPR : X : GNTlS : X I-:|OST

4.4 Latencies

1. High Priority Request - As shown in Figure 4-5, worst case latency for VUMA
device to receive a grant after generating a high priority request is 35 CPUCLK
clocks, i.e. after arbiter receives a high priority request from VUMA device, core
logic does not need to relinquish the physical system memory bus right away and
can keep the bus for up to 35 CPUCLK clocks.

Figure 4-5Worst Case Latency for High Priority Request

CPUCLK

MREOY | N~/ | \

PN A AN

\

\

MGNT# ! ! ! ! ! W T\

2. Low Priority Request - No worst case latency number has been defined by this
specification for low priority request. VUMA devices should incorporate some
mechanism to avoid a low priority request being starved for an unreasonable time.
The mechanism is implementation specific and not covered by the standard. One
simple reference solution is as follows:

VUMA device incorporates a programmable timer. The timer value is set at the boot
time. The timer gets loaded when a low priority request is generated. When the
timer times out, the low priority request is converted to a high priority request.

3. Preemption Request to VUMA device - As shown in Figure 4-6, worst case latency
for VUMA device to relinquish the physical system memory bus after receiving a
preemption request is 60 CPUCLK clocks, i.e. after core logic requests VUMA
device to relinquish the physical system memory bus, VUMA device does not need
to relinquish the bus right away and can keep the bus for up to 60 CPUCLK clocks.
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Figure4-6 Worst Case Latency for Preemption Request

o A A A

\\ !

‘ T\ l / ‘

MREO# | | | | | W\ | | |
MGNT# | TN/ W ;

Design engineers should take in to consideration the above latencies for deciding FIFO
Sizes.

5.0 Memory Interface

The standard supports Fast Page Mode, EDO, BEDO and Synchronous DRAM
technologies.

DRAM refresh for the physical system memory including Main VUMA Memory and
Auxiliary VUMA Memory is provided by core logic during normal as well as suspend
state of operation.

If VUMA device uses only a portion of its address space as Main VUMA Memory or
Auxiliary VUMA Memory, it should drive unused upper MA address lines high.

5.1 Memory Decode

The way CPU address is translated in to DRAM Row and Column address decides the
physical location in DRAM where a particular data will be stored. In the conventional
architecture this could be implementation specific as there is a single DRAM
controller. In unified memory architecture, multiple DRAM controllers (core logic
resident and VUMA device resident DRAM controller) need to access the same data.
Hence, all DRAM controllers should follow the same translation of CPU address into
DRAM Row and Column address. The translation is as shown in Table 5-1.

Table5-1 Translation of CPU addressto DRAM Row and Column addr esses

Symmetrical x9, x10, x11, x12

MA1l [ MA10 | MA9 | MA8 | MA7 | MAG | MA5 | MA4 [ MA3 | MA2 | MA1 | MAO

cmn | A26 | A24 | A22 |A11 |A10 |A9 |A8 |A7 |A6 |A5 |A4 | A3

row | A25 | A23 | A21 | A20 | A19 | A18 | Al7 | Al6 | A15 | Al4 | A13 | Al12
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Asymmetrical x8

MA1l [ MA10 | MA9 | MA8 | MA7 | MAG | MA5 | MA4 [ MA3 | MA2 | MA1 [ MAO

clmn A10 | A9 |A8 |A7 |A6 |A5 |A4 | A3

row | A22 | A21 | A1l | A20 | A19 | A18 | Al7 | Al6 | A15 | Al4 | A13 | Al12

Asymmetrical x9

MA1l [ MA10 | MA9 | MA8 | MA7 | MAG | MA5 | MA4 [ MA3 | MA2 | MA1 | MAO

clmn Al11 |A10 | A9 |A8 |A7 |A6 |A5 |A4 | A3

row | A23 | A22 | A21 | A20 | A19 | A18 | Al7 | Al6 | A15 | Al4 | A13 | Al12

Asymmetrical x10

MA1l [ MA10 | MA9 | MA8 | MA7 | MAG | MA5 | MA4 [ MA3 | MA2 | MA1 | MAO

clmn A22 | A11 |A1I0 | A9 |A8 |A7 |A6 |A5 |A4 | A3

row | A24 | A23 | A21 | A20 | A19 | A18 | Al7 | Al6 | A15 | Al4 | A13 | Al12

Asymmetrical x11

MA1l [ MA10 | MA9 | MA8 | MA7 | MAG | MA5 | MA4 [ MA3 | MA2 | MA1 | MAO

clmn A24 | A22 |A11 |A10 | A9 |A8 |A7 |A6 |A5 |A4 | A3

row | A25 | A23 | A21 | A20 | A19 | A18 | Al7 | Al6 | A15 | Al4 | A13 | Al12

Synchronous 16Mb
MA11 | MA10 | MA9 | MA8 | MA7 | MA6 | MA5 | MA4 | MA3 | MA2 | MA1 | MAO
cmn | A11 A24 | A23 |A10 | A9 |A8 |A7 |A6 |A5 |A4 | A3

row | A1l | A22 | A21 | A20 | A19 | A18 | Al7 | Al6 | A15 | Al4 | A13 | Al12

5.2 Main VUMA Memory Mapping

When physical system memory (DRAM) is expanded, unified memory architecture
poses a unique problem not existing on the conventional architecture. The problem
and three different solutions are described below:

Problem: Main VUMA Memory needs to be mapped at the top of existing memory
for any given machine. When physical system memory (DRAM) is
expanded, this would cause a hole in the physical system memory as shown
in Figure 5-1. The example assumes an initial system with single bank 8MB
memory (1MB allocated to Main VUMA Memory) expanded to 16MB
memory (IMB allocated to Main VUMA Memory) by adding a bank of
8MB memory. All the numbers mentioned in this discussion are just
examples and do not imply to be a part of the standard.

Figure 5-1 Memory Expansion Problem
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16M-1
Bank 1
8M-1 8M )
Main VUMA Memory ™ Main VUMA Memory ™ Hole in Memory

™-1 ™-1

Bank 0 Bank 0
oM oM

Physical System Memory (DRAM) Physical System Memory (DRAM)
Before Expansion After Expansion

Three solutions are suggested for this problem. BIOS calls defined in VUMA BIOS
Extension Specifications support all the three solutions. The BIOS calls are designed
in such a way that a VUMA device can find out which of the three solutions is
implemented by core logic and can configure the VUMA device appropriately.

Solution 1:

As depicted in Figure 5-2, core logic maps Main VUMA Memory to an address
beyond core logic’s possible physical system memory range. Main VUMA Memory is
mapped non-contiguous to the O.S. memory. As shown in Figure 5-2, Main VUMA
Memory is mapped from 1G to (1G+1M-1) and hence even if physical system
memory is expanded to the maximum possible size, there will be no hole in the
memory. As shown in Figure 5-2, Bank 0 is split with two separate blocks of memory
with different starting addresses. If the VUMA device is a graphics controller, and if it
wants to look at Main VUMA Memory also as a PCl address space, it can allocate a
different address than what has been assigned by core logic (1G in this example).

Figure5-2 Main VUM A M emory mapped non-contiguously
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15M-1
Bank 1
™ .
) 8M-1 ) 1G+1M—1 \Main VUMA Memory
Main VUMA Memory ™ Main VUMA Memory 1G Mapped
7M=1 7M=1 Non-Contiguously
Bank 0 Bank 0
oM oM
Physical System Memory (DRAM) Physical System Memory (DRAM)
Before Expansion After Expansion
Solution 2:

As depicted in Figure 5-3, core logic maps Main VUMA Memory to the top of
memory. Main VUMA Memory is mapped contiguous to the O.S. memory. As shown
in Figure 5-3, Main VUMA Memory is mapped from 15 M to (16M-1). As shown in
Figure 5-3, Bank 0 is split with two separate blocks of memory with different starting
addresses.

Figure5-3 Main VUM A Memory mapped contiguously
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15M-1

Bank 1

™ .
) 8M-1 ) 16M-1 L Main VUMA Memory

Main VUMA Memory ™ Main VUMA Memory 15M Mapped Contiguously

™M-1 ™M-1
Bank O Bank O
oM oM
Physical System Memory (DRAM) Physical System Memory (DRAM)
Before Expansion After Expansion

Solution 3:

As depicted in Figure 5-4, core logic swaps the bank containing main VUMA Memory
to the top of memory. As shown in Figure 5-4, Bank O is not split with two separate
blocks of memory with different starting addresses like in solution 1 and solution 2.

Figure5-4 Main VUM A Memory bank swapped

16M-1
Main VUMA Memory 15M
15M-1
Bank O
8M-1 &
Main VUMA Memory 7™
™M-1
Bank O Bank 1
oM oM
Physical System Memory (DRAM) Physical System Memory (DRAM)
Before Expansion After Expansion

5.3 Fast Page EDO and BEDO
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The logical interfaces for Fast Page, EDO and BEDO DRAMs are very similar and
hence are grouped together. If no specific exception to a particular technology is
mentioned, the description in this section appliesto all the three types of DRAMSs.

BEDO support is optional for both core logic and VUMA device. Various BEDO
support scenarios are as follows:

1. Core logic does not support BEDO - Since core logic does not support BEDO, there
will not be any BEDO as the physical system memory and hence whether VUMA
device supports BEDO or not isirrelevant.

2. Core logic supports BEDO - When core logic supports BEDO, VUMA device may
or may not support it. Whether core logic and VUMA device support BEDO or not
should be transparent to the operating system and application programs. To achieve
the transparency, system BIOS needs to find out if both core logic and VUMA
device support this feature and set the system appropriately at boot. The following
algorithm explains how it can be achieved. The algorithm is only included to
explain the feature. Refer to the latest VUMA BIOS Extension Specifications for
the most updated BIOS calls:

a. Read <VUMA BIOS signature string (refer to VUMA BIOS Extension
Specifications)>. Check if VUMA device supports BEDO.

b. If VUMA device does not support BEDO, do not assign BEDO banks for
Main VUMA Memory. Assign Main VUMA Memory to Fast Page Mode or
EDO bank. Also, if Auxiliary VUMA Memory is assigned by operating system
to BEDO banks, do not use it. Either repeat the request for Auxiliary VUMA
Memory till it is assigned to Fast Page Mode or EDO bank or use some
alternate method.

c. If VUMA device supports BEDO, read <VUMA BIOS signature string (refer
to VUMA BIOS Extension Specifications)> to find out if VUMA device
supports multiple banks access.

d. If only single bank access supported on VUMA device, exit, as the Main
VUMA Memory and Auxiliary VUMA Memory bank is fixed.

e. If multiple banks access is supported and if the RAS for BEDO bank is
supported on VUMA device, assign the Main VUMA Memory to obtain the
best possible system performance and exit.
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5.3.1 Protocol Description and Timing

All the DRAM signals are shared by core logic and VUMA device. They are driven by
current bus master. When core logic and VUMA device hand over the bus to each
other, they must drive all the shared g/t/s signals high for one CPUCLK clock and then
tri-state them. Also, they should tri-state all the shared t/s signals.

The shared DRAM signals are driven by core logic when it is the owner of the
physical system memory bus. VUMA device requests the physical system memory bus
by asserting MREQ#. Bus Arbiter grants the bus by asserting MGNT#. Also, as
mentioned above, before VUMA device starts driving the bus, core logic should drive
the g/t/s signals high for one CPUCLK clock and tri-state them. Core logic should also
tri-state all the shared t/s signals. The float condition on the bus should be for one
CPUCLK clock, before VUMA device starts driving the bus. These activities are
overlapped to improve performance as shown in Figure 5-5.

Figure 5-5 Bus hand off from corelogic to VUMA device

CPUCLK

MREQ# 1 T\

stls  — — ; — | ; ; —
Signals [ core Lodic _Y High \m—( VUMA Device
Us ‘ ‘ - 1 ‘ 1 1 o
Signals L Lore Logic D e ‘ __VUMA Device
MGNT# : ‘ ‘ —\

MREQ# is driven low from clock edge 2. Core logic samplesit active on clock edge 3.
Arbiter can give the bus right away, so core logic drives all s/t/s signals high from the
same clock edge. Core logic tri-states all the shared signals (g/t/s and t/s) and drives
MGNT# active from clock edge 4 . VUMA device samples MGNT# active at clock
edge 5 and starts driving the bus from the same edge.

The shared DRAM signals are driven by VUMA device when it is the owner of the
physical system memory bus. VUMA device relinquishes the physical system memory
bus by de-asserting MREQ#. Bus Arbiter gives the bus back to core logic by de-
asserting MGNT#. Also, as mentioned above, before core logic starts driving the bus,
VUMA device should drive the g/t/s signals high for one CPUCLK clock and tri-state
them. VUMA device should also tri-state all the shared t/s signals. The float condition
on the bus should be for one CPUCLK clock, before core logic starts driving the bus.
These activities are overlapped to improve performance as shown in Figure 5-6.
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Figure 5-6 Bus hand off from VUM A deviceto corelogic

CPUCLK

MREQ# __ | | -/
VS [T VUmaben Y g \——(‘ | " Corelog
Signals ‘ pevice w 'oh, Float ore ogic
_Us | VUMA Device Core Logic
Signals ' T Float T
MGNT# | | | l »

VUMA device drives al s/t/s signals high from clock edge 3. VUMA device tri-states
all shared signals (s/t/s and t/s) and de-asserts MREQ# from clock edge 4. Core logic
samples MREQ# inactive on clock edge 5. Core logic drives all shared signals and
deasserts MGNT# from clock edge 5.

5.3.2 DRAM Precharge

When the physical system memory bus is handed off from core logic to VUMA device
or vice aversa, the DRAM needs to be precharged before the new master starts driving
it. Part of this precharge can be hidden by overlapping with the arbitration protocol.
As shown in Figure 5-5 and 5-6, all the DRAM control signals (including RAS# lines)
are driven high for and tri-stated for one CPUCLK clock each. When RAS# lines are
tri-stated, pull ups on those lines pull them to a logical high. Thus when a new master
gets the control, the RASH# lines are already been precharged for two CPUCLK clocks.
Therest of the precharge needs to be taken care by the new master.

1. VUMA device gets the bus from core logic - As shown in Figure 5-5, when VUMA
device gets the physical system memory bus at clock edge 5, the DRAM has been
precharged for two CPUCLK clocks. VUMA device needs to take care of the rest of
the DRAM precharge. This precharge can be overlapped by VUMA device over some
of its activity eg. VUMA device may be running at a different clock than the
CPUCLK clock and the precharge can be overlapped with the synchronization of
MGNT# signal. VUMA device can calculate the number of clocks it needs to
precharge the DRAM with the following formula:

No. of VUMA device clocks for DRAM precharge = { RAS# Precharge Time (tRP) -
(2* CPUCLK Clock Time Period)}/ VUMA device Clock Time Period

Example: CPU running at 66.66 MHz, VUMA device running at 50 MHz. 70ns Fast
Page DRAM used.

No. of VUMA device clocks for DRAM precharge = {50ns - (2* 15ns)}/ 20ns
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={20ns}/ 20ns
=1 clock

2. Core logic gets the bus from VUMA device - As shown in Figure 5-6, when core
logic gets the physical system memory bus at clock edge 5, the DRAM has been
precharged for two CPUCLK clocks. core logic needs to take care of the rest of the
DRAM precharge. This precharge can be overlapped by core logic over some of its
activity e.g. driving of new row address. Core logic can calculate the number of clocks
it needs to precharge the DRAM with the following formula:

No. of CPU clocks for DRAM precharge = {RAS# Precharge Time (tRP) - (2 *
CPUCLK Clock Time Period)}/ CPUCLK Clock Time Period

Example: CPU running at 66.66 MHz, VUMA device running at 50 MHz. 70ns Fast
Page DRAM used.

No. of CPU clocks for DRAM precharge = {50ns - (2* 15ns)}/ 15ns
={20ns}/ 15ns
= 2 clock

5.4 Synchronous DRAM

Synchronous DRAM support is optional for both core logic and VUMA device.
Various Synchronous DRAM support scenarios are as follows:

1. Core logic does not support Synchronous DRAM - Since core logic does not
support Synchronous DRAM, there would not be any Synchronous DRAM as the
physical system memory and hence whether VUMA device supports Synchronous
DRAM or not isirrelevant.

2. Core logic supports Synchronous DRAM - When core logic supports Synchronous
DRAM, VUMA device may or may not be supporting it. Whether core logic and
VUMA device support Synchronous DRAM or not should be transparent to the
operating system and application programs. To achieve the transparency, system
BIOS needs to find out if both core logic and VUMA device support this feature
and set the system appropriately at boot. The following algorithm explains how it
can be achieved. The algorithm is only included to explain the feature. Refer to the
latest VUMA BIOS Extension Specifications for the most updated BIOS calls:

a. Read <VUMA BIOS signature string (refer to VUMA BIOS Extension
Specifications)>. Check if VUMA device supports Synchronous DRAM.

b. If VUMA device does not support Synchronous DRAM, do not assign
Synchronous DRAM banks for Main VUMA Memory. Assign Main VUMA
Memory to Fast Page Mode or EDO bank. Also, if Auxiliary VUMA Memory
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is assigned by operating system to Synchronous DRAM banks, do not use it.
Either repeat the request for Auxiliary VUMA Memory till it is assigned to Fast
Page Mode or EDO bank or use some alternate method.

c. If VUMA device supports Synchronous DRAM, read < VUMA BIOS
signature string (refer to VUMA BIOS Extension Specifications)> to find out if
VUMA device supports multiple banks access.

d. If only single bank access supported on VUMA device, exit, as the Main
VUMA Memory and Auxiliary VUMA Memory bank is fixed.

e. If multiple banks access is supported and if the CS# for Synchronous DRAM
bank is supported on VUMA device, assign the Main VUMA Memory to
obtain the best possible system performance and exit.

5.4.1 Programmable Parameters

Synchronous DRAMSs have various programmable parameters. Core logic programs
Synchronous DRAM parameters to obtain the best possible results. The most efficient
way for VUMA device to program its DRAM controller isto make a BIOS call to find
out the parameters core logic has decided and program its DRAM controller with the
same parameters. Alternately, VUMA device could program its DRAM controller with
one or all different parameters. If VUMA device programs its DRAM controller with
any different parameters, it is VUMA device's responsibility to reprogram
Synchronous DRAM back with the original parameters, before the physical system
memory bus is handed off to core logic. In other words, VUMA device is free to
change any or all of the parameters, but the change should be transparent to core logic.

How core logic programs various parameters and how VUMA device could inquire
them isasfollows:

1. Burst Length - Burst Length can be programmed as 1, 2 or 4. VUMA device
needs to make a BIOS call <Return Memory Speed Type (refer to
VUMA BIOS Extension Specifications)> to find out the Burst
Length.

2. CASLatency - As CAS latency depends on the speed of Synchronous DRAM
used and the clock speed, this standard does not want to fix this
parameter. Core logic programs this parameter to an appropriate
value. VUMA device needs to make a BIOS call <Return
Memory Speed Type (refer to VUMA BIOS Extension
Specifications)> to find out the CAS latency.

3. Burst Ordering - Most efficient Burst Ordering depends upon the type of CPU
used. VUMA device needs to make a BIOS call <Return Memory
Speed Type (refer to VUMA BIOS Extension Specifications)> to
find out the Burst Order.

5.4.2 Protocol Description and Timing
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All the DRAM signals are shared by core logic and VUMA device. They are driven by
current bus master. When core logic and VUMA device hand over the bus to each
other, they must drive all the shared /t/s signals high for one CPUCLK clock and then
tri-state them. Also, they should tri-state all the shared t/s signals.

Synchronous DRAMSs are precharged by precharge command. When the physical
system memory bus is handed off from core logic to VUMA device or vice aversa, the
DRAM precharge has two options:

1. Precharge both the internal banks before hand-off - Thisis a simple case where both
the internal banks of the active synchronous DRAM bank are precharged and then
the bus is handed off.

2. Requesting Master snoops the physical system memory bus and synchronous
DRAM internal banks need not be precharged - In this case the requesting master
snoops the DRAM address and control signals to track the open pages in the
internal banks of the active synchronous DRAM bank. The internal banks of the
active synchronous DRAM are not precharged when the physical system memory
bus is handed-off to the requesting master. If needed, the requesting master takes
care of precharge after getting the physical system memory bus.

Both core logic and VUMA device have an option of either implementing or not
implementing DRAM snoop feature. Whether core logic and VUMA device support
DRAM snoop or not should be transparent to the operating system and application
programs. To achieve the transparency, system BIOS and VUMA BIOS need to find
out if both core logic and VUMA device support this feature and set the system
appropriately at boot. The following algorithm explains how it can be achieved. The
algorithm is only included to explain the feature. Refer to the latest VUMA BIOS
Extension Specifications for the most updated BIOS calls:

1. System BIOS reads <VUMA BIOS signature string (refer to VUMA BIOS
Extension Specifications)>, to find out if VUMA device can snoop the physical
system memory bus.

2. If no, System BIOS programs core logic to precharge synchronous DRAM before
bus hand-off.

3. If yes, System BIOS programs core logic not to precharge synchronous DRAM
before bus hand-off.

4. VUMA BIOS makes a call, <Report VUMA - core logic capabilities (refer to
VUMA BIOS Extension Specifications)>, to find out if core logic can snoop the
physical system memory bus.

5. If no, VUMA BIOS programs VUMA device to precharge synchronous DRAM
before bus hand-off.

6. If yes, VUMA BIOS programs VUMA device not to precharge synchronous DRAM
before bus hand-off.
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None, only one, or both of core logic and VUMA device can support this feature.
When only one of them supports this feature memory precharge will be asymmetrical
i.e. there will be precharge before hand-off one way and no precharge the other way.

5.4.2.1 Non-Snoop Cases

The shared DRAM signals are driven by core logic when it is the owner of the
physical system memory bus. VUMA device requests the physical system memory bus
by asserting MREQ#. Bus Arbiter grants the bus by asserting MGNT#. Also, before
VUMA device starts driving the bus, core logic should drive all the shared /t/s signals
high for one CPUCLK clock and tri-state them. Core logic should also tri-state all the
shared t/s signals. The tri-state condition on the bus should be for one CPUCLK clock,
before VUMA device starts driving the bus. These activities are overlapped to improve
performance as shown in Figure 5-7. Since VUMA device does not support DRAM
snoop feature, DRAM is precharged before handing off the physical system memory
bus as shown in Figure 5-7.

Figure 5-7 Bus hand off from Core Logic to VUMA device
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MREQ# is driven low from clock edge 2. Core logic samplesit active on clock edge 3.
Arbiter can give the bus right away, so core logic gives precharge command to DRAM
from the same clock edge. Core logic drives all the shared s/t/s signals high from clock
edge 4. Core logic tri-states all the shared signals (g/t/s and t/s) and drives MGNT#
active from clock edge 5. VUMA device samples MGNT# active at clock edge 6 and
starts driving the bus from the same edge.

The shared DRAM signals are driven by VUMA device when it is the owner of the
physical system memory bus. VUMA device relinquishes the physical system memory
bus by de-asserting MREQ#. Bus Arbiter gives the bus back to core logic by de-
asserting MGNT#. Also, as mentioned above, before core logic starts driving the bus,
VUMA device should drive all the shared s/t/s signals high for one CPUCLK clock
and tri-state them. VUMA device should also tri-state all the shared t/s signals. The
float condition on the bus should be for one CPUCLK clock, before core logic starts
driving the bus. These activities are overlapped to improve performance as shown in

31 Version 1.0



VUMA Standard - Hardware Specifications VESA Confidential

Figure 5-8. Since core logic does not support DRAM snoop feature, DRAM is
precharged before handing off the physical system memory bus as shown in Figure 5-
8.

Figure 5-8 Bus hand off from VUMA deviceto Core Logic
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VUMA device gives precharge command from clock edge 3. It drives all shared s/t/s
signals high from clock edge 4. It tri-states all shared signals (s/t/s and t/s) and de-
asserts MREQ# from clock edge 5. Core logic samples MREQ# inactive on clock edge
6. Core logic drives all shared signals and deasserts MGNT# from clock edge 6.
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5.4.2.2 Snoop Cases

The shared DRAM signals are driven by core logic when it is the owner of the
physical system memory bus. VUMA device requests the physical system memory bus
by asserting MREQ#. Bus Arbiter grants the bus by asserting MGNT#. Also, before
VUMA device starts driving the bus, core logic should drive all the shared g/t/s signals
high for one CPUCLK clock and tri-state them. Core logic should also tri-state all the
shared t/s signals. The tri-state condition on the bus should be for one CPUCLK clock,
before VUMA device starts driving the bus. These activities are overlapped to improve
performance as shown in Figure 5-9. Since VUMA device supports DRAM snoop
feature, core logic does not precharge DRAM before handing off the physical system
memory bus as shown in Figure 5-9.

Figure 5-9 Bus hand off from corelogic to VUM A device
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MREQ# is driven low from clock edge 2. Core logic samplesit active on clock edge 3.
Arbiter can give the bus right away and since VUMA device supports DRAM snoop
feature, core logic drives all the shared g/t/s signals high from the same clock edge.
Core logic tri-states all the shared signals (s/t/s and t/s) and drives MGNT# active from
clock edge 4. VUMA device samples MGNT# active at clock edge 5 and starts driving
the bus from the same edge.

The shared DRAM signals are driven by VUMA device when it is the owner of the
physical system memory bus. VUMA device relinquishes the physical system memory
bus by de-asserting MREQ#. Bus Arbiter gives the bus back to core logic by de-
asserting MGNT#. Also, as mentioned above, before core logic starts driving the bus,
VUMA device should drive all the shared s/t/s signals high for one CPUCLK clock
and tri-state them. VUMA device should also tri-state al the shared t/s signals. The
float condition on the bus should be for one CPUCLK clock, before core logic starts
driving the bus. These activities are overlapped to improve performance as shown in
Figure 5-10. Since core logic supports DRAM snoop feature, VUMA device does not
precharge DRAM before handing off the physical system memory bus as shown in
Figure 5-10.
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Figure 5-10 Bus hand off from VUM A deviceto corelogic
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VUMA device drives all shared g/t/s signals high from clock edge 3. It tri-states all
shared signals (g/t/s and t/s) and de-asserts MREQ# from clock edge 4. Core logic
samples MREQ# inactive on clock edge 5. Core logic drives all shared signals and
deasserts MGNT# from clock edge 5.

5.5 Memory Parity support

Memory Parity support is optional on both core logic and VUMA device. If core logic
supports parity it should be able to disable parity check for Main VUMA Memory and
Auxiliary VUMA Memory areas while parity check on the rest of the physical system
memory is enabled.

5.6 Memory Controller Pin Multiplexing

The logical interfaces for Fast Page, EDO and BEDO DRAMs are very similar but are
significantly different than that of Synchronous DRAM. If mother board designers
want to mix different DRAM technologies on the same mother board, core logic will
have to multiplex DRAM control signals. The meaning of a multiplexed signal will
depend on the type of DRAM core logic is accessing at a given time. If a VUMA
device supports multiple banks access and mix of different DRAM technologies, it will
also have to multiplex DRAM control signals. Both core logic and VUMA devices
will have to have same multiplexing scheme. The appropriate JEDEC standard should
be followed for multiplexing scheme.

6.0 Boot Protocol
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6.1 Main VUMA Memory Access at Boot

In unified memory architecture, part of the physical system memory is assigned to
Main VUMA Memory. The existing operating systems are not aware of unified
memory architecture. Also, some of the existing operating systems size memory
themselves. This poses a problem as the operating systems after sizing the total
physical system memory, will assume that they could use all of the memory and might
overwrite Main VUMA Memory. The solution to this problem is explained below:

As shown in Figure 6-1, the solution to this problem is to disable core logic access to
Main VUMA Memory area at boot time. In that case even if operating system, sizes
the memory, it will find only (total physical system memory - Main VUMA Memory)
and will not be aware of the Main VUMA Memory existence. This will avoid
operating system ever writing to the Main VUMA Memory area. If VUMA device
supports multiple banks access, it can access total physical system memory all the
time. If VUMA device supports single bank access, it can access the bank of Main
VUMA Memory all the time.

If VUMA device is a graphics controller, it needs a special consideration. Video
screen is required during boot and since core logic can not access the Main VUMA
Memory, it can not write to it. The problem is solved by programming the graphics
controller into a pseudo legacy mode. In this mode graphics controller treats Main
VUMA Memory exactly the same way as in non unified memory architecture
situations i.e. asif it has its own separate frame buffer. So now, the total system looks
just like a non unified memory architecture system and this mode is called as pseudo
legacy mode. Core logic performs accesses to video through legacy video memory
address space of A000:0 and B000:0. These accesses go on the PCI bus. Graphics
controller claims these cycles. Graphics controller still needs to arbitrate for the
physical system memory bus. After getting the bus, graphics controller performs
reads/writes to Main VUMA Memory (frame buffer). After the system boots, it is till
in the pseudo legacy mode. When operating system calls display driver, the driver
programs core logic to alow access to Main VUMA Memory and switches the system
from pseudo legacy mode to unified memory architecture.

In the case of other type of VUMA devices, device driver needs to program core logic
to allow accessto Main VUMA Memory.

Figure 6-1 Pseudo L egacy Mode
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The following algorithm sums up the boot process in the case of VUMA device being
agraphics controller:

1. System BIOS sizes the physical system memory.

2. System BIOS reads the size of Main VUMA Memory at previous boot (where this
value is stored is System BIOS dependent, but needs to be in some sort of non
volatile memory).

3. System BIOS programs its internal registers to reflect that total memory availableis
[total physical system memory(from step 1) - Main VUMA Memory at previo us
boot (from step 2)].

4. System boots and operating system calls display driver.

5. Display driver makes a System BIOS call, <Enable/Disable Main VUMA Memory
(refer to VUMA BIOS Extension Specifications)>, to program core logic interna
registersto reflect that it can access total physical system memory.

6. Display driver switches VUMA device to unified memory architecture mode.

Even though core logic can not access Man VUMA Memory till the time display
driver enablesit, core logic isresponsible for Main VUMA Memory refresh.

VUMA device should claim PCI Master accesses to Main VUMA Memory till display
driver enables core logic access to that area. Core logic should claim PClI Master
accesses to Main VUMA Memory after display driver enables core logic access to that
area.

6.2 Reset State

On power on reset, both core logic and VUMA device have their unified memory
architecture capabilities disabled. MREQ# is de-asserted by VUMA device and
MGNT# is de-asserted by core logic. System BIOS can detect if VUMA device
supports unified memory architecture capabilities by reading <VUMA BIOS signature
string (refer to VUMA BIOS Extension Specifications)>.
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7.0 Electrical Specification

7.1 Signal Levels

This section describes the electrical signal levels for the arbitration signals only.
DRAM signa levels depend on the type of DRAM used and hence can not be
specified by the standard.

MREQ# output 5v TTL or 3.3vLVTTL

input 5v TTL for 5v buffer, 5v tolerant LVTTL for 3.3v buffer
MGNT# output S5vTTL or 3.3vLVTTL

input 5v TTL for 5v buffer, 5v tolerant LVTTL for 3.3v buffer
CPUCLK output SvTTL or 3.3vLVTTL

input 5v TTL for 5v buffer, 5v tolerant LVTTL for 3.3v buffer
7.2 AC Timing

This section describes the AC timing parameters for the arbitration signals only.
DRAM AC timing parameters depend on the type of DRAM used and hence can not
be specified by the standard. Both MREQ# are MGNT# timing parameters are
specified with respect to CPUCLK rising edge.

The AC timing parameters are specified at the following operating conditions:

Load (max.) - 30 pf
Supply Voltage -Vce = 5%
Ambient Temperature T, -0°Cto70° C
MREQ# output tClk to Out (max.) -10ns
tClk to Out (min.) -2ns
input Set up time tSU (min.) -3ns
Hold timetH (min.) -1ns
MGNT# output tClk to Out (max.) -10ns
tClk to Out (min.) -2ns
input Set up time tSU (min.) -3ns

Hold timetH (min.) -1ns

37 Version 1.0



VUMA Standard - Hardware Specifications VESA Confidential

CPUCLK  output clock frequency (max.) - 66.66 MHz

7.2.1 Timing Budget

A margin for clock skew (including jitter) is added to the timing parameters. + Insis
alowed for the CPUCLK skew (including jitter). Worst case timing budget
calculations for setup and hold time are as follows:

7.2.1.1 Worst casefor Setup time

Figure 7-1 shows the worst case for setup time. tClk to Out and clock skew have
converged to reduce available setup time.

Figure 7-1 Worst case for setup time
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[tCLK to Out (max.) + tSU (min.) + negative CPUCLK skew (max.)] £ CPUCLK
periodi.e. 15ns @ 66.66 MHz.

[10ns + 3ns + negative CPUCLK skew (max.)] £ 15ns

[negative CPUCLK skew (max.)] £ 2ns

Ins< 2ns

Hence, the worst case negative CPUCLK skew (-1ns) satisfies the worst case for set up
time.

7.2.1.2 Worst case for Hold time

Figure 7-2 shows the worst case for hold time. tClk to Out and clock skew have
converged to reduce available hold time.

Figure7-2 Worst case for hold time
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Hence, the worst case positive CPUCLK skew (+1ns) satisfies the worst case for hold
time.

7.3 Pullups

All s/t/s signals need pullups to sustain the inactive state until another agent drives
them. Core logic has to provide pullups for all the s/t/s signals. VUMA device has as
option of providing pullups on some of the s/t/s signals. All t/s signals need pulldowns.
Corelogic has to provide pulldowns for all the t/s signals. VUMA device has as option
of providing pulldowns on the t/s signals. Pullups and pulldowns could either be
internal to the chips or external on board.

DRAM Address - Core logic is responsible for pullups on DRAM Address
lines.

DRAM control signals - Core logic is responsible for pullups on DRAM control
signals. VUMA device has as option of providing pullups on
them.

DRAM DataBus- Core logic is responsible for pulldowns on DRAM data bus.
VUMA device has as option of providing pulldowns on
them.

Pullups and pulldowns are used to sustain the inactive state until another agent drives
the signals and hence need to be weak. Recommended value for pullups and
pulldowns is between 50 kohm and 80 kohm.

7.4 Straps

As some VUMA devices and core logic chips use DRAM data bus for straps, DRAM
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data bus needs to be assigned for straps for different controllers. The assignment of
DRAM DataBusfor strapsis as follows:

MD [0:19] VUMA device on Motherboard
MD [20:55] Reserved
MD [56:63] CorelLogic

All the straps need to be pullups of 10 kohm.

7.5 DRAM Driver Characteristics Guidelines

Loading plays a critical rolein DRAM access timing. In case of PC motherboards end
users can expand the existing memory of a system by adding extra SIMMs. Hence,
typically the total DRAM signal loading is not constant and could vary significantly.
Both Core Logic and VUMA device must be able to drive the maximum load that the
system motherboard is designed to accommodate.

A typical PC motherboard has between 4 to 6 DRAM banks. 1IMx16 and 2Mx8 are
popular DRAM chips used on SIMMs. In Pentium-class systems each DRAM bank
would require 4 of 1IMx16 DRAM chips and 8 of 2Mx8 DRAM chips. Thus, each
DRAM bank will have 4 or 8 loads on address and control signals for the above two
cases respectively. Multiplying this load by 4 to 6 DRAM banks gives a total typical
worst case loading on address and control signals of 16 to 48 loads. Thus, in typical
motherboard designs DRAM signal loading can be significantly high and hence care
must be taken for DRAM driver selection. Some general guide lines for DRAM driver
design are asfollows:

Slew-rate controlled drivers are recommended. Drivers with selectable current drive
(such as 8/16 mA drivers) may be used. This can reduce overshoot and undershoot
associated with over-driving lightly loaded signals and can prevent excessive rise and
fall time delay due to not providing enough current drive on heavily loaded signals.

As shown in Figure 7-3, buffers may be placed on the system motherboard to reduce
the per signal loading and/or provide larger drive strength capabilities. Core logic and
VUMA device could connect few DRAM banks without external buffers (typically 1
or 2 banks) and remaining DRAM banks with external buffers.

DRAM Write Enable and DRAM Address signals are typically the most heavily
loaded signals. Column Address Strobe signals may also become overloaded when
more than two DRAM banks are designed into a system. TTL or CMOS buffers
(typically 244 type) may be used to isolate and duplicate heavily loaded signals on a
per bank basis. 244 type buffers typically have very good drive characteristics as well
and can be used to drive all of the heavily loaded DRAM control signals if the Core
Logic and/or VUMA device has relatively weak drive characteristics. If externa
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buffers are used, the buffer delays should be taken in to timing considerations.

Figure 7-3 Optional Buffersfor DRAM Signals
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Wider DRAM devices offer reduced system loading on some of the control signals.
x4 DRAMSs require four times the physical connections on RAS, MA (Address), and
write enables as x16 DRAMs. The reduction in loading can be significant. If the
designer has control over the DRAMs which will be used in the system, the DRAM
width should be chosen to provide the least loading.
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Appendix A

Review Period Feed back and Answersto the Feed back on VUMA
Hardware and BIOS Extension Specifications

Q: How many VUMA devices can there be in a system?

A: No upper limit is defined. The proposal defines a VUMA device as "any type of
controller which needs to share physical system memory with system and directly
accessit." (p6)

Additional devices can be added by adding more MREQ#, MGNT# lines to the
arbiter. If additional devices are added to aVUMA system, the arbiter must be able
to guarantee latency and time slices to an individual device. It is the system
designers responsibility to see if the performance impact of multiple devices is
acceptable.

C. It seems that what should really be specified - An upper limit on the total latency
that a device can see, regardless of how many devices are sharing memory.

A. Thisis aready specified.

C. It seems that what should really be specified - An upper limit on the number of
devices based on loading and transmission line issues.

A. With the current specs all the VUMA devices have to be on mother board. Different
vendors (chipset, graphics, mother board, etc.) can solve loading and transmission
line issues with different solutions e.g. some might add external buffers to take care
of loading. Hence, no such limit can be specified. It is system designers
responsibility to make sure that his/lher motherboard works for the intended
configuration.

Q: What's the maximum load on the memory bus?

A: Maximum load on the memory bus is not defined. Typical load on the memory bus
has been added to the specifications to satisfy this question. It is system designers
responsibility to make sure that his’her motherboard works for the intended worst
case memory configuration.

"Loading plays a critical rolein DRAM access timing. In case of PC motherboards
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end users can expand the existing memory of a system by adding extra SIMMSs.
Hence, typically the total DRAM signal loading is not constant and could vary
significantly. Both Core Logic and VUMA device must be able to drive the
maximum load that the system motherboard is designed to accommodate.

A typical PC motherboard has between 4 to 6 DRAM banks. 1IMx16 and 2Mx8 are
popular DRAM chips used on SIMMs. In Pentium-class systems each DRAM bank
would require 4 of 1IMx16 DRAM chips and 8 of 2Mx8 DRAM chips. Thus, each
DRAM bank will have 4 or 8 loads on address and control signals for the above two
cases respectively. Multiplying thisload by 4 to 6 DRAM banks gives atotal typical
worst case loading on address and control signals of 16 to 48 loads. Thus, in typical
motherboard designs DRAM signal loading can be significantly high and hence
care must be taken for DRAM driver selection.” (p 39)

C. There must be a maximum unbuffered load specified for the DRAM signal drivers
such that the maximum frequency can be achieved. If any amount of load can exist,
then the greater loads can only supported with slower DRAM signal frequencies.
Lower signal frequencies will have to be compensated for with larger FIFOs since
the display refresh rate will not change.

A. Again, different vendors (chipset, graphics, mother board, etc.) can solve this
problem with different solutions e.g. some might add external buffers to take care of
loading. Hence, no such limit can be specified. It is system designers responsibility
to make sure that his’lher motherboard works for the intended configuration.

Q: How does VUMA support SD/SG memories?

A: VUMA does not support SG memory in the current specifications. SG memory
support will be added in the next version.

For Synchronous DRAM, the VUMA device must support the typical CAS latency,
burst length and burst order that the end system is intended to have (e.g. CAS
latency of 3, linear burst if Cyrix CPU is intended to be supported). VUMA device
can find out from BIOS calls what configuration core logic intends to use and
configure itself for that configuration.

Q: How does VUMA support increasing memory clock speeds?

A: Maximum clock frequency in the current version of the specifications is 66.66
MHz (p 37).

C. To fully take advantage of SD/SGRAM, a path to 100 MHz must be defined.

VUMA must define a mechanism to allow higher memory clock rates to be used
even if the CPU busis running slower.
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A. Clock rates for SD/SG devices are anticipated to be 100 MHz and greater. To
achieve clock rates beyond 66.66 MHz for SDRAM devices issues such as trace
lengths, flight times, etc. must be addressed. We intend to support higher clock
frequenciesin the next version of the specifications.

Q. Providing pullup/pulldown strap options on the memory bus is unacceptable in
systems concerned with low power consumption.

A. The standard does not require one to add pullup/pulldown strap options on the
memory bus but allows one if he wishes to do so. It is the design decision a
designer will have to make to see if the power consumption caused by
pullup/pulldown straps is acceptable.

Q. The Request and Grant latencies must be programmable to accommodate the wide
range of resolutions and color depths that a graphics controller may use.

A. All the resolutions and color depths are accommodated with the currently defined
Request and Grant latencies. If Request and Grant latencies are made
programmable, there will be alot of interoperability issues. Hence the specs should
be left as defined.

Q. Since Display Refresh is the most time critical user of memory, the graphics
memory controller should be the master of the VUMA protocol. The protocol
should at least allow for this option. It can be determined at POR.

A. The current protocol does not have any master (not even core logic). Whenever a
VUMA device needs the bus, it generates the MREQ# signal and gets the bus when
MGNT# is asserted. The VUMA device can keep the bus with it (park on it) even if
it does not need the bus. When VUMA device is using the bus or is parked on it, if
the core logic needs the bus, core logic has to request it by generating a preempt
signal. Core logic has to wait for VUMA device to give up the bus before claiming
and using it.

C. | have arequest for a change to the VUMA Synchronous DRAM signal definition. |
propose adding a new s/t/s output, called CLK. This signal is shared by the core
logic and the VUMA device. It is driven by the current bus master. It drives the
Synchronous DRAM input called CLK (in most data books). | also propose
changing the definition of CPUCLK, such that it is used as an input for the core
logic and the VUMA device, and not for the Synchronous DRAM.

This change would allow better control of setup and hold times, both at the
Synchronous DRAM device, and in the current master device. The reason for thisis
that it would make it easier to eliminate the clock delay between the clock seen by
the Synchronous DRAM device and the clock seen by the current master device. It
would also make it easier for VUMA device designers to meet Synchronous DRAM
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specifications in devices supporting both VUMA and non-VUMA.

This change would also make the VUMA SDRAM specification more consistent
with the VUMA Fast Page, EDO and BEDO DRAM specifications. This is
especially true for Burst EDO DRAM, where the CAS# signal is very similar to the
Synchronous DRAM CLK signal.

A. The proposed change is suggested to reduce the clock skew between Synchronous
DRAM device and the current master device(* The reason for this is that it would
make it easier to eliminate the clock delay between the clock seen by the
Synchronous DRAM device and the clock seen by the current master device’ as
mentioned above.). There are better ways to accomplish the same goal e.g. having
different outputs of a clock driver (with minimal o/p to o/p skew and minimal jitter)
connected to the two devices with trace length and load matching on the PCB. It is
not advisable to make a high frequency (66.66 MHz) clock a s/t/s signal. Hence, the
specifications should be left asis.

C. Thereturn value of DX in function 6 was defined in unit of megabytes. It would be
more flexible if the unit can be defined as 64 Kbytes so that core logic chipset can
implement smaller increments.

A. Specifications modified accordingly.

C. The current BIOS specs only report the type and size of a DRAM bank to the
VUMA device. It does not tell the VUMA device if a particular bank is symmetrical
or asymmetrical. We need to include this in the specs. | think giving number of row
and column addresses will serve the purpose.

A. Specifications modified accordingly.

C. For the 06h call, we now have for CX[7]: O=linear; 1=sequential. If I'm not
mistaken, linear and sequential means the same ordering sequence. So rather, it
should be interleave versus sequential. (Interleave is the Intel ordering; linear is the
sequential or Motorola ordering).

A. Specifications modified accordingly.

C. Change allowable clock skew to +/- 1ns from +/- 2ns (same as 66 MHz PCI) and
increase hold time from Onsto 1nsin AC timing parameters.

A. Specifications modified accordingly.
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C. Add the operating conditions for MREQ#, MGNT# timing parameters (capacitance,
temp, voltage).

A. Specifications modified accordingly.

Note:
Q - Questions asked by members

C - Comments made by members
A - Answer given by the work group
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