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(57) Abstract

Double buffering operations to reduce host bus hold times when an expansion bus master is accessing the main memory
on a host bus of a computer system. A system data buffer coupled between the main memory and the expansion bus includes
256-bit double read and write buffers. A memory controller coupled to the double read and write buffers and to the expansion
bus includes primary and secondary address latches corresponding to the double buffers. The memory controller detects access to
the main memory, compares the expansion bus address with the primary and secondary addresses and controls the double read
and write buffers and the primary and secondary address latches accordingly. During write operations, data to be written to the
same line of memory is written to a first of the double write buffers until a write occurs to an address to a different line before
data is transferred to main memory. During read operations, a full line is loaded into a first of the double read buffers, and the
next full line is retrieved into a second read buffer from main memory if a subsequent read hit occurs in the first read buffer.
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TITLE: DOUBLE BUFFERING OPERATIONS BETWEEN THE
MEMORY BUS AND THE EXPANSION BUS OF A
COMPUTER SYSTEM
SPECIFICATION
BACKGROUND OF E_INVENTION

1. Field of the Invention

The present invention relates to a method and
apparatus for performing double buffering operations
when an EISA bus master is accessing main memory on the
memory bus. In particular, double buffers are provided
which serve as posting buffers until a full line is

. obtained, thereby reducing host bus hold times.

2. Description of the Related Art
The personal computer industry is evolving quickly

due to the increasing demand for faster, smaller and
more power computers. The general structure of a
personal computer system typically includes a
microprocessor or host bus for interfacing one or more
processors with main memory, an expansion bus such as
the Extended Industry Standard Architecture (EISA) bus
which is used to interface with one or more optional
external plug-in logic circuit boards, and also an X
bus for interfacing with a plurality of peripheral
devices such as a keyboard and a floppy disk
controller. In a multiprocessor system, the processors
typically share the host bus to access the main memory.
The EISA bus specification was introduced several
years ago and describes all of the parameters that must
be followed for any device to interface with the EISA
bus. For more details, please refer to U.S. Patent No.
5,101,492, specifically Appendix A, which patent is
hereby incorporated by reference. Thus, bus masters,
DMA devices or any other devices designed to interface
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with the EISA bus must follow the EISA bus
specifications. 1In particular, the EISA data bus is 32
bits wide and the EISA bus includes a clock signal
which is typically approximately 8 MHz. Modern
processors, such as the 80386 or i486 microprocessors
by Intel, are designed to operate at significantly
higher speeds then the EISA bus. Also, processors are
incorporated into central processing units (CPUs) which
may be designed to operate with larger and faster host
buses. For example, host buses have been designed to
operate at 25 megahertz (MHz) to over 33 MHz and may
include up to 64 data bits or more.

Memory arrays are keeping pace with processor

‘innovation. Dynamic Random Access Memories (DRAMs)

typically used to implement main memory are slower than
SRAMs but are typically interleaved to help keep pace
with CPUs. EISA bus masters attached to the EISA bus
require access to the main memory, typically through a
bus controller interface attached between the host bus
and the EISA bus. Access through the host bus may be
necessary so that the CPUs can snoop the EISA addresses
to perform cache write back or invalidation cycles if
necessary. Due to the relatively slow clock speed and
narrow data width defined for the EISA bus, it is
undesirable for an EISA bus master requiring access to
the main memory to tie up the host bus for its entire
write or read cycle. This is especially true since the
CPUs attached to the host bus must remain idle if they
also require access to the main memory or the host bus.
It is desirable therefore to provide a buffering
means to isolate the host bus and main memory from
slower devices on the EISA bus such as EISA bus
masters. Also, the devices accessing main memory
should not detect any differences in access to the main

memory.

PCT/US93/09366
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UMMARY OF THE PRESENT INV. N

A method and apparatus for performing double
buffering operations according to the present invention
significantly reduces the number of read and write

5 accesses to the main memory connected to the host bus
initiated by devices connected to the expansion bus.

2 system data buffer (SDB) is provided between the
host bus, the expansion bus and the memory bus. The
SDB preferably includes a relatively large write double

10 buffer and a similar read double buffer coupled between
the expansion and memory buses. These read and write
buffers are preferably 256 bits wide, which corresponds
to the size of a line of memory. A memory controller

~ coupled to the SDB and the main memory preferably

15 includes primary and secondary address latches
corresponding to the double buffers. The memory
controller detects accesses to the main memory from the
expansion bus, compares the expansion bus address with
those in the primary and secondary address latches and

20 controls the read and write buffers accordingly.

A snoop cycle is executed on the host bus to
determine whether the data is directed to the main
memory. If so, the data for an initial write cycle
from the expansion bus to the main memory is written

25 into a primary write data buffer. This is referred to
as DDF (data destination facility) snooping in the
preferred embodiment where DDF logic is provided to
perform memory mapping functions. The primary data
buffer is continually loaded with subsequent writes to

30 memory as long as subsequent addresses are within the
same line indicated by the primary address stored in
the primary address latch. These writes to the same
line are referred to as primary address hits, or
PAHITs. If a write occurs to an address outside the

35 line indicated by the primary address (PA), which is
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referred to as a PA miss, but the write is still within
the same page of main memory where the page size is
preferably 128K bytes, which is referred to as a
DDFHIT, the memory controller transfers the data from
5 the primary write data buffer to the secondary write

data buffer, and a host bus write cycle is executed to
transfer the data from the secondary write data buffer
to main memory. The address from the primary address
latch is then copied to the secondary address latch to

10 setup the proper address for the next write to main
memory and the address of the write is copied to the
primary address latch. Then, the new data is written
into the primary write data buffer to main memory. In
this manner, a host cycle is not required to be

15 executed for each expansion bus write operation, which
significantly reduces host bus hold times.

If a write from the expansion bus to memory is
outside the page size of the current primary address,
referred to as a DDF page miss, the data is transferred

20 to the secondary write data buffer and two consecutive
host bus cycles are executed. The first cycle is to
perform a DDF snoop to determine if the new address is
intended for the main memory, and the second cycle is
executed to transfer the data from the secondary write

25 data buffer to main memory. If the DDF snoop indicates
the write is to main memory, the data is loaded into
the primary data buffer. The addresses are copied as
appropriate.

For an initial read cycle, a full line of data

30 corresponding to the expansion bus address is latched
through a secondary read data buffer to a primary read
data buffer, which is readily accessible by the bus
master on the expansion bus. A subsequent memory read
within the primary read data buffer is also referred to

35 as a PAHIT, where the data is immediately available
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from the primary read data buffer in the SDB. Also,
since the secondary read data buffer is empty, a
secondary buffer fill cycle occurs where the primary
address is incremented and the next line of data from
5 main memory is loaded into the secondary read data

buffer. If the secondary read data buffer is empty and
a read to an address within the incremented secondary
address occurs, referred to as a secondary address hit
(SAHIT), a primary buffer fill cycle occurs where the

10 next line of data is loaded through the secondary read
data buffer to the primary read data buffer from main
memory. Also, if the read address is not within the
primary or secondary address range but still within the
same page causing a DDFHIT, a primary buffer fill cycle

15 is also executed. If the secondary read data buffer is
full and a SAHIT occurs, the data is transferred to the
primary read data buffer for access to the expansion
bus, and a host cycle is executed to fill the secondary
read data buffer with the next full line of data from

20 main memory.

Random access memory (RAM) refresh cycles are also
supported through double buffer operations thereby
enhancing speed. Snoop logic determines if a snoop
read hit occurs where a CPU attempts toc read from an

25 address location which has data currently buffered
within the SDB. If this occurs, a non-maskable
interrupt (NMI) is generated. If a snoop write hit
occurs where the CPU writes to a location currently
buffered in the SDB, the read buffers in the SDB are

30 invalidated. ‘

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention
can be obtained when the following detailed description
of the preferred embodiment is considered in

35 conjunction with the following drawings, in which:
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Figure 1 is a block diagram of a computer system
incorporating a double buffering apparatus according to
the present invention;

Figures 2A and 2B are a block diagram of the
system data buffer (SDB) of Figure 1 incorporating a
portion of the double buffering apparatus according to
the present invention;

Figures 3A and 3B are a block diagram of EISA host
master logic incorporated within the memory controller
of Figure 1 which is used to control the double buffers
within the SDB of Figures 2A and 2Bj;

Figure 4 is a flowchart diagram illustrating write
cycles infitiated on the EISA bus to the main memory of
Figure 1, using double buffered operations according to
the present invention;

Figure 5 is a flowchart diagram illustrating read
cycles initiated on the EISA bus to the main memory of
Figure 1, using double buffered operations according to
the present invention; |

Figure 6 is a flowchart diagram illustrating a RAM
refresﬁ cycle using double buffered operations
according to the present invention; '

Figure 7 is a timing diagram illustrating a normal
EISA cyclej

Figure 8 is a timing diagram illustrating a normal
ISA cycle;

Figures 9A and 9B are a timing diagram showing DMA . .
memory write cycles to the main memory of Figure 1,
further illustrating double buffered operations
according to the present invention;

Figure 10 is a timing diagram showing DMA memory
read cycles to the main memory of Figure 1, further
illustrating double buffered operations according to

the present invention;j
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Figure 11 is a timing diagram illustrating a DMA
memory write cycle to non-host memory;

Figure 12 is a timing diagram illustrating a DMA
memory read cycle to non-host memory;

5 Figure 13 is a timing diagram illustrating a burst
EISA cycle;

Figures 14A and 14B are a timing diagram
illustrating a burst write cycle to the main memory of
Figure 1 using double buffered operations according to

10 the present invention;

Figure 15 is a timing diagram illustrating a burst
read cycle to the main memory of Figure 1 using double
buffered operations according to the present invention;

Figures 16A and 16B are a timing diagram

15 illustrating ISA write cycles to the main memory of
Figure 1 using double buffered operations according to
the present invention; and

Figure 17 is a timing diagram illustrating ISA
read cycles to the main memory of Figure 1 using double

20 buffered operations according to the present invention.

Referring now to Figure 1, a computer system C is
shown incorporating a double buffering apparatus
according to the present invention. The computer

25 system C is preferably a multiprocessor systemn,
although a computer system according to the present
invention may include more processors or may be a
single processor éystem. The elements of the computer
system C that are not significant to the present

30 invention, other than to illustrate an example of a
fully configured computer system, are not discussed in
detail.

The computer system C preferably, includes two
CPUs, referred to as CPU 20 and CPU 22, respectively,

35 which are connected to a host bus 24. The host bus 24
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preferably includes a host clock signal referred to as
HCLK, which is p;eferably approximately 25 MHz or 33
MHz depending upon the desired speed of the computer
system. In the preferred embodiment, CPU 20 is
logically assigned the position of CPUO, and CPU 22 is
assigned logical CPUl1, although these assignments are
preferably programmable and may be changed. A memory
controller 30 is coupled to the host bus 24 to an
expansion bus 42, where the expansion bus 42 is
preferably the Extended Industry Standard Architecture
(EISA) bus, although other types of expansion buses are

‘contemplated. The memory controller 30 is also coupled

to a main memory array 32, where the memory array 32
preferably comprises dynamic random access memory
(DRAM). A data destination facility (DDF), otherwise

vknown as memory mapper logic 34, is coupled to the

memory controller 30 and the memory array 32, and
provides memory mapping functions to facilitate memory
accesses to the memory array 32. The memory mapper 34
is used in the preferred embodiment to generate a
signal HLOCAL*, which is asserted low when an address

‘appearing on the host bus 24 is to the memory array 32.

An asterisk at the end of a signal name denotes
negative logic where the signal is asserted low and
negated high.

The computer system C includes an EISA bus
controller (EBC) 40, which is coupled between the host
bus 24 and the EISA bus 42. The EBC 40 provides
various bus cycle translation and conversion functions
to facilitate transfers between the host bus 24 and the
EISA bus 42. A system data buffer (SDB) 44 is coupled
to the host bus 24, the EISA bus 42, the memory
controller 30 and the memory array 32. The connection
between the SDB 44 and the memory controller 30 is
preferably a memory bus 72, which includes 144 bits
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preferably comprising 128 data bits and 16 error check
bits. The SDB 44 functions to buffer and transfer data
between the host bus 24 and the memory array 32,
between the host bus 24 and the EISA bus 42 and between
the EISA bus 42 and the memory array 32.

A logic block referred to as the central system
peripheral (CSP) 46 is coupled between the host bus 24
and the EISA bus 42. The CSP 46 is coupled to logic
blocks referred to as the distributed system
peripherals (DSPs) 48a and 48b in the CPUs 20 and 22,
respectively, through a multiplexed (MUX) bus 50. For
more information on the operation of the MUX bus 50,
please see related copending application Serial No.

, entitled MULTIPLEXED COMMUNICATION PROTOCOL

BETWEEN CENTRAL AND DISTRIBUTED PERIPHERALS IN
MULTIPROCESSOR COMPUTER SYSTEMS, which is hereby
incorporated by reference. For more information on the
CSP 46 and the DSPs 48a and 48b, please see related
copending application Serial No. , entitled
ARRANGEMENT OF DMA, INTERRUPT AND TIMER FUNCTIONS TO
IMPLEMENT SYMMETRICAL PROCESSING IN A MULTIPROCESSOR
COMPUTER SYSTEM, which is hereby incorporated by
reference. The CSP 46 is also coupled to a keyboard
controller 62. The CSP 48 includes a direct memory
access (DMA) controller 47 which is preferably
implemented as a true EISA ‘bus controller, and will be
used to illustrate cycles initiated on the EISA bus 42
to the host bus 24 accessing the memory array 32.

The EISA bus 42 includes a plurality of EISA slots

52 and 54 for receiving EISA expansion cards, such as
network interface or hard disk interface cards for
examplé. EISA bus masters may reside on these EISA
expansion cards plugged into the EISA slots 52 and 54.
The EISA bus 42 is coupled through buffers 56 to a bus
referred to as the X bus 60. A number of peripheral
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devices are coupled to the X bus 60, including the
keyboard controller 62, a real time clock (RTC) 64, an
electrically erasable programmable read only memory
(EEPROM) 66, a floppy disk controller 68, and a
peripheral controller chip 70 which includes numerous
parallel ports and UARTS (universally a synchronous
receiver/transmitters). The CSP 46 is coupled to an 8-
bit data bus of the X bus 60 referred to as XD.

The CPUs 20 and 22 preferably include cache memory
and write back cache subsystems (not shown) which are
preferably implemented to follow a modified exclusive
shared invalid (MESI) protocol, where each of the cache
subsystems may be the exclusive owner of data which was
originally read from the memory array 32. The CPUs 20
or 22 may modify the data within its cache memory so
thatlthe new data is not the same as the data in the
corresponding memory location in the memory array 32.
The CPU 20 or 22 is then the exclusive owner of the
data at that particular memory address and is
responéible for maintaining the correctness of the data
provided in any future read operations to that address.
Also, the owner CPU must inform the other CPU having
data from the corresponding data address of the cycle
so that the other CPU can determine that its data is
now valid.

Thus, if one of the CPUs 20 or 22 attempts to
access data from the memory array 32 that is dirty, the
owner CPU detects this read request, causes the other
CPU that is on the host bus 24 to temporarily abort its
access and the owner CPU 22 updates or writes-back the
owned data to the memory array 32. In the preferred
embodiment, the write-back is to an entire line of
data, where each line is preferably 256 bits. Thus,
read or write accesses initiated on the EISA bus 42

should be run on the host bus 24 for two purposes.
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First, to perform a DDF snoop cycle so the memory
mapper 34 can indicate whether the EISA address is to
the memory array 32, and also to satisfy the write-back
protocol of the CPUs 20 and 22.

5 Referring now to Figures 2A and 2B, a block
diagram of the SDB 44 is shown which shows the
interface between the host bus 24, the EISA bus 42, and
the memory bus 72. Data is transferred from bus to bus
through the SDB 44 in data words preferably 256 bits

10 wide. For write operations to the memory array 32, 128
bits of data are transferred to the memory bus 72 from
the SDB 44 by a buffer 74 having its data input
connected to the output of a multiplexer 76. The input
of the multiplexer 76 is connected to the output of

15 another multiplexer 78, which receives the upper 128
bits of data from another multiplexer 80 and 128 data
bits transmitted by an EDC circuit 82. Each of the
inputs of the multiplexer 80 are preferably 288 bits
wide comprising 256 data bits or 32 bytes, and 32 byte

20 valid bits. Each byte valid bit identifies whether a
corresponding one of the 32 bytes of data is valid.

The second input of the first multiplexer 76 is
connected to the output of another multiplexer 84,
which receives the lower 128 bits of data from the

25 multiplexer 80 and the upper 128 data bits from the EDC
circuit 82, discussed in more detail below. The 32
byte valid bits are split in two and provided to the
16-bit select inputs of the multiplexers 78 and 84,
respectively. In this manner, only valid bytes from

30 the multiplexer 80 are provided to the multiplexers 78
and 84, whereas the remaining bytes are retrieved from
the EDC 82 during a read-merge-write operation,
described further below.

The 128-bit outputs of the multiplexers 78 and 84

35 are provided to a pair of check bit generators (CBGs)
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86 and 88. Each of the check bit generators 86 and 88
generates sixteen check bits based on the input data
bits. The output of the check bit generators 86 and 88
are provided to the inputs of another multiplexer 90,
which has a third set of inputs connected to the output
of a multiplexer 92. One of the inputs of the
multiplexer 92 is connected to the check bit output of
a memory data read latch 94, which receives the stored
check bits for a data doubleword when the doubleword is
read from the memory array 32. The other input of the
multiplexer 92 is connected to the lower sixteen output
bits of a multiplexer 96, which receives the upper 128
bits of the host bus data at one set of inputs, and the
lower 128 bits of the host bus data at another set of
inputs. The multiplexer 96 permits particular bits to
be provided to the check bit memory without accessing
the data bits in the memory array 32. This permits the
check bit memory to be tested independently of the data
memory. The output of the multiplexer 90 is pfovided
to a 16-bit buffer 98. The 16-bit output of the buffer
98 is connected to the memory bus 72 to store the check
bits in the memory array 32.

During read cycles from the memory array 32, data
and check bits read from the memory bus 72 are latched
by a 144-bit latch 94. The latched data and check bits
are then provided to the EDC circuit 82. The EDC
circuit 82 detects errors and provides corrected data
when data is retrieved from the memory array 32. If
only a partial write is provided to the multiplexer 80,
so that not all of the 32 byte valid bits are true, a
read-merge-write operation is performed at the
corresponding address from the memory array 32. 1In
this manner, a read is performed from the memory array
32 so that the remaining bytes are prévided from the
EDC 82, combined with the valid bytes from the
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multiplexer 80, and then provided to the multiplexers
78 and 84. To transmit data to the host bus 24 from
the memory bus 72, the data is first provided to a 128-
bit host-to-memory read latch 100, having the upper 64
5 bits of its output connected to a first set of inputs
of a host bus data multiplexer 102, and the lower 64
bits connected to a second set of inputs of the host
bus data multiplexer 102. A third set of inputs of the
host bus data multiplexer 102 is connected to a 64-bit
10 EISA bus-to-host read latch 104 which receives data
from an EISA transceiver 106. The host bus data
multiplexer 102 selects which 64 bits of data will be
transmitted to a 64-bit buffer 108 having its output
connected to the host bus 24 to drive data onto the
15 host bus 24.
' The output of the EDC circuit 82 is also provided
to one input of an EISA bus-to-memory read multiplexer
110 having two sets of inputs composed of 128 bits
each. The second set of inputs of the multiplexer 110
20 - receives data from the multiplexer 96. The output of
the EISA bus-to-memory read multiplexer 110 is
connected to the inputs of a secondary read data buffer
112, which preferably receives the data from the
multiplexer 110 in two sets of 128 bits for a total of
25 256 bits. The secondary read data buffér 112,
therefore, is preferably 256 bits wide and has two
latch enable bits referred to as EMRDLES<1..0>,
respectively, to latch the data from two cycles from
the multiplexer 110. The secondary read data buffer
30 112 provides its output to the input of a 256-bit
primary read data buffer 113. The primary and
secondary read data buffers form the read data portion
of the double buffer in the preferred embodiment. The
primary read data buffer 113 receives a latch enable
35 signal, referred to as PL, which latches the 256 bits
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of data from the secondary read data buffer 112. The
primary read data buffer 113 has its output connected
to the input of an EISA read multiplexer 114. The EISA
read multiplexer 114 then transmits data to the EISA
transceiver 106 in 32-bit sets. The data provided to
the transceiver 106 is transmitted to the EISA bus 42.

Data to be transmitted to the memory bus 72 from
the EISA bus 42 is loaded into the transceiver 106 and
provided to a 288-bit primary write data buffer 124, 32
bits at a time. The primary write data buffer 124
includes 8 latch enables referred to as EMWTLEP<7..0>,
respectively, corresponding to eight 32-bit buffers
within the primary write data buffer 124. The SDB 44
includes logic to determine which of the EMWTLEP <7..0>
latch enable signals are to be asserted, which further
depends upon the address asserted on the EISA bus 42..
The 32 byte valid bits are provided to the remaining 32
bits the primary write data buffer 124. The outputs of
the primary write data buffer 124 are provided to
corresponding inputs of a 288-bit secondary write data
buffer 125, which receives a latch enable signal
referred to as SL to latch data from the primary write
data buffer 124 to the secondary write data buffer.
The outputs of the secondary write data buffer 125 are
provided to a second set of inputs of the multiplexer
80. '

Data to be transferred from the host bus 24 to the
EISA bus 42 is latched into a 64-bit host-to-EISA write
latch 116 connected through a 64-bit buffer 118 to the
host bus 24. Data is then transmitted to a host-to-
EISA write multiplexer 120, which transmits data to an
EISA assembly latch 122 in 32-bit sets. The assembly
ljatch 122 then transmits the data to the transceiver
106 to be proQided to the EISA bus 42. The inputs of
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the assembly latch 122 are also connected to the
outputs of the transceiver 106 for EISA byte assembly.
To transfer data from the EISA bus 42 to the host
bus 24, data from the EISA bus 42 is received by the
5 transceiver 106 and provided in sets of 32 bits to the
EISA bus-to-host read latch 104. The EISA bus-to-host
read latch 104 is a 64-bit latch, which is connected to
the third input of the host bus data multiplexer 102.
As previously indicated, the multiplexer 102 transmits
10 data to the host bus 24 through the 64-bit buffer 108.
Data to be transmitted to the memory bus 72 from
the host bus 24 is loaded in 64-bit sets into a set of
four host-to-memory write latches 126, 128, 130 and
132. The host-to-memory write latches 126, 128, 130
15 and 132 receive data from the host bus 24 and transmit
the data to a second input of the multiplexer 80. Also
8 byte valid bits are provided to each of the latches
126, 128, 130 and 132 indicating the valid bytes as
described previously. The four 8-byte valid bits are
20 combined to form a second set of 32 byte valid bits
from the host bus 24. Using the select input of the
multiplexer 80, the computer system C indicates which
bus data is to be transferred to the memory bus 72.
Referring now to Figures 3A and 3B, a block
25 diagram is shown illustrating EISA host master (EHM)
logic 150, which is incorporated into the memory
controller 30 of Figure 1. The EHM logic 150 runs
cycles on the host bus 24 in response to memory
accesses initiated on the EISA bus 40 including DMA,
30 RAM refresh and accesses initiated by EISA and ISA bus
masters attached to the EISA bus 42. In general, the
EHM logic 150 includes an EISA bus tracker (EBTCTL)
158, which is connected to and follows the activity on
the EISA bus 42 and provides signals to an EISA host
35 master controller (EHMCTL) 160 to indicate when new
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addresses are present, or when data is expected to be
valid. The EHMCTL 160 is the primary controller for
the EHM logic 150, which detects and controls the
various memory cycles to and from the memory array 32.
The EHMCTL 160 includes control signals, described
further below, which are used to control the primary
and secondary read and write data buffers 112, 113, 124
and 125 in the SDB 44. Address control logic (ADDCTL)
162 latches primary and secondary addresses
corresponding to the primary and secondary data buffers
112, 113, 124 and 125, compares the primary and
secondary addresses to the current EISA address
generating address flags, and receives strobe and
control signals from the EHMCTL 160 and a host bus
controller (HBUSCTL) 176. The HBUSCTL 176 monitors and
controls all access of the host bus 24 by the EHM logic
150.

The EBTCTL 158 supports normal EISA cycles, RAM
refresh cycles, 32-bit EISA burst cycles and ISA
cycles, which are all described more fully below. The
EBTCTL 158 generates two strobe signals referred to as
SAMPADR and SAMPDAT, which are address and data trigger
mechanisms, respectively, provided to the EHMCTL 160.
The SAMPADR and SAMPDAT strobes are synchronous pulses

‘which are gated with the START* and CMD* signals

residing on the EISA bus 42 at times when they are
guaranteed to be stable, and in time for the EHMCTL 160
to stretch a clock signal referred to as BCLK residing
on the EISA bus 42 if the EHMCTL 160 is not ready to
continue. The START* signal indicates the beginning of
an EISA cycle after an EISA address becomes valid,
which is negated after one nominal BCLK period. The
CMD* signal provides data timing control for the EISA
bus 42 and is asserted low simultaneously as the START#*

signal is negated, and remains asserted until the

PCT/US93/09366
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nominal end of the EISA cycle. The BCLK signal is the
main clock signal for the EISA bus 42, which preferably
operates at approximately 8.333 MHz. The low portion
of the BCLK signal is stretched by the EBC 40 upon the
assertion of a signal referred to as STRETCH*, which is
asserted by the EHMCTL 160, described further below.
The equations for the SAMPADR and SAMPDAT strobes

are as follows:

SAMPADR = M25 & (START* + (CMD* & MSBURST*)) & SBCLK2
M33 & (START* + (CMD* & MSBURST*)) & SBCLK3
SMRDC & ISA
SMWTC & ISA

+ + +

CMD* & M25 & SBCLK2
CMD* & M33 & SBCLK3
SMRDC & ISA
SMWTC & ISA

SAMPDAT

+ 4+ o+

where the "&" symbol denotes the lOgical AND operation
and the symbol "+" indicates the logical OR operation.
A signal SBCLK2 is a clock signal which is one HCLK
period in duration and can be sampled asserted on the
occurrence of the second HCLK signal after the BCLK
signal is asserted. A signal SBCLK3 is the same as the
SBCLK2 signal delayed by one HCLK. A signal referred
to as ISA is asserted only in ISA bus master mode,
where the mode is indicated by mode signals referred to
as EBMODE<1..0>. The EISA bus mode is indicated by the
EBMODE <1..0> signals which are provided from the EBC
40 to indicate which type of master currently has
control of the EISA bus 42. The EBMODE<> signals equal
00 if the master is the CPU, 01 if the master is a
refresh controller, 10 if the master is an ISA master
and 11 if the bus master is an EISA or, DMA bus master.
A signal M25 is asserted for non-CPU cycles operating
in 25 MHz mode, and a signal M33 is asserted for non-
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CPU cycles when operating in 33 MHz mode. Two signals
referred to as SMRDC and SMWTC correspond to the ISA
memory read and write control strobes MRDC* and MWTC%*,
respectively, except synchronized with the falling edge
of HCLK in the 25 MHz mode and with the rising edge of
the HCLK in the 33 MHz mode. A signal MSBURST* is an
EISA bus master burst signal, which is asserted low
wheh the bus master can support a burst cycle as the
next cycle. The MSBURST* signal is used by the memory
controller 30 to track cycles on the EISA bus 42.

The EBTCTL 158 receives a memory I/0 signal,
referred to as MIO, and a read/write signal, referred
to as WR, to determine whether memory read or write
cycles are indicated. . The EBTCTL 158 provides three
strobes to the EHMCTL 160, referred to as READ, WRITE
and REFRESH to indicate read, write and refresh cycles,
respectively, which are defined as follows:

WRITE = EISAMODE & WR + ISAMODE & MWTC*
READ = EISAMODE & ~WR + ISAMODE & MRDC*

REFRESH = REFRESHMODE
' + CPUMODE & DHOLD & ELOCK* & ~BRKLCKFLG

where EISAMODE, ISAMODE, REFRESHMODE and CPUMODE are
determined from the EBMODE<> signals, a BRKLCKFLG flag
is set when a RAM refresh cycle is triggered in the CPU
mode, and cleared whenever a signal DHOLD or a signal
ELOCK* is sampled at the rising edge of the BCLK
signal, thus causing only one RAM refresh cycle when
both of the DHOLD and ELOCK* signals are asserted
together. The ELOCK* signal is an EISA lock signal
giving a device exclusive access to the EISA bus.

Two other strobes, referred to as SAMPALCK and
SAMPDLCK, are generated by the EBTCTL 158 to trigger
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the EHMCTL 160 to sample the ELOCK* signal. The
SAMPALCK signal is active for one HCLK period after the
SAMPADR signal is active in DMA mode. The SAMPDLCK
signal is active for one HCLK period after the SAMPDAT
5 signal is asserted in DMA mode. This is required due
to the long setup requirement of the ELOCK* signal in
the EISA specification. The EBC 40 delays the BCLK
signal one HCLK period if the ELOCK* signal "is first
sampled active with the SAMPDLCK signal, allowing the
10 ELOCK* signal to properly setup to the EHM logic 150
and determine if the STRETCH* signal should be
asserted. If the ELOCK* signal is first sampled active
with the SAMPALCK signal, the EBC 40 does not delay the
BCLK signal since the STRETCH* signal can be asserted
15 during the CMD* portion of the EISA cycle. A signal
EBTSTRETCH* is the ISA bus master stretch signal.
During ISA cycles, the EBTSTRETCH* signal is active low
when the SAMPADR signal is active high. The
EBTSTRETCH* signal is ANDed with other stretch signals
20 within the EHMCTL 160, which allows the EBC 40 to
assert a signal CHRDY with the MWTC* or the MRDC#*
signals, and to negate the CHRDY signal when the
STRETCH* signal is negated high, thus avoiding a race
condition with the CHRDY signal. Eight and 16-bit ISA
25 input/output (I/O) and memory slaves negate the CHRDY
signal to control the bus controller wait state timing
as known to those skilled in the art.
The ADDCTL 162 includes a master latch 172, which
receives the EISA bus 42 address signals, referred to
30 as the LA<31..3> address signals, at its input. The
LA<31..3> signals may also be referred to generally as
the LA<> signals. The master latch 172 is latched with
a signal LATADD* provided by the EBTCTL 158. When the
LATADD* signal is asserted low, the master latch 172 is
35 transparent so that the signals at its input are
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asserted at its output. The master latch 172 is
provided since stretched burst cycles will not hold an
EISA address valid. Therefore, during burst cycles,
the master latch 172 latches data when the LATADD*
signal is strobed high then low, thereby latching the
present EISA address. The master latch 172 is open for
all non-burst cycles since the EISA address is held
with the STRETCH* signal. The outputs of the master
latch 172 are connected to the inputs of a primary
address latch 152 corresponding to the primary read and
write data buffers 113 and 124. The outputs of the
master latch 172 are also provided to a secondary
address latch 154, which corresponds to the secondary
read and write data buffers 112 and 125 within the SDB
44.

' The primary address latch 152 receives a latch
control signal PRIADLAT* signal from the EHMCTL 160,
where the primary address latch 152 is transparent when
the PRIADLAT* signal is asserted low, and latched when
the PRIADLAT* signal is negated high. The secondary
address latch 154 receives a signal SECADLAT* from the
EHMCTL 160, which»opérates the same way as the
PRIADLAT* signal. The ADDCTL 162 includes increment
logic 156 coupled to the output of the primary address
latch 152 and to the input of the secéndary address
latch 154, where the increment logic 156 receives a
signal INCRE from the EHMCTL 160. The increment logic
156 is transparent when the INCRE signal is low, and
increments its input and provides an incremented
address at its output when the INCRE signal is asserted
high. Thus, the input of the secondary address latch
154 receives a primary address from the primary address
latch 152 when INCRE is low and an incremented version
of the primary address when INCRE is high. An address
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latched into the secondary address latch 154 is
referred to as the secondary address.

The EHM logic 150 also compares the EISA addresses
signals LA<31..3> on the EISA bus 42 with addresses

5 latched in the primary and second address latches 152
and 154, monitors EISA read and write cycles to
determine which buffers have or need valid data, and
runs cycles on the host bus 24 to load the primary and
secondary read data buffers 112 and 113 or to empty the

10 primary and secondary write data buffers 124 and 125
within the SDB 44. A comparator 164 receives and
compares the outputs of the master latch 172,
representing the LA<31..3> EISA address signals, and
also receives the outputs primary address latch 152,

15 and generates two flag signals referred to as DDFHIT
and PAHIT.

A comparator 166 receives the outputs of the
secondary address latch 154 and compares it to the
LA<31:5> EISA address signals and provides a flag

20 signal referred.to as SAHIT. A comparator 168 receives
the output of the primary address latch 152 and
compares it to the HA<31l..5> host address signals of
the host bus 24, and provides a corresponding flag
signal referred to as HPAHIT. A comparator 170 ’

25 receives the HA<31..5> host address signals and
compares them to the output of the secondary address
latch 154, providing a corresponding flag signal
referred to as HSAHIT. The DDFHIT, PAHIT, SAHIT,
HPAHIT and HSAHIT signals are defined as follows:

30
DDFHIT = (PA[31:17] == LA[31:17])

PAHIT = DDFHIT & (PA[16:6] == LA[16:6]) &
| ((BL64 * ~LHLOCMEM*) +
35 (PA[5) == LA[5]))
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SAHIT = DDFHIT & (SA[16:6) == LA[16:6])) &
((BL64 & ~LHLOCMEM*) +
(SA[5) == LA[5]))
HPAHIT = (PA[31:6] == HA[31:6] &

(BL64 + (PA[5] = LA[5])))

HSAHIT = (SA[31:6) == HA[31:6]) &
(BL64 + (SA[5]) == HA[5]))

where PA and SA denote the outputs of the primary and
secondary address latches 152 and 154, respectively,
the "==" symbol denotes corresponding bits of the
indicated latches are equal, and the "~" symbol denotes
logical negation. A signal BL64 signal is a 64 byte
line flag and a signal LHLOCMEM* is the latched version
of a signal HLOCMEM* which is used for the current DDF
page. Thus, the DDFHIT signal determines if an EISA
address is within the same DDF page as the current
primary address, where a DDF page is preferably 128
kbytes in length. The PAHIT signal determines whether
the EISA address is within the same line as indicated
by the primary address, where a line is preferably 256
bits. The SAHIT éignal.determines whether the EISA
address is within the same line as the secondary
address. The HPAHIT and HSAHIT signals determine if a
host bus master such as the CPU 20 or 22, is accessing
an address within the same line as the primary or
secondary addresses, respectively, corresponding to
data within the primary or secondary read and write
data buffers 112, 113, 124 and 125 of the SDB 44. The
HPAHIT and HSAHIT are used by snoop hit interrupt logic
(ESHI, not shown), which snoops host bus cycles to
determine if a CPU accesses a location which is v
currently buffered in the data buffers of the SDB '44.

A snoop read hit occurs, as indicated by a signal SNP-
READ-HIT, if the following condition is met:
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SNP-READ-HIT =: ~HADS* & LHADS & ~HWR & PWDATVAL &
HPARHIT + ~HADS* & LHADS & ~HWR & SWDATVAL

& HSAHIT

5 where ~HADS* & LHADS indicates that the HADS* signal
was asserted then negated, PWDATVAL indicates valid
data in the primary write data buffer 124, HWR is the
host read/write signal and SWDATVAL indicates valid
data in the secondary write data buffer 125. 1If a

10 snoop read hit occurs, the ESHI logic will assert a
signal NCERR* to cause a non-maskable interrupt (NMI),
and hold it asserted until the error indication is
read.

A snoop write hit occurs, as indicated by a signal

15 SNP-WRITE-HIT, if the following condition is met:

SNP_WRITE_HIT =: ~HADS* & LHADS & HWR & PRDATVAL & HPAHIT
+ ~HADS* & LHADS & ~HWR & SRDATVAL &

HSAHIT

20
where PRDATVAL indicates valid data in the primary read

data buffer 113 and SRDATVAL indicates valid data in
the secondary read data buffer 113. If a write hit
occurs, the ESHI logic marks the read buffers invalid,

25 but otherwise it will continue normal operation without
causing an interrupt or any other indication.

The ADDCTL 162 includes a multiplexer 178 which

receives the outputs of the primary address latch 152
at one input and the output of the secondary latch 154

30 at its other input. A signal PSSEL is a primary or
secondary select signal asserted by the EHMCTL 160,
which is provided to the select input of the
multiplexer 178. When the PSSEL signal is low, the
secondary address is provided and when high, the

35 primary address is provided at the output of the
multiplexer 178. The output of the multiplexer 178 is
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provided to one input of a multiplexer 180, which has
its other input connected to scrub cycle address
signals referred to as ADDCNT <28..5>, where the
remaining bits <31..29,4..3> are grounded. The
ADDCNT<> address signals are used to implement scrub
operations, described further below.

A signal SCRB is provided by the EHMCTL 160 to the
select input of the multiplexer 180, so that if the
SCRB signal is low, the output of the multiplexer 178
is selected and when the SCRB signal is high, the
ADDCNT<> signals are selected. The multiplexer 180
also includes an output enable input which receives a
signal HAOE from the HBUSCTL 176. The outputs of the
multiplexer 180 are connected to the HA<31..3> host bus
address signals. “The outputs of the multiplexer 180
are tri-stated when the HAOE signal is low, and driven
with the selected input of the multiplexer 180 when
high. An exclusive-OR tri-statable buffer 182 has one
input connected to a signal INVERT and another input

‘connected to the LA<4> address signal, and its output

connected to LA<4> address signal. The HAOE signal is
connected to an enable input of the exclusive-OR buffer
182, so that its output is tri-stated when the HAOE
signal is low, and drives the HA<4> signal when the
HAOE signal is asserted high. This is used for certain
memory to host bus operations.

The EHMCTL 160 is the main controller for the
entire EHM logic 150 which controls and detects read,
write, RAM refresh, local, non-local and scrub memory
cycles. The SAMPADR and SAMPDAT strobes from the
EBTCTL 158 indicate to the EHMCTL 160 to sample the
READ, WRITE and REFRESH strobes provided by the EBTCTL
158. These strobes determine the type of cycle to run
on the host bus 24, where the cycle types are defined
by the following eguations:
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~SAMPADR & WRITE = EHM host bus write cycle
~SAMPADR & READ = EHM host bus read cycle

5 ~SAMPADR & REFRESH = EHM host memory RAM refresh cycle

The EHMCTL 160 receives the DDFHIT, the PAHIT, the
SAHIT, the HPAHIT and the HSAHIT address flag signals
from the ADDCTL 162. The EHMCTL 160 latches the

10 appropriate address, stretches the BCLK signal if
necessary, locks the host bus 24 if required, triggers
the SDB 44 to move data from the primary write data
buffer 124 to the secondary write data buffer 125 and
from the secondary read data buffer 112 to the primary

15 read data buffer 113, generates the ADDCNT<> scrub
cycle addresses, and also generates a signal referred
Vto as EBREQ* used to request access to the host bus 24.
The EHMCTL 160 asserts a signal PL2SL* to the SDB 44,
which asserts the PL and SL signals in response to load

20 the primary read buffer 113 and the secondary write
buffer 125.

An arbitration circuit (not shown) within the
memory controller 30 receives the EBREQ* signal,
prioritizes other requests for the host bus 24, and

25 provides a signal EHACK* to the HBUSCTL 176 indicating
that the EHM logic 150 has won control of the host bus
24. For every initial write or read cycle, the EHMCTL
160 latches the HA<> EISA address into the primary
address latch 152 and the incremented or unincremented

30 address into the secondary address latch 154 by
asserting the PRIADLAT* and SECADLAT* signals. The
EHMCTL 160 asserts the INCRE signal high for read
cycles and low for write cycles. The EHMCTL 160 -also
snoops the DDF logic within the memory mapper 34 and

35 latches the HLOCAL* signal on the first rising edge of
the HCLK signal after a signal HADS* is sampled active,
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to generate the ELOCMEM* signal. The HADS* signal is a
start cycle indicator residing on the host bus 24,
which indicates that a new address is valid and
asserted on the host bus 24. If a host bus cycle is
initiated with either the DDFHIT negated low or if the
primary address latch 152 is open indicated by the
PRIADLAT* signal asserted low, then the ELOCMEM* signal
is driven to a determined level until the DDF
information is available.

The EHMCTL 160 also generates two status signals
referred to as HPS and HWORD*. The HPS signal
indicates whether the SDB 44 should fill the primary
read data buffer 113 or the secondary read data buffer
112. The HWORD* signal is used to distinguish between
write snoops and real write cycles by the EHM logic
150, where the HWORD* signal is negated high for write
snoops and asserted low to indicate write cycles
initiated on the EISA bus 42 to the memory array 32.

Referring now to Figure 4, a flowchart is shown
illustrating write cycles to memory from the EISA bus
42. In a step 200, the SAMPADR and WRITE strobes are
detected asserted indicating a write cycle from the
EISA bus 42 to the memory array 32 is to be performed.
If so, operation proceeds to a step 202 where it is

 determined whether the write cycle is an initial write

cycle which is indicated by the DDFHIT and PAHIT
signals being undefined as indicated by other
circuitry. If an initial write is indicated, operation
proceeds to a step 204 where a host snoop cycle is
performed. The host snoop cycle, otherwise referred to
as a DDFSNOOP cycle, is executed to determine if the
new EISA address within the new DDF page is contained
within the memory array 32 as determined by the HLOCAL*
signal provided by the DDF logic in the memory mapper
34, and from step 204, bperation returns to step 200.
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If the write cycle is not an initial write cycle
in step 202, operation proceeds to a step 205 to where
the EHMCTL 160 determines if the DDFHIT signal is
asserted. If the DDFHIT signal is not asserted, then a
DDF page miss has occurred where the new EISA address
is not in the same 128 kbyte DDF page as the primary
address, and operation proceeds to a step 206 where the
primary write data buffer 124 is checked to determine
if it contains valid data. If the primary write data
buffer 124 does not contain valid data in step 206,
operation proceeds to step 204 to perform the host
snoop cycle for the new EISA address to a new DDF page.
Otherwise, if the primary write data buffer 124
contains valid data in step 206, operation proceeds to
a step 208 where the EHMCTL 160 asserts the PL2SL*
signal to transfer data from the primary write data
buffer 124 to the secondary write data buffer 125.
Then, a host snoop cycle is executed on the host bus 24
to determine if the new EISA address to a new DDF page
is in the memory array 32. Then, another write cycle
is executed on the host bus 24 to write the data within
the secondary write data buffer 125 to the memory array

'32. From step 208, operation returns to step 200.

If the DDFHIT signal is true in step 205,
operation proceeds to a step 210 where the HLOCAL* and
the PAHIT signals are monitored. The HLOCAL* signal
indicated in step 210 is a latched version of the
HLOCAL* signal from the preceding write cycle. If the
HLOCAL* signal is negated high in step 210, then the
write cycle is not to the memory array 32 since it is
in the same DDF page as the previous write cycle and
operation returns to step 200. Also, if the PAHIT
signal is true in step 210, the SDB 44 loads the
primary write data buffer 124 with the new data and
sets the proper byte valid bits, and operation returns
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to step 200. In this manner, the EHMCTL 160 and the
SDB 44 continue loading the primary write data buffer
124 before executing a cycle on the host bus 24 to
write the data into the memory array 32.

In step 210, if the HLOCAL* signal is asserted low
and if the PAHIT signal is negated, so that the new
address is not within the same line as the primary
address, operation proceeds to step 212 where the
EHMCTL 160 asserts the PL2SL* signal causing the SDB 44
to shift the data from the primary write data buffer
124 to the secondary write data buffer 125, and then a
write cycle is executed on the host bus 24 to write the
data from the secondary write data buffer 125 to the
memory array 32. Also, the data from the curreht EISA
cycle is written into the primary data buffer 124 where

‘a corresponding one of the EMWTLEP<7..0> latch enable

signals is asserted by the SDB 44. At the completion
of the write cycle, the EHMCTL 160 asserts the
SECADLAT* signal low to open the secondary address
latch 154 in order to set up the correct address for
the next write cycle to the memory array 32. From step

212, operation proceeds back to step 200.

Referring now to Figure 5 a flowchart diagram is
shown illustrating EISA to host read cycles initiated
by a device on the EISA bus 42. Operation begins at a
step 220 where the SAMPADR and READ strobes indicate a
read cycle initiated on the EISA bus 42, so that
operation proceeds to a step 222. If not, operation
remains in step 220. The primary write data buffer 124
is checked in step 222 to determine if it contains
valid data. Any valid data within the primary write
data buffer 124 is flushed to the memory array 32
before proceeding with the read operation. This is
done in order to insure that the data in the memory
array 32 is up-to-date before performing the read
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operation. Thus, if the primary write data buffer 124
contains valid data, operation proceeds to step 224
where the EHMCTL 160 asserts the PL2SL* signal to
transfer data from the primary write data buffer 124 to
the secondary write data buffer 125, and a write cycle
is initiated on the host bus 24 to flush the data from
the secondary write data buffer 125 to the memory array
32.

If the primary write data buffer 124 does not
contain valid data in step 222, or after the operations
in step 224 are completed, operation proceeds to a step
226 where it is determined whether the read cycle is an
initial read or whether a DDF page miss has occurred.
In step 226, if an initial read occurs or if a DDF page
miss occurs, operation proceeds to a step 228 where a
host snoop cycle is executed on the host bus 24 and the
primary read data buffer 113 is loaded from the memory
array 32 through the secondary read data buffer 112 if
the address is to the memory array 32. If the address

"was one contained in the cache of a CPU, a write back

cycle would occur and the data would be received from
the cache rather than the memory array 32. If the
initial read is not to the memory array 32, no data is
loaded. The EISA address in the LA<> signals is
latched into the primary address latch 152 in either
case. Also in step 228, a flag referred to as NEEDSEC#*
is set equal to 0 indicating that the secondary read
data buffer 112 does not contain valid data. Operation
then proceeds back to step 220 from step 228. It is
noted that a DDF page miss is treated in a similar
manner as an initial read.

if an initial read is not occurring and if the
DDFHIT signal is asserted in step 226, operation
proceeds to a step 230 where a latched version of the
HLOCAL* signal is sampled as discussed previously for
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step 210. If the HLOCAL* signal is negated in step
230, operation returns to step 220 indicating a read
cycle to EISA memory and not to the memory array 32,
and where the primary address latch 152 remains closed
and does not open again until a mode change occurs or a
DDF page miss occurs. The EHMCTL 160 remains idle
during non-host read cycles. If the HLOCAL* signal is
asserted in step 230, operation proceeds to a step 232
where the NEEDSEC* flag and the PAHIT and the SAHIT
signals are sampled. If the NEEDSEC* flag is asserted,
or if the PAHIT and SAHIT signals are both not
asserted, operation proceeds to a step 234 where the
PAHIT signal is again sampled. If the PAHIT signal is
asserted in step 234, so that the new EISA address is
within the same line as the primary address, operation
proceeds to a step 236 from step 234 where a secondary
buffer £ill cycle occurs, where the secondary read data
buffer 112 is filled with data from the memory array 32
(or CPU cache in write back cases). Also in step 236,
the NEEDSEC* flag is set equal to 1, and operation
proceeds back to step 220. Additionally in step 236,
the required data is provided from the primary read
data buffer 113.

If the PAHIT signal is negated in step 234, then
operation proceeds to a step 238 where the primary read
data buffer 113 is filled from the memory array 32,
being latched through the secondary read data buffer
112 so that the data within the secondary read data
buffer 112 is no longer valid. Thus, in step 238, the
NEEDSEC* flag is set equal to 0 and operation returns
to step 220.

if the secondary buffer is full so that the .
NEEDSEC* flag is false, and if either the PAHIT or the
SAHIT signals are asserted in step 232, operation
proceeds to a step 240 where the SAHIT signal is again
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sampled. If the SAHIT signal is asserted in step 240,
operation proceeds to a step 242 where the EHMCTL 160
asserts the PL2SL* signal causing the SDB 44 to shift
the data from the secondary read data buffer 112 to the
primary read data buffer 113. The EHMCTL 160 also
asserts the PRIADLAT*, the SECADLAT* and the INCRE
signals, so that the primary address latch 152 latches
the current EISA address, and the current primary
address is incremented by the increment logic 156 and
provided to the secondary address latch 154. These
signals are negated within one or two HCLK periods
after being asserted to latch these addresses.
Operation then proceeds to step 236 from step 242,
where a host bus read cycle is executed to fill the now
empty secondary read data buffer 112 and the proper
data is provided to the EISA bus. From step 242,
operation returns to step 220. If the SAHIT signal is
negated in step 240, operation returns to step 220, the
SDB automatically providing the data from the primary
read data buffer 113..

It is noted that if the ELOCK#* signal goes active
any time during a host read cycle, the EHMCTL 160
stretches the BCLK signal on the EISA bus 42 and runs
another host read cycle if the EHM logic 150 is no
longer bus master, or if the secondary read data puffer
112 is full. The host bus 24 is then not given to
another master until a non-host mémory cycle occurs, or
until the ELOCK* signal is negated. If the ELOCK*
signal is negated during a write-back cycle, the HLOCK*
signal remains asserted until the write-back cycle is
completed.

Referring now to Figure 6, a flowchart diagram is
shown illustrating RAM refresh cycles executed on the
host bus 24. RAM refresh cycles cause the EHM logic
150 to arbitrate for the host bus 24 and trigger a RAM
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refresh cycle to the memory array 32. Operation begins
in a step 250 where the SAMPADR and the REFRESH strobes
are asserted indicating a RAM refresh cycle. If so,
operation proceeds to a step 252 where the primary
write data buffer 124 is checked for valid data. If
valid data exists in the primary write data buffer 124
in step 252, operation proceeds to a step 254 where the
PL2SL* signal is asserted to transfer the valid data
from the primary write data buffer 124 to the secondary
write data buffer 125. Then, a host write cycle is
executed to transfer the data from the secondary write
data buffer 125 to the memory array 32. If valid data
does not exist in the primary write data buffer 124 in
step 252, or after the operations of step 254 are
completed, operation proceeds to a step 256 where a RAM
refresh cycle is executed on the host bus 24. It is
noted that the BCLK signal on the EISA bus 42 is not
stretched by the EHMCTL 160 unless another non-CPU
cycle has been sampled before the previous cycle was
completed. From step 256, operation proceeds to a step
258 where it is determined whether a scrub cycle is to
be executed. During scrub operations, all the data in
the memory array 32 is checked using the EDC 82 to
verify the data. This is used to ensure that
correctable memory errors are fixed before they become
non-correctable errors.

In the preferred embodiment, the scrub cycle
mechanism can be disabled or enabled to execute after a
certain number of RAM refresh cycles, or may be enabled
to execute after every RAM refresh cycle in the
preferred embodiment. A scrub counter is used to count
the number of RAM refresh cycles to determine when to
execute a scrub cycle. Thus, the scrub counter is
incremented after every RAM refresh cycle and cleared
after every scrub cycle. If a scrub cycle is not to be
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executed in step 258, operation returns to step 250.
Otherwise, operation proceeds to a step 260 from step
258 and the host scrub cycle is executed. Note that if
a scrub cycle is executed in step 260, the SCRB signal
is asserted so that the ADDCNT <28..5> signals are
provided to the host address bus when the HAOE signal
is asserted. After the scrub cycle completes in step
260, operation returns to step 250.

Referring now to Figure 7, a timing diagram is
shown illustrating a normal EISA cycle with a host bus
operating at 25 MHz. The HCLK signal is shown at the
top of the diagram which operates at 25 MHz. It is
noted that two cycles are actually shown where the
first cycle is not stretched and the second cycle shows
the BCLK signal being stretched. The cycle begins at a
time TO when the LA<> signals become valid and the
START* signal is asserted low. The SAMPADR signal is
asserted one HCLK later at a time T2 and negated one
HCLK period later at a time T4. The falling edge of
the SAMPADR strobe is the event which triggers the
FHMCTL 160. The START#* signal is negated and the CMD*

signal is asserted at a time T6, where the data signals

of the EISA bus 42, referred to as the SD<> signals,
become valid. The SAMPDAT strobe is asserted one HCLK
later at a time T8 and remains true for one HCLK period
until a time T10. Again, the falling edge of the
SAMPDAT strobe is the triggering event to the EHMCTL
160. The first cycle ends one HCLK period later at a
time T12, when the second cycle begins. Thus, at the
time T12, the START* signal is asserted, the CMD*
signal is negated and the LA<> signals again become
valid with a new EISA address. The second cycle is
cimilar to the first except that the STRETCH* signal is
asserted at a time Tl16, which is two HCLK periods after
the time T12, and the STRETCH* signal remains asserted
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until a time T18. Note that while the STRETCH* signal
remains asserted, the BCLK signal remains low and is
only asserted high after the STRETCH* signal is negated
at the time T18. Thus, at a time T20, which is one
HCLK period after the time T18, the BCLK and CMD*
signals are again asserted and the START* signal is
negated to begin the data portion of the cycle.

Referring now to Figure 8, a timing diagram is
shown illustrating two typical ISA cycles with a host
bus operating at 25 MHz. The first cycle is
essentially a non-stretch cycle which begins at a time
T30 when the LA<> signals become valid. The MRDC#*
signal or the MWTC* signal is asserted approximately at
the time T30 depending upon whether the ISA cycle is a
read or a write cycle, and a signal SMXXC* is asserted
one HCLK period later at a time T32, where the SMXXC*
signal represents the SMRDC or SMWTC signals as
previously defined. The SAMPADR and SAMPDAT strobes
are asserted together at a time T34 and remain asserted
for one HCLK period until a time T36. The cycle
essentially completes at a time T38 when the SMXXC#*
signal is negated. The next cycle begins at a time T40
when the next EISA address on the LA<> signals becomes
valid. The second cycle is similar to the first cycle
except that the STRETCH* signal is asserted at a time
T44, two HCLK periods after the time T40, and remains
asserted until a time T46, where the BCLK signal
remains low during this time. Note the SAMPADR and
SAMPDAT strobes are asserted at the time T44 and remain
asserted for one HCLK period in a similar manner as
described for the first ISA cycles.

Referring now to Figures 9A and 9B a timing
diagram is shown illustrating DMA memory write cycles
to the memory array 32 at 25 MHz. The DMA controller
47 within the CSP 46 is used for illustrating the EISA
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cycles, since it is implemented to operate as a true
EISA bus master. Operation begins at a time T50 when
the START* signal is asserted low and when a signal CPU
is negated indicating a non-CPU bus master. The

5  falling edge of the SAMPADR strobe is detected at a
time T54, which is two HCLK periods after the time T50,
and which is indicated by an up arrow on the timing
diagram. The STRETCH*, PRIADLAT*, EBREQ* and SECADLAT#*
signals are all asserted low at the time T54 by the

10 EHMCTL 160. The EHMCTL 160 also asserts the PSSEL
signal high to select the primary address from the
primary address latch 152. The STRETCH* signal remains
low until the EHM logic 150 becomes the bus master of
the host bus 24 to perform its host snoop cycle on the

15 host bus 24, and remains low until after the output of
the DDF logic within the memory mapper 34 indicates
whether the address is to the memory array 32. This is
indicated by a signal SAMPLE DDF shown as an up arrow
in the timing diagrams. This is when the HLOéAL*

20 signal is sampled as provided by the memory mapper 34.
Eventually, the EHACK* signal is negated giving the EHM
logic 150 the host bus 24, which occurs at a time T56.
The time T56 is not necessarily one HCLK period after
the time T54. 1In effect, the BCLK signal is stretched

25 until the EHM logic 150 gains control of the host bus
24 to perform the host snoop cycle. The PRIADLAT*
signal is negated high at the time T56 to latch the
"EISA address. The SECADLAT* signal is negated high one
HCLK period later at a time T58 to latch the secondary

30 address, and the HADS* signal is asserted low at the
time T58 indicating the start of the cycle on the host
bus 24. When the HADS* signal is asserted low at the
time T58, the HAOE signal is also asgerted by the
HBUSCTL 176, thus driving the HA<> signals with the

35 primary address from the primary address latch 152.
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The cycle is stretched until the DDF is sampled which
occurs after a time T60 and before a time T62, each
which occur after consecutive HCLK periods after the
time T58.

5 The ¢cycle is a local cycle to the memory array 32
since the HLOCAL* signal is asserted, although not
shown in the timing diagrams. At the time Té62, the
cydle on the host bus 24 is completed by the assertion
of both the HRDY* and HBLAST* signals, when the address

10 appearing on the HA<> signals are no longer valid. The
HRDY* and HBLAST* signals are asserted high one HCLK
period later at a time T64, where the PSSEL signal is
negated and the CMD* signal is asserted low, indicating
the data portion of the cycle on the EISA bus 42. The

15 SAMPDAT strobe causes the SD<> data signals from the
EISA bus 42 to be latched at a time T68, which is two
HCLK periods after the time T64, also indicated by an
up arrow. The data from the EISA bus 42 is latched
through the transceiver 106 and into the primary write

20 - data buffer 124. This initial EISA write cycle ends
and a new cycle begins at a time T70, which is one HCLK
period after the time T68, when the START* signal is
again asserted low and the CMD* signal is negated high.
Recall that only 32 bits are written to the primary

25 write data buffer 124, which is 256 bits wide, so that
only those portions written are marked as valid as
indicated by the 32 byte valid bits.

At the time T70, a new cycle begins, and the
SAMPADR and WRITE strobes are detected at a time T74,

30 indicating another EISA write cycle. The comparator
164 asserts the PAHIT signal indicating that the EISA
address is within the same primary address line
currently residing in the primary address latch 152.
The‘data from the EISA bus 42 is correspondingly

35 written into the primary write data buffer 124 after a
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time T80, when the SAMPDAT strobe is provided to the
EHMCTL 160. The write cycle completes one HCLK period
later at a time T82. Note that the data stays in the
primary write data buffer 124 so that the host bus 24
is not accessed, leaving it free for other operations.
The cycle eﬁds at a time T82, when the START* signal is
asserted and the CMD* signal is negated indicating a
new cycle.

The SAMPADR strobe is indicated at a time T86, two
HCLK periods after the time T82, where the address is
compared with the address in the primary address latch
152 by the comparator 164. In this case, the
comparator 164 asserts the DDFHIT signal and negates
the PAHIT signal indicating a PA miss, so that the data
must be latched from the primary write data buffer 124
into the secondary write data buffer 125. Thus, at the
time T86, the PL2SL* signal is asserted low to latch
the data from the primary write data buffer 124 into
the secondary write data buffer 125 and the PRIADLAT*
signal is also asserted low latching the next EISA
address into the primary address latch 152. The EBREQ#%*
signal is asserted low at the time T86 to request the
host bus 24, so that the data in the secondary write
data latch 125 can be written into the memory array 32
through a read-merge-write cycle, as previously
discussed. Eventually, the EHACK* signal is asserted
low at a time T88 and the cycle on the host bus 24
begins one HCLK period later at a time T90, where the
HADS* signal is asserted low and the HAOE signal is
asserted high to place the address from the secondary
address latch 154 onto the HA<> address signals. The
HA<> address signals are valid between the time T90 and
a time T96, and the data from the secondary write data
buffer 125 is written into the memory array 32 at the
address asserted on the HA<> address signals. The
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HRDY* and HBLAST* signals are asserted low between
times T94 and T96 indicating the end of the cycle on
the host bus 24. Meanwhile, the CMD* signal is
asserted low at the time T88 and the SAMPDAT strobe is
asserted at a time T92 where new data is latched into
the primary write data buffer 124 from the EISA bus 42
through the transceiver 106.

A new write cycle begins at the time T94, and two
HCLK periods later, at a time T98 the SAMPADR strobe is
detected. The STRETCH signal is asserted low for 3
HCLK periods beginning at the time T98 until a time
T104 since the secondary write data buffer 125 is not
available. Since the DDFHIT signal is asserted and the
PAHIT signal is negated indicating a PA miss, new data
must be latched in. The SECADLAT* signal is asserted

‘low at the time T98 and then high one HCLK period later

at a time T100 to latch the address from the output of
the primary address latch 152 into the secondary
address latch 154. The remaining portion of the cycle
is vefy similar to the previous cycle, where the PL2SL*
signal is asserted at the time T102 and remains
asserted until a.time T104, so that the data is latched
from the primary write data buffer 124 to the secondary
write data buffer 125. Also, the PRIADLAT* signal is
asserted low at the time T104 to a time T106 to latch
the new EISA address into the primary address latch
152. The host bus cycle is initiated at a time T110
and completes at a time T116, and a new cycle on the
EISA bus 42 begins at a time T112. Two HCLK periods
after the time T112 at a time T116, the SAMPADR strobe
is provided to the EHMCTL 160, and the PAHIT signal is
asserted by the comparator 164. The SECADLAT* signal
is asserted between times T118 and T120 so that the
secondary address latch receives and latches the
address from the output of the primary address latch
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152. At a time T122, the SAMPDAT strobe is provided so
that the data from the EISA bus 42 is written to the
primary write data buffer 124, and the cycle completes
and a new cycle begins at a time T124.

5 Two HCLK periods later at a time T128, the SAMPADR
strobe is detected indicating a write cycle. The
DDFHIT signal is negated indicating a DDF page miss, so
the STRETCH*, the EBREQ*, the PRIADLAT*, the PL2SL* and
the PSSEL signals are all asserted so that the new

10 address is latched into the primary address latch 152,
the data from the primary write data buffer 124 is
latched into the secondary write buffer 125 and the
host bus 24 is requested to perform a snoop cycle and
then a write cycle. Eventually at a time T132, the

15 EHACK* signal is asserted and a snoop cycle is
initiated on the host bus 24 at a time T134, where the
address in the primary address latch 152 is provided to
the host bus 24. The SAMPLE DDF strobe occurs between
a time T136 and a time T138, where the HLOCAL* signal

20 is sampled asserted low by the EHMCTL 160 indicating
that the new address is to the memory array 32. The
host bus snoop cycle completes at a time T140 after the
HRDY* and HBLAST* signals are asserted and negated.

One HCLK period later at a time T142, a new cycle on

25 the host bus 24 is initiated where the address from the
secondary address latch 154 is asserted on the host bus
24 and where the data from the secondary write data
buffer 125 is written to the memory array 32.
Meanwhile, at the time T142, the SAMPDAT strobe is

30 détected during the new data portion of the EISA bus 42
so that the data from the EISA bus 42 is latched
through the transceiver 106 into the primary write data
buffer 124.

At a time T146, a new cycle begins on the EISA bus

35 42 where at a time T150, two HCLK periods later, the
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SAMPADR strobe- is detected by the EHMCTL 160. The
PAHIT signal is asserted by the comparator 164 and
since the new DDF page from the previous cycle is to
the memory array 32, the data is eventually latched
5 from the EISA bus 42 into the primary write data buffer
124 3 HCLK periods later at a time T156, after the
SAMPDAT strobe is detected. The SECADLAT* signal is
asserted low between a time T154 and the time T156, so
that the primary address is latched into the secondary
10 address latch 154. At a time T158, a new cycle begins
which is anything other than non-CPU memory writes to
the memory array 32, such as a refresh cycle or a read
cycle. During this time, data is moved from the
primary write data buffer 124 to the secondary write
15 data buffer 125. A cycle on the host bus 24 is
initiated to write the data from the secondary write
data buffer 125 into the memory array 32. Note also
that at a time Ti164, the PRIADLAT* signal is asserted
to prepare the primary address latch 152 to latch the
20 next EISA address.

Referring now to Figure 10, a timing diagram is
shown illustrating DMA memory read cycles to the memory
array 32. An initial read cycle begins at a time T200
where the START* signal is asserted low. The SAMPADR

25 strobe is detected at a time T204 as usual, which is
two HCLK periods after the time T200. Since EISA mode
is indicated as well as a read cycle at the time T204,
the address on the EISA bus 42 must be provided to the
host bus 24 for snooping and to determine if the cycle

30 is to the memory array 32. Thus, the STRETCH*, EBREQ%*,
PRIADLAT*, SECADLAT* and the PSSEL signals are asserted
to prbvide the EISA bus address to the multiplexer 180
for eventual assertion on the host bus 24. Also, the
HPS signal is asserted high indicatiné that this cycle

35 should fill the primary read data buffer 113 rather
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than the secondary read data buffer 112. It is noted
that during read cycles the INCRE signal is also

- asserted high so that the primary address is
‘incremented by the increment logic 156 before being

provided by the secondary address latch 154. Since an
initial .read cycle is oécurring, the NEEDSEC* flag is
also set true at the time T204 since the secondary read
data buffer 112 does not contain valid data. Although
the NEEDSEC* flag is shown asserted earlier than that
described in the flowchart diagram of Figure 5, it is
noted that either method will suffice as long as the
NEEDSEC* flag is consistently used to f£ill the
secondary write data buffer 112 when the PAHIT signal
is asserted during a subsequent read cycle. The EHACK*
signal is asserted low at a time T206, and the
PRIADLAT+* signal is also negated high as usual.

One HCLK period later at a time T208, a host bus
cycle is initiated while the HAOE signal is also
asserted, providing the primary address from the
primary address latch 152 onto the host bus 24. Also,
the SECADLAT* signal is negated at the time T208 to
latch the incremented primary address into the
secondary address latch 154. The SAMPLE DDF strobe
occurs after a time T210, where it is determined that
the read cycle is to the memory array 32, and the host
snoop and primary fill cycle is completed at a time
T212 where the STRETCH* and EBREQ* signals are negated.
From the time T212 to a time T222, the data located at
the address indicated by the PA address on the HA<>
address signals is provided to the memory array 32, and
this data is latched through the secondary read data
buffer 112 to the primary read data buffer 113 as
indicated by the HPS signal asserted high and to the
EISA bus. At time T220 to T222 the second 128 bits of
data is received from the memory array 32 into the
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primary'read data buffer 113. Two cycles are needed as
the memory bus is only 128 bits wide but the read
buffers 112 and 113 are 256 bits wide. Additionally,
it is noted that the CPUs may actually perform write
back operations and the data be obtained during those
operations instead of reading the memory array 32 in
those cases. This is true of any of the memory read
operdations.

A new cycle begins on the EISA bus at a time T220,
where the START signal is asserted and the CMD* signal
is negated. Two HCLK periods later at a time T224, the
SAMPADR strobe is detected and the PAHIT signal is
asserted by the comparator 164. The NEEDSEC* flag is
false, indicating that the secondary read data buffer
112 should be filled from the memory array 32. Since
the PAHIT signal indicates the data is located in the
primary read data buffer 113, the SDB 44 provides the
data to the EISA bus 42. At the time T224, the
NEEDSEC* flag is false and the EBREQ* signal is
asserted low to request a cycle on the host bus 24 to
fill the secondary read data buffer 112. Eventually,
at a time T228, the EHACK* signal is asserted low and
the read cycle begins on the host bus 24 one HCLK
period later at a time T230, where the address from the
secondary address latch 154 is asserted on the HA<>
signals between the time T230 and a time T234. The
secondary read data buffer 112 is indicated by the HPS
signal negated low and the PSSEL signal also negated
low. The secondary address on the HA<> signals is
provided to the memory array 32, which provides data
from the memory array 32 to the SDB 44 and into the
secondary read data buffer 112. The read cycle to the
memory array 32 completes at a time T244. The EISA
read cycle wiil have previously compieted at time T232,
with the data being sourced directly from the primary



WO 94/08296 PCT/US93/09366

10

15

20

25

30

35

43

read data buffer 113. The memory read operation
effectively prefetches the next line, allowing faster
operations if sequential operations are being
performed.

Meanwhile, at a time T232 which is one HCLK period
after the time T230, a new cycle begins on the EISA bus
42 where the START* signal is asserted low. The
SAMPADR strobe is detected asserted after one HCLK
period at a time T236, at which time the comparator 164
again asserts the PAHIT signal. Since the PAHIT signal
is asserted, the data is provided from the primary read
data buffer 113 through the transceiver 106 onto the
EISA bus 42, and no further operation is necessary. It
is significant here to note that due to the double
buffering operations according to the present
invention, a new cycle on the host bus 24 is not
necessary since the data is already available.

At the time T244, a new cycle begins on the EISA
bus 42 and the EISA address is detected at a time T248
when the SAMPADR strobe is detected. The comparator
166 asserts the SAHIT signal indicating that the data
is located in the secondary read data buffer 112. The
data must be moved into the primary read data buffer
113 and a new data line should be loaded into the
secondary write data buffer 112. Thus, the EBREQ#*
signal is asserted low to request the host bus 24, and
the PL2SL* signal is asserted to transfer the contents
of the secondary read data buffer 112 to the primary
read data buffer 113. Further, the PRIADLAT*, the
INCRE and the SECADLAT* signal are all asserted to
capture the new EISA address into the primary address
latch 152, and to provide an incremented primary -
address from the increment logic 156 to the secondary
address latch 154, so that the secondary read data
buffer 112 can be filled with the next line of data
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from the memory array 32, to further continue the
prefetching.”

Eventually at a time T254, the EHACK* signal goes
low, and the cycle on the host bus 24 begins at a time
T256 where the address from the secondary address latch
154 is asserted on the host bus 24 and provided to the

‘memory array 32. The memory array 32 provides the next

line of data to the SDB 44, which is eventually
provided to the secondary read data buffer 112. The
cycle on the host bus 24 completes at a time T268.
Meanwhile, at a time T256, a new cycle on the EISA bus
42 is initiated where the PAHIT signal is asserted two
HCLK periods later at a time T260. Notice that the
data resides in the primary read data buffer 113 and
can be provided directly to the EISA bus 42 without

further need to access the host bus 24.

Referring now to Figure 11, a timing diagram is
shown illustrating a DMA write cycle to a memory device
other than the memory array 32, particularly one
located on the EISA bus 42. A cycle begins at a time
T280 on the EISA bus 42, where the SAMPADR strobe is
detected two HCLK periods later at a time T284. The
cycle may either an initial write or a cycle indicating
a DDF page miss. A host snoop cycle is necessary'to
determine if the write is to the memory array 32, so
that the EBREQ* signal is asserted low at the time
T284. The PRIADLAT* signal is toggled low then high
between the time T284 and a time T286, so that the EISA
address is latched into the primary address latch 152.
Eventually, the EHACK* signal is asserted low at the
time T286, and the host snoop cycle begins at a time
T288 with the assertion of the HADS* signal, where the
EISA address is asserted on the host bus 24. After a
time T290, the SAMPLE DDF occurs and the HLOCAL* signal
indicates that the EISA write cycle is not to the
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memory array 32. Since the memory write is not to the

memory array 32, no further action is taken and the

host bus 24 is released subsequently at a time T294.
It is significant to note that even though the

" write is not to the memory array 32, the EISA address

is saved in the primary address latch 152 for
comparison with a subsequent EISA address. The next
cycle begins at a time T300 on the EISA bus 42 where a
PAHIT is indicated at a time T304 by the comparator
164. Since the write occurs to the same line as the
primary address, and the primary address is not to the
memory array 32, no further action need be taken.
Since a snoop cycle updates an entire line and the new
address is to the same line, a snoop cycle on the host
bus 24 is not necessary. The following cycle begins at
a time T312 where a DDFHIT occurs at the time T316,
although a PA miss is also indicated. Thus, although
the write is not to the memory array 32, a snoop must
be performed on the host bus 24 to satisfy cache
invalidate protocol. A snoop cycle is subsequently
performed on the host bus 24 beginning at a time T320,
and which completes at a time T326.

Referring now to Figure 12, a timing diagram is
shown illustrating a DMA memory read cycle to non-host
memory. A new cycle begins on the EISA bus 42 at a
time T340 and the SAMPADR strobe is provided at a time
T344, indicating an initial write cycle. The STRETCH*
signal is asserted at the time T344 and the EBREQ*
signal is also asserted to request the host bus 24.
Note that the EISA address is latched into the primary
address latch 152 with the assertion and negation of
the PRIADLAT* signal between the time T344 and a time
T346. Thus, the EISA address is saved for comparison.
The EHACK* signal is asserted low at the time T346 and
the cycle begins on the host bus 24 at a time T348.
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The SAMPLE DDF strobe occurs after a time T350, where
it is determined that the cycle is to EISA memory and
not to the memory array 32. The host bus 24 is thus
released at a time T354. A new cycle begins at a time
T360 where the SAMPADR strobe occurs at a time T364 and
the comparator 164 asserts the DDFHIT signal. Since a
DDFHIT is indicated, the read cycle is still to the
EISA memory and not the memory array 32, so that no
further action is taken.

Referring now to Figure 13, a timing diagram is
shown illustrating a normal burst EISA cycle at 25 MHz.
It was previously noted that the master latch 172
remained open and transparent during non-burst cycles
since the address on the EISA bus 42 is held with the
STRETCH* signal. During burst cycles, however, the
master latch 172 is used to latch data with the LATADD#*
signal asserted by the EBTCTL 158, thereby allowing the
EISA address to be provided to the primary address
latch 152 and the secondary address latch 152 as well
as all the comparators 164, 166 and 170. The cycle
begins at a time T380 where the START* signal is
asserted low. The CMD* signal is asserted low at a
time T386, and the MSBURST* signal is asserted three
HCLK periods later at a time T392 indicating a burst
cycle. Subsequently at a time T394, the LATADD* signal
is negated high to anticipate a stretched burst cycle.
At a time T398, a third data set is asserted on the
SD<> data signals of the EISA bus 42 and the LATADD¥*
signal is asserted low one-half HCLK period later and
then is asserted high at a time T400. Subsequently, at
a time T402, the STRETCH* signal is asserted low at the
time T402 indicating a stretched burst EISA cycle.
Since the LATADD* signal latched the EISA address
signals into the master latch 172, the initial EISA
address remains valid to the primary address latch 152
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and the secondary address latch 154, while the EISA
address signals become invalid at the time T402 and are
asserted with a new address at approximately a time
T404. At a later time T406, new data appears on the
SD<> data signals and that the LATADD* signal is
strobed between the time T406 and a time T408, which is
one HCLK period after the time T406, so that the new
EISA address on the LA<> signals is latched through the
master address latch 172.

Referring now to Figures 14A and 14B, a timing
diagram is shown illustrating a burst write cycle to
memory array 32 in the 25 MHz mode. The burst write
cycle to the memory array 32 occurs in a very similar
manner as the DMA memory write cycles to the memory
array 32 shown in Figures 9A and 9B, so that the

, sequence of events are almost identical. A first cycle

begins at a time T420 which corresponds to the time T50
in Figures 9A and 9B. The cycle is very similar up to
a time T422, when the CMD* signal is asserted low

‘corresponding to the time T64 in Figures 9A and 9B.

From then on, times T424, T426, T428, T430, T432, T434
and T436 as indicated in Figures 14A and 14B correspond
to the times T70,.T82, T94, T112, T124, T146 and T158,
respectively, shown in Figures 9A and 9B. Although the
burst cycle executes a little faster than the regular
DMA cycles shown in Figures 9A and 9B, the two cycle
types are very much the same for purposes of this
disclosure. As discussed previously for Figure 13, the
LATADD* signal is strobed to latch in the EISA address
through the master latch 172 during the burst cycle
when stretch cycles occur.

Referring now to Figure 15, a timing diagram is
shown illustrating a burst read cycle to host memory in
the 25 MHz mode. The burst read cycle to host memory
show in Figure 15 is very similar to the DMA read cycle
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to host memory shown in Figure 10. At a time T450 to a
time T452 at the assertion of the CMD* signal, the
burst cycle is almost identical to the DMA cycle. From
then on, times T454, T456, T458, T460 and T462 as
indicated in Figure 15 are analogous to the times T220,
T232, T244, T256 and T268, respectively, as shown in
Figure 10.

Referring now to Figures 16A and 16B, a timing
diagram is shown illustrating an ISA write cycle to the
memory array 32 in a 25 MHz mode. Again, for all
practical purposes, the ISA write cycle to the memory
array 32 shown in Figures 16A and 16B is almost
identical to the DMA memory write cycle to the memory
array 32 shown in Figures 9A and 9B, except that the
MWTC* signal is used for timing purposes rather than
the START* and CMD* signals as is known. Also, the
STRETCH* signal and the EBREQ* signals are slightly
different. The remaining portions of the two cycle
types are very similar. Times T470, T472, T474, T476,
T478, T480, T482 and T484 are indicated in Figures 16A
and 16B, which are analogous to the times T50, T70,
T82, T94, T11l2, T1l24, T1l46 and T158, respectfully,
shown in Figures 9A and 9B.

Referring now to Figure 17 a timing diagram is
shown illustrating an ISA read cycles.to the memory
array 32 in a 25 MHz mode. Again, the ISA read cycles
shown in Figure 17 are very analogous to the DMA read
cycles shown in Figure 10, where times T490, T492,
T494, T496, T498 and T500 shown in Figure 17 are
analogous to the times T200, T220, T232, T244, T256 and
T268, respectfully, shown in Figure 10. The MRDC*
signal is used rather than the START* and CMD* signals,
and the STRETCH* and EBREQ* signals are somewhat
different. The remaining signals shown of the timing
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diagram of Figure 17 are very similar as those shown in
Figure 10. ‘

It can now be appreciated that the double
buffering apparatus and operations according to the
present invention reduces the hold times on the host
bus of a computer system. A primary write buffer and a
secondary write buffer implement a double write buffer;
where the primary buffer is filled with data from
several write cycles to the same line in memory from a
device on the expansion bus before the actual write
takes place. When a write occurs to a different line,
the data in the primary buffer is shifted to the
secondary write buffer and then written to main memory.
The new data is written to the primary write buffer to
start a new line. Writes within the same page need not

be snooped for DDF hits, and writes to the same line

need not be snooped to satisfy cache invalidate
protocol. For read cycles from main memory to the
expansion bus, a full line from memory is retrieved
into a primary read data buffer for access by the EISA
bus. If a subsequent read occurs to the same line, the

next line from main memory is retrieved into a

secondary read data buffer to anticipate hits next to
the first line. If another subsequent hit occurs to
the secondary read data buffer, the data is shifted to
the primary read data buffer and a new line is
retrieved into the secondary read data buffer. A
memory controller includes a primary and a secondary
address latch to compare the new expansion bus address
with previous addresses. The memory controller
includes the logic to control the address latches and
data buffers, and to control cycles to the host bus and
main memory.

The foregoing disclosure and description of the

invention are illustrative and explanatory thereof, and
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various changes in the size, shape, materials,
components, circuit elements, wiring connections and
contacts, as well as in the details of the illustrated
circuitry and construction and method of operation may

5 pbe made without departing from the spirit of the
invention.
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CLAIMS:
1. A computer system, comprising:
an expansion bus having address, data and
control signals, said data signal portion being of a
predetermined width;

a bus master connected to said expansion bus
for controlling operations of said expansion bus and
performing read and write operations;

a host bus having address, data and control

signals;

a CPU connected to said host bus for
controlling operations of said host bus and performing
read and write operations;

a main memory array;

means for controlling said main memory array;

means for transferring data between said
expansion bus, said host bus and said main memory
array, said means for transferring data including:

a plurality of latches connected between
said main memory array and said expansion bus, each of
said latches having a width of a plurality of said
expansion bus data'signal portion predetermined width,
said latches being arranged as a first write latch
connected to receive data from said expansion bus, a
second write latch connected to receive data from said
first write latch and provide data to said main memory
array, a first read latch connected to receive data
from said main memory array and a second read latch
connected to receive data from said first read latch
and to provide data to said expansion bus; and

means for controlling transfer of data
from said expansion bus to said first write latch to
said second write latch to said main memory array and
from said main memory array to said first read latch to
said second read latch to said expansion bus.
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1 2. The computer system of claim 1, wherein said
2 means for controlling transfer further includes:

3 means for storing the address of data

4 contained in the first write latch;

5 means for storing the address of data

6 contained in the second write latch;

7 means for storing the address of data

8 contained in the first read latch; and

9 means for storing the address of data

10 contained in the second read latch.

1 3. The computer system of claim 2, wherein said
2 means for controlling data transfer through said

3 latches includes:

4 means for loading said first write address

5 storage means and said first write latch with the

6 address and data on a first write operation;

7 means for comparing the address of a

8 subsequent write operation to said loaded first write
9 address to determine if the address is to a location
10 contained within said first write latch;
11 means for transferring said first write latch
12 data to said second write latch and said first write
13 address value to said second write address storage
14 means, transferring said second write latch data to
15 said main memory array and loading said first write
16 latch and said first write address storage means with
17 the data and address of said subsequent write operation
18 if said subsequent write operation is to a location not
19 contained within said first write latch; and
20 means for storing said subsequent write
21 operation data in said first write latch if said
22 subsequent write operation is to a location contained

within said first write latch.

N
W
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4. The computer system of claim 2, wherein said
means for controlling data transfer through said
latches includes:

means for loading said second read address
storage means with the address on a first read
operation, transferring data from said main memory
array to said second read latch and providing data from
said second read latch to said expansion bus after
transfer from said main memory array.

W 08 3 o8 1 & W N

5. The computer system of claim 4, wherein said
means for controlling data transfer through said
latches further includes:

means for comparing a subsequent read
6peration to determine if the address is to a location
having data contained in said second read latch; and

means for providing said subsequent data to
said expansion bus from said second read latch,
obtaining the data at the next sequential address from
said main memory array and storing said next sequential
data in said first read latch and said next sequential
address in said first read address storage means if
said subsequent read operation is to a location having
data contained in said second read latch.

W 0 3 60 1 b W NN
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6. The computer system of claim 5, wherein said
means for controlling data transfer through said
latches further includes:

means for comparing a subsequent read
operation after filling said first read latch and said
first read address storage means to determine if the
address is to a location having data in said second -
read latch; and

means for providing data to said expansion
bus from said second read latch if said subsequent read

W 0 9 68 O & W N B
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11 operation is to a location having data contained in

12 said second read latch.

1 7. The computer system of claim 5, wherein said
2 means for controlling data transfer through said
3 latches further includes:
4 means for comparing a subsequent read
5 operation after filling said first read latch and said
6 first read address storage means to determine if the
7 address is to a location having data in said first read
8 latch; and
9 means for transferring data from said first
10 read latch to said second read latch, transferring the
11 address value from said first read address storage
12 means to said second read address storage means,
13 providing said data from said second read latch to said
14 expansion bus, obtaining the data at the next
15 sequential address from said main memory array and
16 storing said nexq\sequential data in said first read
17 latch and said next sequential address in said first
18 read address storage means if said subsequent read
19 operation is to a location having data contained in
20 said first read latch.
1 ‘8. A computer system, comprising:
2 an expansion bus having address, data and
3 control signals, said data signal portion being of a
4 predetermined width;
5 a bus master connected to said expansion bus
6 for controlling operations of said expansion bus and
7 performing read and write operations;
8 a host bus having address, data and control
9 signals;
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43 means for loading said first write

44 address storage means and said first write latch with
45 the address and data on a first write operation;

46 means for comparing the address of a

47 subsequent write operation to said loaded first write
48 address to determine if the address is to a location
49 contained within said first write latch;

50 means for transferring said first write
51 latch data to said second write latch and said first
52 write address value to said second write address

53 storage means, transferring said second write latch

54 data to said main memory array and loading said first
55 write latch and said first write address storage means
56 with the data and address of said subsequent write

57 operation if said subsequent write operation is to a
58 location not contained within said first write latch;
59 means for storing said subsequent write
60 operation data in said first write latch if said

61 subsequént write operation is to a location contained
62 within said first write latch;

63 means for loading said second read

64 address storage means with the address on a first read
65 operation, transferring data from said main memory

66 array to said second read latch and providing data from
67 said second read latch to said expansion bus after

68 transfer from said main memory array;

69 means for comparing a subsequent read
70 operation to determine if the address is to a location
71 having data contained in said second read latch;

72 means for providing said subsequent data
73 to said expansion bus from said second read latch,

74 obtaining the data at the next sequential address from
75 said main memory array and storing said next sequential
76 data in said first read latch and said next seguential
77 address in said first read address storage means if
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78 said subsequent read operation is to a location having
79 data contained in said second read latch; B

80 means for comparing a subsequent read

81 operation after filling said first read latch and said
82 first read address storage means to determine if the

83 address is to a location having data in said second

84 read latch;

85 means for providing data to said

86 expansion bus from said second read latch if said

87 subsequent read operation is to a location having data
88 contained in said second read latch;

89 means for comparing a subsequent read

90 operation after filling said first read latch and said
91 first read address storage means to determine if the

92 address is to a location having data in said first read
93 latch; and

94 means for transferring data from said

95 first read latch to said second read latch,

96 transferring the address value from said first read

97 address storage means to said second read address

98 storage means, providing said data from said second

99 read latch to said expansion bus, obtaining the data at
100 the next sequential address from said main memory array
101 and storing said next sequential data in said first

102 read latch and said next sequential address in said

103 first read address storage means if said subsequent
104 read operation is to a location having data contained
105 in said first read latch.

9. The computer system of claims 4, 5, 7 or 8,
wherein said CPU includes a writeback cache system and
wherein said means for controlling data transfer

through said latches further includes:
means for providing the address value stored

in said first read address storage means on first read

A U W NN
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operations or the address value stored in said second
read address storage means in cases when said second
read latch is loaded to said host bus for snooping by
said writeback cache and for receiving data from said
writeback cache into the appropriate latch over said
host bus rather than from said main memory array during

writeback occurrences.

10. The computer system of claims 3 or 8, wherein
said CPU incudes a cache and wherein said means for
controlling data transfer through said latches further
includes:

means for providing the new address value
stored in said first write address storage means to
said host bus when said first write latch is loaded
with data for a new address, said new address being
provided to said host bus for use by said cache for

invalidation purposes.

11. The computer system of claims 3, 4 or 8,
further comprising:
means connected to said host bus for
identifying whether an address presented on said host
bus in a predetermined region is to be provided to said
main memory array or said expansion bus, and
wherein said means for controlling data
transfer through said latches further includes:
means for providing a new address to
said host bus when data having a new address is
provided to said first read latch or said first write
latch for determining if the address is to be provided
to said main memory array or said expansion bus and
latching said address, and
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15 wherein said first read and write latches
16 latch data only if said address is to be provided to
17 said main memory array.

1 12. The computer system of claim 11, wherein said

2 means for controlling data transfer through said

3 latches further includes:

4 means for monitoring a subsequent operation

5 on said expansion bus and determining if said

6 subsequent operation is within said predetermined

7 address region defined by said latched address provided

8 to said host bus; and

9 means for providing said subsequent operation
10 address to said host bus and determining if said

11 Subsequent address is to be provided to said main memry
12 array or said expansion bus and latching said address
13 as a new address if said subsequent operation address
14 is not within said predetermined address region.

1 13. The computer system of claims 4, 5, 6, 7 or

2 8, wherein said means for controlling data transfer

3 through said latches further includes:

4 means for monitoring write cycle addresses on

5 said host bus provided by said CPU and comparing said

6 addresses with the address stored in said first read

7 address storage means;

8 means for monitoring write cycle addresses on

9 said host bus provided by said CPU and comparing said
10 addresses with the address stored in said second read
11 address storage means; and

12 , means for invalidating the address values in
13 said first read address storage means and said second
14 read address storage means and data in said first and
15 second data latches if data is present in said first

read latch or said second read latch and said host bus

-
o
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17 write cycle address equals the address in said first
18 read address storage means or said second read address

19 storage means.

14. The computer system of claims 3 or 8, wherein
said means for controlling data transfer through said
latches further includes:

means for monitoring read cycle addresses on
said host bus provided by said CPU and comparing said
addresses with the address stored in said first write
address storage means;

means for monitoring read cycle addresses on
said host bus provided by said CPU and comparing said
addresses with the address stored in said second write

W 0 9 O B & W N P
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address storage means; and
means for indicating an error condition if

=
(S

data is present in said first write latch or said
second write latch and said host bus read cycle address
equals the address in said first write address storage
means or said second write address storage means.

e =
o U oW

15. The computer system of claims 3 or 8, wherein
said means for controlling data transfer through said
latches further includes:

means for monitoring subseguent expansion bus
cycles for refresh operations; and

means for transferring data from said first
and second write latches to said main memory array if
data is present in said first write latch or said

second write latch and said subseqguent operation is a

W O 3 U WD P
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refresh operation.



PCT/US93/09366

WO 94/08296

1/21

dlH) WITI0NINOD |- g9 2 29
0~ 2| ¥3T1041NO) ysia WO¥d33 1y oty
TVYIHdINAd AddO14 99 7%
p9—
i _/
7 sna X [ 7
S 28 N
M) M) 09 s¥3iing 9S
W 101S 1018 e~ | /
vsia vsia sng vsia 7
| QX\V
] INY v o VWa
0g 43 TI04INOD .o.m A 4 w7
AJOWIN (43d4ng (43T1041N0D (IvuaHdiyad  |—
_ VAVQ WILSAS) sng vsia) WILSAS TWHIND) | , oy
[ gaas )43 4s)
AVHYY
ve | ¥IddVK 0s
A aowan AHOKAN | , ¢ 0S~ sng XnW
NIVK
£ /
7 ) sna 15oH 7
ve
o I eap-2} 450 T2,
[ ]
I “m..,m nd |, 2z 0 Ndd 0z




PCT/US93/09366

WO 94/08296

2/21

= 7 (ugze)
<0 L> -~ SnA vsI3
82l (44 (43
v 18 dI1LMN3
28 | e 2€ .
¥ ]I Y » :m>_uwmz<5 VT ‘314
a0l *
== z
952 962 | _
A HOLV
G2l A~ ATan3ssy
vel LS |
<O 1> F / |
S31aHNI d Z6
_ |
El a rAYD P A 4 ¢€
7 - H”V
P -] | g2t 952 952
O 1
ol AN <~ i
» HOLV 2 en HOLVT o~ s A
oot _ # , . g
8zl 9 y94
A~ HoLv
aw L—
oo | vo
801 8l
¥9 v9
£
el (118 ¥9) NG LSOH



PCT/US93/09366

WO 94/08296

3/21

[ ]
\ \ 5a3 h ﬂ" “Mh 821
7 7 -
o ol 1 v ‘gz ) ? !
A e
7 28 I
v6
—1 9%, ]2 10) <
7 ' 2€ -
\ - g 952
al ol ol o
- 88 |
86
06
SLR) .
ya 4
R e "82 < 0: 552 > o5z
¢l g : 8. 08 .
9l o
gl
A g2l ze )i
g il ) - , ,
sng Nm\V, _\, ‘821
AHOWIW s ,
j ‘821 ? k
<0 > 96
—\ 8.1 4v9 8 A9 8 A9 84 ¥9
Z
) ‘
2143 8cl < 82 : 662 > HOIV1 HOLV HO1V1 HO1Y
vl of e m 261 oél gzl 921
I— w
vy e (118 ¥9 ) SNA LSOH



PCT/US93/09366

WO 94/08296
4/21

[ “HOST ADDRESS ADDCTL 82 " Fig, 3A

HAC31..3> —_—— — — 2=
| <31..5,3> —I

INVERT <0>
| . <4> — ) |
180 ’
182

SR LTI :
| SCRB__/ ] M?x ,OE\\ J HAOE |
|_ ADDCNT < 28..5 > |
| <31..295>,<4..3> |
I 178 V l

PSSEL MUX

170
| | + o) Vo |
| <4..3> COMPARATOR | HSAHIT | |
<31..5> =

| Vi |
| —* 166 |
| SECONDARY | 154 |

SECADLAT * | LATCH ? 4 COMPARATOR | SAHIT
l \ '-E<31 o5 <31..5> = |
| — |
| SECONDARY 156 |
| NCRE o LATCH L |
| <16..5> |
| - ' |
| PRIMARY 62 [ coMPARATOR |~ |
PRMDLATE Y LATCH ? ~ | <3t.m>= | DOPHIT |
I <31..3> <31..5> = | PAHIT '

i .
| T ' |
| LaTADD * M&%Ef 2 COMPARATOR - |
sORT: ? ~ <31..5> = AL

| <31..3> |




WO 94/08296 5 /2 PCT/US93/09366
1
HPAm
SAHI
L
INVERT
HBUSY*® | a4
HADS *
HBRDI *
HBOFF *
DDFHIT
PAHIT
SAHT
A ¥
EHMMODE < 1: 03| ﬁ"—"—sﬁﬁg%*»
- ELOCK * R
Flg. 3B  scaeen ——%%—E“@‘i-:—
SCRBFR RETCH L
CLRNCR * EHMCTL
ESHMSK  PRIADLAT 2
A< > | SECADLAT x
158 : - PRI_SEC
\ EHMCHK 'Nggg’
SAMPALCK PSSEL
SAMPDLCK o —SCRB...
'SAMPADR ADDCNT < 28.. .5,
MIO SAMPDAT .+ | NCERR
MSBURST* MDCENG | EHMSNPRD
START * a%Ar?E
e | EBTCTL [ —
MRDC * | RBFRESH .
MWTC NONCPU |
WR - EBTSTRETCH
EARBO *E e
E_H_M DEL1.: Q *
STRETCH* o] LATADD 2 o
SDVALIDWL SDVALIDWH *
1
176
% ;SDTRETCH % censlmg i
Y *
T e
EHACK s NOSHGOP S
HBOFF * -
HNA * HBUSCTL HAOE
L‘__E‘ﬁég'"nv""‘““* HBUSY_OE o
ALOCK*
~*HBLAST *
~“HADS * EIDLE
~HBUSY * | INVERT -
~EBREQ * -




WO 94/08296

6/21

200

SAMPADR

AND WRITE
?

YES
202

210

HLOCAL*

?

AND ~PAHIT

PCT/US93/09366

204
A~

HOST SNOOP

CYCLE

WRITE BUFFER
VALID?

NO

208
N

PRI — SEC
HOST SNOOP CYCLE [
HOST WRITE CYCLE

PRI — SEC
HOST WRITE
CYCLE

|, 212

Fig. 4




WO 94/08296 PCT/US93/09366

7/21
220
SAMPADR NO
AND READ
YES
222
WRITE PRI — SEC
YES 224
BUFFER VALID HOST WRITE |~
’ CYCLE ( FLUSH )
NO
HOST SNOOP CYCLE /
YES FILL PRIMARY -
NEEDSEC*=0
=7
228
230
HLOCAL* NO '
? -
YES e
232 234 N
NEEDSEC®
OR ~PAHITAND >YE> No R =
~SAHIT?
0 ‘\ YES
240 Y
YES | PL2SL*, PRIADLAT*, FILL SECONDARY | _|
SECADLAT*, INCRE NEEDSEC*=!
~ 7
NO 242 236

Fig.§



WO 94/08296 - PCT/US93/09366
8/21

250

SAMPADR

AND REFRESH
?

254
252 £
PRI — SEC
WRITE BUFFER HOST WRITE
VALID ? CYCLE ( FLUSH )
256 HOST
N REFRESH |ee
CYCLE
258
TIME TO NO B

SCRUB
?

260 HOST
N  SCRUB
CYCLE

Fig. 6



PCT/US93/09366

WO 94/08296

9/21

-ZHWN S2 : 310AD VSI3 TVNHON

9_# w1 01 g8l 8_:2 Nm_hoﬁ
| 1 T 1
L] _ LI 1LVadnvs
| _ L1 HAvdWYS
[ | : 1 : + HO1341S
-1 ) * OXXWS
a7 ﬂ__ 77 , +OLMW/OaHN
f { L1 L1 [ LI L w108
D G D | < >as
2 | X000 3. <>V
‘ N1OH
Q3HOLIHIS | Q3HOLIYULS LON | o
ZHN S2 :31DAD VSI S wm'.m
S m W atwdade

L t 1Vadvs

L_{ HAVdWYS

ﬂ||IMM|_ +« HOL3HIS

. + QND

. * LHV1S o
— _ M.l_ 1 [ L w108 L wmh

— > , < >as

X g muEx TR0 <>Vl

[ L W19H

Q3IHOLIHIS |  A3IHOLIHIS ION



PCT/US93/09366

10/21

gL <2l 80lL VOILL OOLL

14181
I

961

c6l

¥81 081
oHL _ 9otL _ 2oLl _ 861 _ 61 _ 061 _ 981 _ ¢8l _ 8/l _ 121} _ 0/l _ 991 _ 291 _ 851 _ 1211 _ 051
. I | | | | | _ | i | | | | | |

891 ¥91 091 961 ¢Sl

| S

— — -

g —

—I 1

Y

HOH1S HSN
13SSd
AO0TVNA

*+ QHOMH

* 1S¢1d
IMAINVAQS
HMAITVAQS
IMAnNvAad
HMAIMvAQd -
* 1V1avO3S
+ 1V1avidd
* 1SV18H

* AQHH
404 I1dAVS
* SAVH
<"">VH

+ J0VHI

*x D3HE3

+ HO13H1S

WO 94/08296

! (eleqd) Lvadwvs
_ (SIPY) HAVAWYS
' * QND

\ \

L 1UVIS 3 NdY/
1 I | [ 1 I | | l ] 1 | 1 | 1 | L1 A108

: : . AT0H
I av3ad vd ‘1IH 400 | avad vd '1iH 4da |

V6 314

1H vd | J1IMM TVILING |

(SNg LSOH NMO LNOG ) (3AOW ZHW S2 : G2W )
¢t AHOW3NW 1SOH Ol I3T0AD I1IHM AHOW3IW YNQA



PCT/US93/09366

WO 94/08296

11/21

o/lL 2L 8911 +voll O09tL 9GIL 2SiL 8wl ¥viL ObiL 9Ell 2ElL 82l vell 0OClL
_ vl _ 0L _ 99i1 _ coll _ 8Gl1 _ 14131 _ 0siL _ gvil _ chil _ 8€ll _ pELL _cmr_. _ 9cil | ¢2lL | 8sil
_ I _ | | | | | | | I | I

| I 1

_1

1 ) HOH1S HSN14
[ 13SSd

— L—

AJ01VINA

— . ] x GHOMH

11 % 1S¢d

IMAINVAQS

HMAIvAdS

TMAIvAdd

ol gl Sy S

| HMAIvAQd
[ 1L_ 1viavo3s

1 * 1V1avidd

—1 x1SvigaH
—1 * AQHH
400 31dWVS

* SAVH

v <> WH

* AOVH3

* 03483

+ HO13H1S
\J (e1eq) 1vadwvs
] (SIPY) HAVAWYS
1 + QWD

L[ *14vIS ¥ ndY/

35173 ONIHLANY |

a6 *S13

1H vd

( Sng 1SOH NMO LNOQ )
- 26 AHOW3W L1SOH OL1 ITOAD ILIHM AHOWIN YA

\ ] ] | . A108

Loy M10H

SSIN 400 | 1IH vd
( QO ZHW S2 : S2W )



PCT/US93/09366

WO 94/08296

12/21

1

0/21 9921 29zl 8S2l ¥S2L 0Gel 9¥el 2vel 8€C)l ¥E2l OEZL 92¢l <¢2al 8lgl viel Olel 9021 202l
‘ww_w._._ ﬁw_w.p_ow_m._._ om_N.r_ Nm_m._._wv_m.r_ vv_wk_ ov_m._._om_w._._ Nn_Nh_m.o._wh_ vu_w._._ cw_w._._ mw_wh_ Nr_m.— _ wo_wh_vo_mh_oo_wh

[ - 13SSd

+1S¢1d
SdH

[ HAIVAQS

HAIMvAQd

—  +03SA33N

AL L

— % 1V1QVO3S

T — x1Viavidd

-~ A

'

* 1SV19H

*+ AQHH

40a 31dWvS

* SAQVH

<" ">VH

* AOVH3

* D3HE3

* H01341S
(eled) LVAdWVS

- (SIpY) HAVAWVS

|

* GND

3813 | LHVd |

ONIHLANY

LH VS

orx ‘313

LHHVd! 1H vd!

avay ILNI |

(sng LSOH NMO LNOQ ) ( 3aOW ZHW G2 : SN )

¢€ AHOW3NW 1SOH Ol 3TOAD avid AHOWIANW VA

L 1HYIS § NdD/

X108
AT0H



PCT/US93/09366

13/21

WO 94/08296

9c€l ¢celL BIElL  ViEL ¢0EL 86¢L ¥62L 0621 98¢l <¢8Cl

8_2 _ jﬁ _ om_ﬂ _ o__ﬁ _ NP_E 3_2 _ 8_2 _ om_ﬁ _ 8_ﬁ _ 8_& _ vm_ﬁ _ 8_&
—1 — . —1 — . © x QHOMH
—/ _ ‘ * « dOONS
1 . ! l pa — + 1V1avIHd
1 1 + 1SV18H
1 ™ _ + AQHH
Y | . { 400 T1dWVS
™ . 1 . + SAVH
—EOR>— T <> vH
] ( 0 : + MOVHI
] L _.||_|.M +D3HA3
M . _ L ! + HOL3H1S
"y 1 _ 1 HAVAWYS
N ey SN ps FESNNEN e B ( TN
1. 1 T w. |+ 18IS ¥ Nd)/
I 1 I 1 [ | | | [ L ( rnl_|| 108
Y1OH
SSIN Vd % LIH 4aa | LM Vd | SSIW 40d HO JLIHM TILINI | |
(SN 1SOH NMO LNOG ) ( 3AOW ZHW S2 : S2W ) IX .w-r.u
AHOW3W LSOH-NON OL J19AD J1IHM AHOW3W YWA .



PCT/US93/09366

14/21

PGEL 0GEL 9vEL

E_E 8_2 8_9 _ Nm_ﬁ _ mv_ﬂ _ $._2 ov_ﬁ

. T — * 1V1avIdd

+ 1SV18H

« AGHH

400 I1dNYS

« SAVH

<> VH

* YOVH3

L + D3HE3

L « HOLIHLS
\J

LLL a1
Ik

HAVdANVS

I l I l : * QND

[ : 1 + 14V1S 3 Nd9/
|
[ | [ | f (| — 108

ooy rorre s X10H

WO 94/08296

1IH 4aa _ SSIW 400 HO avay WILINI |

| 3
(sng LSOH NMO LNOGQ ) (300N ZHW G2 : G2 ) ",ﬂ ._“
AHOWIW 1SOH-NON OL 31DAD dv3H AHOW3NWN VNG



PCT/US93/09366

15/21

WO 94/08296

€1 “S1a
90v1 Z0vL B6EL ¥BEL 0BEL 98EL  28EL
_ mo_ﬁ . E_E _ oo_ﬁ 8_2 _ 26E1 _ ww_ﬂ _ vm_ﬂ _ 0861
m M m [ + AQYLY
L] L] L 1L 1YAdNYS
L | i L1 HAVIWYS
_ - [TT WW \RuY . + 1SHNESW
[ ( 1 . _ +HO13H1S
] . — + QWD
! vv | 1 % LHV1S
— | ¢ [y T s B e %108
vx“ E X 2D I > < > as
00X ” ¥ X000 e[ X0000C 2 [ XXXX) Lo <>V
mlipgligigigigigigigigigigigigigigigigigigigigigh M10H
_ _ @3HOL3HIS _ | @3IHO13u1S ION |

ZHW S¢ - 310AD VSIid 1SHNd



PCT/US93/09366

WO 94/08296

16/21

ceErl
!

oevl
_

8cvl

gcrl
|

1744}
_

(44 4%
_

ocrl

OMLS HSN4
+ 1SHNESW

13SSd

AO001TVWA
* QHOMH

*1S¢1d

IMAINvAAS

HMQIVYAQS

IMAINYAQd

HMaINvAaQd
* 1V1avOo3s

* 1V1avidd

i =

s

+ 1SV18H
* AGHH

400 I1dWVS

+ SAVH

<> VH

* MOVH3

+ D3HE]

+ HOL341S
(e1eq) 1VAdWVYS
| - (sIPY) HAVAWYS
i * GND

SSIN |
400

HHVd |

| —

SSIN Vd ‘LIH 4aa |

vbr ‘813

SSIN vd |
1IH dad

LH Vd |

rrnrrurnrrnriririr

MM 1+ LHVIS 3 NdY/
L1 %108

. M10H
LM TVILING |

(SN LSOH NMO LNOQ ) ( 3QOW ZHW S¢ * SeW )
AHOW3N 1SOH Ol1 3TOAD 3I1lHM 1SHN™



PCT/US93/09366

WO 94/08296

17/21

1941
|

vevl

L [ OHlS HSNM

+ 1SHNES

13SSd

MO0TVAQ

| *+ GHOMH

* 1S¢d

TMAINVYAQS

HMaINvAds
TMAanvAaad

HMaIvAdd

x 1V1ava3Ss

+ 1V1avidd

1 1 * 1SY18H
TI_AI — I 1 *AdQuH

¥ 40Q 31dWYS

1 1 —J +SOVH

—Z <> VWH

* YOVH3
[ £ 0D34E3

+ HO1341S
(eled) LVAdWVS
(SIpY) HAVANVYS

« QWD
# 1HVIS ¥ NdO/

35713 ONIHLANY | LIH vd |

abvr 813

(sN8 1SOH NMO LNOQ ) ( IAOW ZHW G2 : 2N )
AHOWIW LSOH Ol IT1OAD 3LIHM 1SHNd

A108
MTOH



4141 091 8ar1 9G¥l 14141 4141 oSyl
| | | | I |

1 |« ISHNESW

PCT/US93/09366

1 14SSd
x 1S¢1d

SdH

| _  HAIVAQS

i 1 HAIlvAQd

T x03S033N
I | _ *1v1avo3s

_IL.I.JJJLIJL

1 ——  + 1V1QVidd

18/21

|

[

|
— e T e e * 1SV18H
. i + AQHH

' V! \ 400 I1dWYS
— I 1 S [ S X — I | * SAVH
—CXO— —CC¥O— —CCXD— <> VH

; \ + AOVH3

* 03483

+ HOL3H1S
| (e18Q) LYQdWVS
| (S5PY) HOVdAYS

il )
- -
bl

* QND

WO 94/08296

L 1HVIS 3 NdD/
A108
IMTOH

3573 ONIHLANY | 1H vd | uHvs 1Hvd T1Hvd | avay ILIN !

ST 31 L ('SNA 1SOH NMO LNOG ) ( 3AOW ZHW S2 © SZW )
== AHOWIW LSOH Ol JT10AD Qvad 1sHNg



PCT/US93/09366

WO 94/08296

19/21

iﬁ

8.1

9lvlL

vivi

clvl

0¥l

oHlS HSN14

[ - 13SSd

!
1

AJ0TVAQ
*+ GQHOMH

* 1S¢1d

IMAINVAQS

HMAIMvAQS

TMAIvAQd

HMalvAaad

/1

[ * 1V1AvO3s
* 1¥10vidd

)

;

| u

1
h_.lr
—

w

L l

'
\

* 1SVI9H

+ AQHH

444 I1dNVS
+ SAVH

< ">VH

* OVH3

| + 034493

| W—

L. xHOI3HIS
(eleq) 1lvAdWvs
‘ (sipy) HAVAWVS

e

T * LMW

pipipipiplipipipipipipl

=
n o
<
o

i 1 |

_
LI LI
1

SSIN vd ‘LIH 4aqg |

SSIN vd 'LiH daq |

VI ‘313

1HVd !

L1 A108

A10H

ILIHM VILING |

('sn8 1SOH NMO LNOQ ) ( 3IAOW ZHW S2 : S2W )
AHOWINW LSOH Ol ITOAD JLIHM VS



PCT/US93/09366

WO 94/08296

20/21

osyi
I

/

-

|

-

—1
—

l________1OHIS HSNT

13SSd
MOO0TVING

+ QGHOMH

* 1S¢1d
IMAINVAQS
HMAITVAQS
IMANvAaad
HMAaIvAdd
* LV1avO3ds
* Lv1avidd
+ 1SV18H

* AQHH

404 I1dAVS

* SAVH
<"">VH
* MOVH3
% 03483

+ HO1341S

(ele@) LVAdWVS
(sipy) HAVANVS

35713 ONIHLANY

491 “S13

B

1IH vd

SSIN 4aa

('sng LSOH NMO LNOQ ) ( 3dOW ZHW S2 : G2 )
AHOW3W 1SOH Ol JTOAD ALIHM VSI

* JLMN
A104
AT1OH



PCT/US93/09366

21/21

WO 94/08296

0051 86v1 96v.1 14148 (4941 06¥1

1 N | 13SSd
*1S8¢1d
| [ SdH
T HANvAdasS

f T Halnvadd
I L % 03Sa3aN
I 1 N I [+ 1viavo3s
1 . 1 * LV1avidHd

: _ * 1SV18H

d * AQHH
404 IdWvS
* SAQVH

_ <" ">VH
' MOVH3
r|_ + D3HE3
L_! « HO13H1S

1 (ele@) LVAdWVS
] Awiﬂvmc<m§<w

L «OJ0UW
A108
XT10H

3g13 | LHvVd | LH VS | LHVd | UHVd ! avay viILINg |
ONIHLANY

5 ('Sng LSOH NMO LNOG ) ( 3GOW ZHW SZ : 52N )
LY °S1g AHOWIW 1SOH OL J1DAD avay vsl



INTERNATIONAL SEARCH REPORT -

snai Applicaton No

PCT/US 93/09366

LASSIFICATION OF SUBJECT MATTER

GO6F12/02 GO6F13/40

A. C
IPC 5

According to Internanonal Patent Classification (IPC) or to both natonal classificaton and IPC

B. FIELDS SEARCHED

IPC 5 GO6F

Minimum documentation searched (classificabon system foilowed by classificauon symbols)

Documentation searched other than munimum documentation to the extent that such documnents are included tn the fields searched

Electronic data base consulted during the international search (name of data base and, where pracucal, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

S.P.A.) 7 December 1988

column 18, line 58; figures 1,4

INC.) 11 November 1987

column 8, line 21; figures 1-28

January 1992

figures 2,3,4

Y EP,A,0 293 720 (HONEYWELL BULL ITALIA

see page 6, column 10, line 50 - page 10,

Y EP,A,0 244 540 (MIPS COMPUTER SYSTEMS,

see page 4, column 6, line 27 - page 5,

A EP,A,0 468 823 (DELL USA CORPORATION) 29

see page 9, line 47 - page 12, line 41;

1-8

_/-_

Further documents are listed in the continuauon of box C.

m Patent family members are listed in annex.

* Special categories of cited documents :

“A’" document defining the general state of the art which is not
considered to be of particular relevance

E" carlier document but published on or after the international
filing date

"L° documnent which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other speaal reason (as specified)

°0O° docurnent referring to an oral disclosure, use, exhibition or
other means )

“P* document published prior to the international filing date but
later than the pnority date claimed

“T* later document published after the internatonal filing date
or priority date and not in conflict with the applicaton but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the caimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to.involve an inventve step when the
document is combined with one or more other such docu-
nx;!s, such combination being obvious to a person skilled
n the art.

‘&" document member of the same patent family

x

Date of the actual completion of the internanonal search

14 January 1994

Date of mailing of the internatonal search report

04 029

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HYV Rijswijk
Ted. (+31-70) 340-2040, T 31 651 epo nl,
Fax ( + 31-70) 340-3016

Authorized officer

JONES, H

Form PCT/ISA/210 (secand sheet) (July 1992)

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Inter: 1l Application No

PCT/US 93/09366

C.(Contnuaton) DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citazon of document, with indication, where approprate, of the relevant passages

Relevant to claim No.

A

EP,A,0 392 657 (TEKTRONIX, INC.) 17

October 1990
see page 9, column 15, line 10 - line 44;

figures 1,2

9-15

Form PCT/1SA/310 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

wiformation on patent family members

Intern .l Application No

PCT/US 93/09366

Patent document Publication Patent family Publication
cited in search report date member(s) date
EP-A-0293720 07-12-88 US~A- 4872138 03-10-89
EP-A-0244540 11-11-87 US-A- 4805098 14-02-89

JP-B- 4061383 30-09-92
JP-A- 62262160 14-11-87
EP-A-0468823 29-01-92 NONE
EP-A-0392657 17-10-90 Us-A- 5072369 10-12-91

JP-A- 2293958 05-12-90

Form PCT/1SA/210 (patent family annex) (July 1992}




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

