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PROVIDING SCALABLE DYNAMIC RANDOM ACCESS MEMORY (DRAM)
CACHE MANAGEMENT USING DRAM CACHE INDICATOR CACHES

PRIORITY CLAIM

[0001] The present application claims priority to U.S. Provisional Patent
Application Serial No. 62/298,088 filed on February 22, 2016 and entitled
“PROVIDING SCALABLE DYNAMIC RANDOM ACCESS MEMORY (DRAM)
CACHE MANAGEMENT USING DRAM CACHE INDICATOR CACHES,” the
contents of which is incorporated herein by reference in its entirety.

[0002] The present application claims priority to U.S. Patent Application Serial No.
15/228,320 filed on August 4, 2016 and entitled “PROVIDING SCALABLE
DYNAMIC RANDOM ACCESS MEMORY (DRAM) CACHE MANAGEMENT
USING DRAM CACHE INDICATOR CACHES,” the contents of which is

incorporated herein by reference in its entirety.

BACKGROUND
I. Field of the Disclosure

[0003] The technology of the disclosure relates generally to dynamic random access

memory (DRAM) management, and, in particular, to management of DRAM caches.

II. Background
[0004] The advent of die-stacked integrated circuits (ICs) composed of multiple
stacked dies that are vertically interconnected has enabled the development of die-
stacked dynamic random access memory (DRAM). Die-stacked DRAMs may be used
to implement what is referred to herein as “high-bandwidth memory.” High-bandwidth
memory provides greater bandwidth than conventional system memory DRAM, while
providing similar access latency. In some implementations, high-bandwidth memory
may also be “near” memory, or memory that is physically located closer to a memory
interface than other system memory DRAM. High-bandwidth memory may be used to
implement a DRAM cache to store frequently accessed data that was previously read
from a system memory DRAM and evicted from a higher level cache, such as a Level 3
(L3) cache as a non-limiting example. Providing a DRAM cache in high-bandwidth
memory may reduce memory contention on the system memory DRAM, and thus, in

effect, increase overall memory bandwidth.
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[0005] However, management of a DRAM cache in a high-bandwidth memory can
pose challenges. The DRAM cache may be orders of magnitude smaller in size than
system memory DRAM. Thus, because the DRAM cache can only store a subset of the
data in the system memory DRAM, efficient use of the DRAM cache depends on
intelligent selection of memory addresses to be stored. Accordingly, a DRAM cache
management mechanism should be capable of determining which memory addresses
should be selectively installed in the DRAM cache, and should be further capable of
determining when the memory addresses should be installed in and/or evicted from the
DRAM cache. It may also be desirable for a DRAM cache management mechanism to
minimize impact on access latency for the DRAM cache, and to be scalable with respect
to the DRAM cache size and/or the system memory DRAM size.

[0006] Some approaches to DRAM cache management utilize a cache for storing
tags corresponding to cached memory addresses, similar to how conventional caches
may be managed. Under one such approach, all of the tags associated with a DRAM
cache are stored in static random access memory (SRAM) on a compute die separate
from the high-bandwidth memory. However, this approach may not be sufficiently
scalable to the DRAM cache size, as larger DRAM cache sizes may require larger area
for tags that are not desired and/or are too large to store in SRAM. Another approach
involves locating the tags within the DRAM cache itself, instead of within the SRAM
on the compute die, and using a hit/miss predictor to determine whether a given
memory address is stored within the DRAM cache. While this latter approach
minimizes the usage of SRAM in the compute die, any incorrect predictions will result
in data being read from the system memory DRAM. For example, if the hit/miss
predictor incorrectly predicts that the memory address is located in the DRAM cache, a
latency penalty is incurred from an unnecessary read to the DRAM cache before reading
the memory address from the system memory DRAM. Conversely, if the hit/miss
predictor incorrectly predicts that the memory address is not located in the DRAM
cache, an opportunity to avoid an unnecessary read to the system memory DRAM may
be wasted. Unnecessary additional reads incur additional access latency, which may
negate any performance improvements resulting from using the DRAM cache.

[0007] Thus, it is desirable to provide scalable DRAM cache management to
improve memory bandwidth while minimizing SRAM consumption and latency

penalties.
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SUMMARY OF THE DISCLOSURE
[0008] Aspects disclosed in the detailed description include providing scalable

dynamic random access memory (DRAM) cache management using DRAM cache
indicator caches. In some aspects, a DRAM cache management circuit is provided to
manage access to a DRAM cache in a high-bandwidth memory. The DRAM cache
management circuit comprises a DRAM cache indicator cache that is used to cache
master table entries that contain DRAM cache indicators, and that are read from a
master table in a system memory DRAM. The DRAM cache indicators enable the
DRAM cache management circuit to determine whether a memory line in the system
memory DRAM is cached in the DRAM cache (i.e., implemented using the high-
bandwidth memory), and, if so, in which way of the DRAM cache the memory line is
stored. Based on the DRAM cache indicator cache, the DRAM cache management
circuit can determine whether a memory operation may be performed using the DRAM
cache and/or using the system memory DRAM. Some aspects of the DRAM cache
management circuit may further provide a load balancing circuit. In circumstances in
which data may be read from either the DRAM cache or the system memory DRAM,
the DRAM cache management circuit may use the load balancing circuit to select an
appropriate source from which to read data.

[0009] Further aspects of the DRAM cache management circuit may be configured
to operate in a write-through mode or a write-back mode. In the latter aspect, the
DRAM cache indicator cache may provide a dirty bit for each memory line stored
therein. In some aspects, the DRAM cache and/or the DRAM cache indicator cache
may be replenished based on a probabilistic determination by the DRAM cache
management circuit. For example, the DRAM cache management circuit may be
configured to replenish the DRAM cache and/or the DRAM cache indicator cache at
random intervals such that only a percentage of randomly selected data is written to the
DRAM cache and/or the DRAM cache indicator cache.

[0010] In another aspect, a DRAM cache management circuit is provided. The
DRAM cache management circuit is communicatively coupled to a DRAM cache that is
part of a high-bandwidth memory, and is further communicatively coupled to a system
memory DRAM. The DRAM cache management circuit comprises a DRAM cache
indicator cache that is configured to cache a plurality of DRAM cache indicators read
from a master table in the system memory DRAM. The plurality of DRAM cache

indicators indicate whether a corresponding memory line of the system memory DRAM
3
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is cached in the DRAM cache. The DRAM cache management circuit is configured to
receive a memory read request comprising a read address. The DRAM cache
management circuit is further configured to determine whether the read address is found
in the DRAM cache indicator cache. The DRAM cache management circuit is also
configured to, responsive to determining that the read address is not found in the
DRAM cache indicator cache, read data at the read address in the system memory
DRAM. The DRAM cache management circuit is additionally configured to,
responsive to determining that the read address is found in the DRAM cache indicator
cache, determine, based on the DRAM cache indicator cache, whether the read address
is found in the DRAM cache. The DRAM cache management circuit is further
configured to, responsive to determining that the read address is not found in the
DRAM cache, read data at the read address in the system memory DRAM. The DRAM
cache management circuit is also configured to, responsive to determining that the read
address is found in the DRAM cache, read data for the read address from the DRAM
cache.

[0011] In another aspect, a method for providing scalable DRAM cache
management is provided. The method comprises receiving, by a DRAM cache
management circuit, a memory read request comprising a read address. The method
further comprises determining whether the read address is found in a DRAM cache
indicator cache of the DRAM cache management circuit. The method also comprises,
responsive to determining that the read address is not found in the DRAM cache
indicator cache, reading data at the read address in a system memory DRAM. The
method additionally comprises, responsive to determining that the read address is found
in the DRAM cache indicator cache, determining, based on the DRAM cache indicator
cache, whether the read address is found in a DRAM cache that is part of a high-
bandwidth memory. The method also comprises, responsive to determining that the
read address is not found in the DRAM cache, reading data at the read address in the
system memory DRAM. The method additionally comprises, responsive to determining
that the read address is found in the DRAM cache, reading data for the read address
from the DRAM cache.

[0012] In another aspect, a DRAM cache management circuit is provided. The
DRAM cache management circuit comprises a means for receiving a memory read
request comprising a read address. The DRAM cache management circuit further

comprises a means for determining whether the read address is found in a DRAM cache
4
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indicator cache of the DRAM cache management circuit. The DRAM cache
management circuit also comprises a means for reading data at the read address in a
system memory DRAM, responsive to determining that the read address is not found in
the DRAM cache indicator cache. The DRAM cache management circuit additionally
comprises a means for determining, based on the DRAM cache indicator cache, whether
the read address is found in a DRAM cache that is part of a high-bandwidth memory,
responsive to determining that the read address is found in the DRAM cache indicator
cache. The DRAM cache management circuit further comprises a means for reading
data at the read address in the system memory DRAM, responsive to determining that
the read address is not found in the DRAM cache. The DRAM cache management
circuit also comprises a means for reading data for the read address from the DRAM
cache, responsive to determining that the read address is found in the DRAM cache.

[0013] In another aspect, a non-transitory computer-readable medium is provided,
having stored thereon computer-executable instructions. When executed by a processor,
the computer-executable instructions cause the processor to receive a memory read
request comprising a read address. The computer-executable instructions further cause
the processor to determine whether the read address is found in a DRAM cache
indicator cache of a DRAM cache management circuit. The computer-executable
instructions also cause the processor to, responsive to determining that the read address
is not found in the DRAM cache indicator cache, read data at the read address in a
system memory DRAM. The computer-executable instructions additionally cause the
processor to, responsive to determining that the read address is found in the DRAM
cache indicator cache, determine, based on the DRAM cache indicator cache, whether
the read address is found in a DRAM cache that is part of a high-bandwidth memory.
The computer-executable instructions further cause the processor to, responsive to
determining that the read address is not found in the DRAM cache, read data at the read
address in the system memory DRAM. The computer-executable instructions also
cause the processor to, responsive to determining that the read address is found in the

DRAM cache, read data for the read address from the DRAM cache.

BRIEF DESCRIPTION OF THE FIGURES

[0014] Figure 1 is a block diagram of a processor-based system including a high-

bandwidth memory providing a dynamic random access memory (DRAM) cache, and
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an exemplary DRAM cache management circuit for providing scalable DRAM cache
management using a DRAM cache indicator cache;

[0015] Figures 2A-2B are block diagrams illustrating exemplary master table entries
and DRAM cache indicator cache contents for two exemplary DRAM caches that may
be managed by the DRAM cache management circuit of Figure 1;

[0016] Figure 3 is a flowchart illustrating exemplary operations of the DRAM cache
management circuit of Figure 1 for performing a read operation using the DRAM cache
indicator cache and the DRAM cache of Figure 1;

[0017] Figures 4A-4C are flowcharts illustrating exemplary operations of the
DRAM cache management circuit of Figure 1 for performing a write operation resulting
from an eviction of “clean” (i.e., unmodified) data from a Level 3 (L3) cache in a write-
through mode or a write-back mode;

[0018] Figures 5A-5C are flowcharts illustrating exemplary operations of the
DRAM cache management circuit of Figure 1 for performing a write operation resulting
from an eviction of “dirty” (i.e., modified) data from an L3 cache in a write-through
mode;

[0019] Figures 6A-6D are flowcharts illustrating exemplary operations of the
DRAM cache management circuit of Figure 1 for performing a write operation resulting
from an eviction of dirty data from an L3 cache in a write-back mode; and

[0020] Figure 7 is a block diagram of an exemplary processor-based system that can

include the DRAM cache management circuit of Figure 1.

DETAILED DESCRIPTION

[0021] With reference now to the drawing figures, several exemplary aspects of the

present disclosure are described. The word “exemplary” is used herein to mean
“serving as an example, instance, or illustration.” Any aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects.

[0022] Aspects disclosed in the detailed description include providing scalable
dynamic random access memory (DRAM) cache management using DRAM cache
indicator caches. As described herein, a DRAM cache management scheme is
“scalable” in the sense that the size of the resources utilized by the DRAM cache
management scheme is relatively independent of the capacity of the DRAM cache being

managed. Accordingly, in this regard, Figure 1 is a block diagram of an exemplary
6
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processor-based system 100 that provides a DRAM cache management circuit 102 for
managing a DRAM cache 104 that is part of a high-bandwidth memory 106. The
processor-based system 100 includes a system memory DRAM 108, which, in some
aspects, may comprise one or more dual in-line memory modules (DIMMs) (not
shown). The processor-based system 100 further provides a compute die 110, on which
a system cache 112 (such as a Level 3 (L3) cache, as a non-limiting example) is located.
The processor-based system 100 may encompass any one of known digital logic
elements, semiconductor circuits, processing cores, and/or memory structures, among
other elements, or combinations thereof. Aspects described herein are not restricted to
any particular arrangement of elements, and the disclosed techniques may be easily
extended to various structures and layouts on semiconductor dies or packages. It is to
be understood that some aspects of the processor-based system 100 may include
elements in addition to those illustrated in Figure 1.

[0023] To improve memory bandwidth, the DRAM cache 104 within the high-
bandwidth memory 106 of the processor-based system 100 may be used to cache
memory addresses (not shown) and data (not shown) that were previously read from
memory lines 114(0)-114(X) within the system memory DRAM 108, and/or evicted
from the system cache 112. As non-limiting examples, some aspects may provide that
data may be cached in the DRAM cache 104 only upon reading the data from the
system memory DRAM 108, while in some aspects data may be cached in the DRAM
cache 104 only when evicted from the system cache 112. According to some aspects,
data may be cached in the DRAM cache 104 upon reading data from the system
memory DRAM 108 for reads triggered by processor loads and dirty evictions from the
system cache 112.

[0024] The DRAM cache 104 within the high-bandwidth memory 106 may be
accessed independently of and in parallel with the system memory DRAM 108. As a
result, memory bandwidth may be effectively increased by reading from both the
DRAM cache 104 and the system memory DRAM 108 at the same time. In some
aspects, the DRAM cache 104 may implement a random replacement policy to
determine candidates for eviction within the DRAM cache 104.

[0025] A master table 116 stored in the system memory DRAM 108 is used to track
which memory lines 114(0)-114(X) of the system memory DRAM 108 are stored in the
DRAM cache 104. It is to be understood that, as used herein, a “memory line” of the

system memory DRAM 108 refers to a portion of the system memory DRAM 108
7
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having a length equal to a length of a cache line (not shown) of the system cache 112.
The master table 116 contains master table entries 118(0)-118(M) for storing DRAM
cache indicators 120(0)-120(X) for each of the memory lines 114(0)-114(X) of the
system memory DRAM 108. Some aspects may provide that the size of each of the
master table entries 118(0)-118(M) corresponds to a memory access granularity of the
underlying memory. As a non-limiting example, for a memory access granularity of 64
bytes, each of the master table entries 118(0)-118(M) likewise comprises 64 bytes.
Thus, in aspects in which each of the DRAM cache indicators 120(0)-120(X) comprises
four (4) bits, each of the 64-byte master table entries 118(0)-118(M) of the master table
116 can store DRAM cache indicators 120(0)-120(X) for 128 memory lines 114(0)-
114(X) of the system memory DRAM 108.

[0026] In some aspects, each of the DRAM cache indicators 120(0)-120(X) in the
master table 116 indicates not only whether a corresponding memory line 114(0)-
114(X) of the system memory DRAM 108 is stored in the DRAM cache 104 of the
high-bandwidth memory 106, but also in which way 122(0)-122(Z) of the DRAM cache
104 the corresponding memory line 114(0)-114(X) is stored. For example, in some
aspects, each of the DRAM cache indicators 120(0)-120(X) comprises four (4) bits, and
the DRAM cache 104 may provide 15 ways 122(0)-122(14) (i.e., 2*1). A DRAM
cache indicator 120(0)-120(X) having a value of zero (0) indicates that the
corresponding memory line 114(0)-114(X) of the system memory DRAM 108 is not
stored in the DRAM cache 104. A DRAM cache indicator 120(0)-120(X) having a
value N that is greater than zero (0) indicates that the corresponding memory line
114(0)-114(X) of the system memory DRAM 108 is stored in the DRAM cache 104 in
way 122(N-1), where 0<N-1<Z.

[0027] It is to be understood that, in some aspects, the master table entries
118(0)-118(M) of the master table 116 may provide DRAM cache indicators
120(0)-120(X) that are larger or smaller than four (4) bits according to the number of
ways 122(0)-122(Z) provided by the DRAM cache 104. As a non-limiting example, for
a number Q of bits in each DRAM cache indicator 120(0)-120(X), the DRAM cache
104 may provide a number of ways 122(0)-122(7Z) where 7=2%1. Thus, a DRAM
cache indicator 120(0)-120(X) comprising two (2) bits corresponds to a DRAM cache
104 that is organized into three (3) ways 122(0)-122(2), while a DRAM cache indicator
120(0)-120(X) comprising three (3) bits corresponds to a DRAM cache 104 providing

seven (7) ways 122(0)-122(6). Different configurations of the DRAM cache indicators
8
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120(0)-120(X) and the DRAM cache 104 are discussed in greater detail below with
respect to Figures 2A and 2B.

[0028] Because the master table entries 118(0)-118(M) of the master table 116 store
DRAM cache indicators 120(0)-120(X) for every memory line 114(0)-114(X) in the
system memory DRAM 108, the size of the master table 116 increases as the size of the
system memory DRAM 108 increases. For example, in aspects in which the DRAM
cache indicators 120(0)-120(X) within the master table 116 are four (4) bits each, the
total size of the master table 116 is 0.4% of the size of the system memory DRAM 108.
Consequently, accessing the master table 116 for each memory operation may incur
latency penalties that could offset the performance benefits of using the DRAM cache
104. Thus, it is desirable to provide a scalable mechanism for managing access to the
DRAM cache 104 to improve memory bandwidth while minimizing latency penalties.
[0029] In this regard, the DRAM cache management circuit 102 is provided to
manage access to the DRAM cache 104. The DRAM cache management circuit 102 is
located on the compute die 110, and is communicatively coupled to the high-bandwidth
memory 106 and the system memory DRAM 108. The DRAM cache management
circuit 102 may also be read from and written to by the system cache 112. As discussed
in greater detail below, the DRAM cache management circuit 102 may perform a
memory read operation in response to receiving a memory read request 124 comprising
a read address 126 specifying a memory address from which to retrieve data. In some
aspects, the DRAM cache management circuit 102 may further perform a memory write
operation in response to receiving a memory write request 128 comprising a write
address 130 to which write data 132 is to be written.

[0030] To reduce access latency that may result from accesses to the master table
116, the DRAM cache management circuit 102 provides a DRAM cache indicator cache
134. The DRAM cache indicator cache 134 is used by the DRAM cache management
circuit 102 to cache frequently accessed master table entries 118(0)-118(M) (and the
DRAM cache indicators 120(0)-120(X) stored therein) within ways 136(0)-136(C),
136°(0)-136’(C) of DRAM cache indicator cache lines 138(0)-138(Y). In some aspects,
the size of each of the ways 136(0)-136(C), 136’(0)-136’(C) of the DRAM cache
indicator cache 134 corresponds to the size of the master table entries 118(0)-118(M) in
the master table 116. Some aspects may provide that the size of each of the ways
136(0)-136(C), 136°(0)-136’(C) of the DRAM cache indicator cache 134 may be larger

than the size of the master table entries 118(0)-118(M) in the master table 116. As a
9
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non-limiting example, the ways 136(0)-136(C), 136°(0)-136’(C) of the DRAM cache
indicator cache 134 may include dirty indicators 140(0)-140(C), 140°(0)-140°(C), which
add one (1) bit per way 136(0)-136(C), 136°(0)-136’(C). Thus, in aspects in which the
ways 136(0)-136(C), 136°(0)-136°(C) are 64 bytes in size with four (4) bits per DRAM
cache indicator 120(0)-120(X), a total of 128 extra bits may be required to provide the
dirty indicators 140(0)-140(C), 140°(0)-140°(C).

[0031] Some aspects of the DRAM cache management circuit 102 may further
provide a load balancing circuit 142 to improve memory bandwidth and reduce memory
access contention. In circumstances in which a requested memory address can be read
from either the system memory DRAM 108 or the DRAM cache 104, the load
balancing circuit 142 identifies the most appropriate source from which to read the
memory address. For example, in some aspects, the load balancing circuit 142 may
monitor latencies of reads from the DRAM cache 104 and the system memory DRAM
108, and may select the source having a better average latency in the recent past. In this
manner, the load balancing circuit 142 may distribute memory accesses between the
system memory DRAM 108 and the DRAM cache 104 to optimize the use of system
resources.

[0032] In some aspects, the DRAM cache management circuit 102 may be

3

implemented as a ‘“write-through” cache management system. In a write-through
implementation, dirty (i.e., modified) data evicted from the system cache 112 is written
by the DRAM cache management circuit 102 to both the DRAM cache 104 of the high-
bandwidth memory 106 and the system memory DRAM 108. As a result, the data
within the DRAM cache 104 and the data within the system memory DRAM 108 are
always synchronized. Because both the DRAM cache 104 and the system memory
DRAM 108 in a write-through implementation are guaranteed to contain correct data,
the load balancing circuit 142 of the DRAM cache management circuit 102 may freely
load-balance memory read operations between the DRAM cache 104 and the system
memory DRAM 108. However, the write-through implementation of the DRAM cache
management circuit 102 may not result in decreased write bandwidth to the system
memory DRAM 108, because each write to the DRAM cache 104 will correspond to a
write to the system memory DRAM 108.

[0033] Some aspects of the DRAM cache management circuit 102 may be
implemented as a “write-back™ cache management system, in which the DRAM cache

indicator cache 134 of the DRAM cache management circuit 102 includes the dirty
10
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indicators 140(0)-140(C), 140°(0)-140°(C) for each way 136(0)-136(C), 136’(0)-
136°(C) therein. Each of the dirty indicators 140(0)-140(C), 140°(0)-140’(C) indicates
whether data stored in the DRAM cache 104 corresponding to the way 136(0)-136(C),
136°(0)-136’(C) within the DRAM cache indicator cache 134 is dirty (i.e., whether the
data was written to the DRAM cache 104 but not to the system memory DRAM 108).
If the data is not dirty, the data may be read from either the DRAM cache 104 or the
system memory DRAM 108, as determined by the load balancing circuit 142 of the
DRAM cache management circuit 102. However, if the dirty indicator 140(0)-140(C),
140°(0)-140°(C) indicates that the data stored in the DRAM cache 104 is dirty, load
balancing is not possible, as the DRAM cache 104 is the only source for the modified
data. Accordingly, the DRAM cache management circuit 102 reads the dirty data from
the DRAM cache 104.

[0034] The write-back implementation of the DRAM cache management circuit 102
may reduce memory write bandwidth consumption to the system memory DRAM 108,
but the DRAM cache management circuit 102 eventually must write back dirty data
evicted from the DRAM cache 104 to the system memory DRAM 108. In some aspects
of the write-back implementation of the DRAM cache management circuit 102, when a
DRAM cache indicator cache line 138(0)-138(Y) is evicted from the DRAM cache
indicator cache 134, the DRAM cache management circuit 102 is configured to copy all
dirty data in the DRAM cache 104 corresponding to the evicted DRAM cache indicator
cache line 138(0)-138(Y) to the system memory DRAM 108.

[0035] Some aspects of the DRAM cache management circuit 102 may further
improve memory bandwidth by performing some operations (e.g., operations involving
memory accesses to the system memory DRAM 108 and/or the DRAM cache 104, as
non-limiting examples) according to corresponding probabilistic determinations made
by the DRAM cache management circuit 102. Each probabilistic determination may be
used to tune the frequency of the corresponding operation, and may be stateless (i.e., not
related to the outcome of previous probabilistic determinations). For example,
according to some aspects of the DRAM cache management circuit 102, data evicted by
the system cache 112 may be written to the DRAM cache 104 based on a probabilistic
determination, such that only a percentage of randomly-selected data evicted by the
system cache 112 is written to the DRAM cache 104. Similarly, some aspects of the
DRAM cache management circuit 102 may be configured to replenish the DRAM cache

indicator cache 134 (e.g., by copying a master table entry 118(0)-118(M) for the read
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data from the master table 116 to the DRAM cache indicator cache 134) based on a
probabilistic determination. Thus, it is to be understood that each operation described
herein as occurring “probabilistically” may or may not be performed in a given instance,
and further that the occurrence or lack thereof of a given probabilistic operation may
further trigger additional operations by the DRAM cache management circuit 102.
[0036] To illustrate exemplary master table entries 118(0)-118(M) and DRAM
cache indicator 120(0)-120(X) contents for some implementations of the DRAM cache
104 of Figure 1, Figures 2A-2B are provided. Figure 2A illustrates an implementation
of the DRAM cache 104 comprising 15 ways, while Figure 2B illustrates an
implementation of the DRAM cache 104 comprising three (3) ways. For the sake of
clarity, elements of Figure 1 are referenced in describing Figures 2A and 2B.

[0037] In Figure 2A, an exemplary master table entry 200 (which may correspond
to one of the master table entries 118(0)-118(M) of Figure 1) having a size of 64 bytes
is illustrated. The master table entry 200 includes DRAM cache indicators 202(0)-
202(127) (corresponding to the DRAM cache indicators 120(0)-120(X) of Figure 1),
each of which is four (4) bits in size. Accordingly, the master table entry 200 stores the
DRAM cache indicators 202(0)-202(127) for 128 memory lines 114(0)-114(X) of the
system memory DRAM 108. To cache the DRAM cache indicators 202(0)-202(127),
the DRAM cache indicator cache 134 provides DRAM cache indicator cache lines
204(0)-204(511) (corresponding to the DRAM cache indicator cache lines 138(0)-
138(Y) of Figure 1). Each of the DRAM cache indicator cache lines 204(0)-204(511) is
made up of eight (8) ways, such as ways 206(0)-206(7), 208(0)-208(7) of the DRAM
cache indicator cache lines 204(0), 204(511), respectively. Each of the ways 206(0)-
206(7), 208(0)-208(7) corresponds to the ways 136(0)-136(C), 136’(0)-136’(C) of
Figure 1, and may store one (1) master table entry, such as the master table entry 200.
[0038] Referring now to Figure 2B, a master table entry 210 of 64 bytes is shown.
In the example of Figure 2B, the master table entry 210 includes DRAM cache
indicators 212(0)-212(255), each of which is two (2) bits in size. Accordingly, the
master table entry 210 stores the DRAM cache indicators 212(0)-212(255) for 256
memory lines of the system memory DRAM 108. The DRAM cache indicator cache
134 in this example provides DRAM cache indicator cache lines 214(0)-214(511) to
cache the DRAM cache indicators 212(0)-212(255). Each of the DRAM cache
indicator cache lines 214(0)-214(511) is made up of eight (8) ways, such as ways

216(0)-216(7), 218(0)-218(7) of the DRAM cache indicator cache lines 214(0),
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214(511), respectively. Each of the ways 216(0)-216(7), 218(0)-218(7) may store one
(1) master table entry, such as the master table entry 210.

[0039] Figure 3 is a flowchart illustrating exemplary operations of the DRAM cache
management circuit 102 of Figure 1 for performing a read operation using the DRAM
cache indicator cache 134 and the DRAM cache 104 of Figure 1. Elements of Figure 1
are referenced in describing Figure 3 for the sake of clarity. In Figure 3, operations
begin with the DRAM cache management circuit 102 receiving the memory read
request 124 comprising the read address 126 (e.g., as a result of a miss on the system
cache 112) (block 300). Accordingly, the DRAM cache management circuit 102 may
be referred to herein as ““a means for receiving a memory read request comprising a read
address.” The DRAM cache management circuit 102 determines whether the read
address 126 is found in the DRAM cache indicator cache 134 of the DRAM cache
management circuit 102 (block 302). The DRAM cache management circuit 102 may
thus be referred to herein as “a means for determining whether the read address is found
in a DRAM cache indicator cache of the DRAM cache management circuit.”

[0040] If the read address 126 of the memory read request 124 is not found in the
DRAM cache indicator cache 134, the DRAM cache management circuit 102 reads data
at the read address 126 in the system memory DRAM 108 (block 304). In this regard,
the DRAM cache management circuit 102 may be referred to herein as “a means for
reading data at the read address in a system memory DRAM, responsive to determining
that the read address is not found in the DRAM cache indicator cache.” In parallel with
reading the data at the read address 126, some aspects of the DRAM cache management
circuit 102 may probabilistically replenish the DRAM cache indicator cache 134 (block
306). By replenishing the DRAM cache indicator cache 134, the likelihood that
subsequent reads (which may be spatially adjacent to the read data) will result in a
DRAM cache indicator cache 134 hit may be increased.

[0041] Probabilistically replenishing the DRAM cache indicator cache 134 in some
aspects may include copying a master table entry 118(0)-118(M) for the read data from
the master table 116 to the DRAM cache indicator cache 134, as a non-limiting
example. Some aspects may provide that operations of block 306 for replenishing the
DRAM cache indicator cache 134 may include reading a master table entry 118(0)-
118(M) spanning the read address 126 from the master table 116 in the system memory
DRAM 108. The master table entry 118(0)-118(M) is then installed in the DRAM

cache indicator cache 134. If the installation of the master table entry 118(0)-118(M)
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causes an eviction of one of the ways 136(0)-136(C), 136°(0)-136°(C) from the DRAM
cache indicator cache 134, the contents of the evicted way 136(0)-136(C), 136°(0)-
136’(C) (without any dirty indicators 140(0)-140(C), 140°(0)-140°(C) that may be
present) are written to the master table 116 in the system memory DRAM 108. In
aspects in which the DRAM cache management circuit 102 is configured to operate in a
write-back mode, any dirty DRAM cache lines indicated by the evicted way 136(0)-
136(C), 136°(0)-136’(C) are also copied from the DRAM cache 104 to the system
memory DRAM 108.

[0042] If the DRAM cache management circuit 102 determines at decision block
302 that the read address 126 is found in the DRAM cache indicator cache 134, the
DRAM cache management circuit 102 next determines whether the read address 126 is
found in the DRAM cache 104 that is part of the high-bandwidth memory 106, based on
the DRAM cache indicator cache 134 (block 308). Accordingly, the DRAM cache
management circuit 102 may be referred to herein as “a means for determining, based
on the DRAM cache indicator cache, whether the read address is found in a DRAM
cache that is part of a high-bandwidth memory, responsive to determining that the read
address is found in the DRAM cache indicator cache.” In some aspects, determining
whether the read address 126 is found in the DRAM cache 104 may include determining
if the way number for the read address 126 in the DRAM cache indicator cache 134 is
non-zero. If so, the read address 126 is in the DRAM cache 104. Otherwise, if the way
number for the read address 126 in the DRAM cache indicator cache 134 is zero (0), the
read address 126 is not in the DRAM cache 104.

[0043] If the read address 126 is not found in the DRAM cache 104, the DRAM
cache management circuit 102 reads data at the read address 126 in the system memory
DRAM 108 (block 310). The DRAM cache management circuit 102 thus may be
referred to herein as “a means for reading data at the read address in the system memory
DRAM, responsive to determining that the read address is not found in the DRAM
cache.” However, if the DRAM cache management circuit 102 determines at decision
block 308 that the read address 126 is found in the DRAM cache 104, the DRAM cache
management circuit 102 in some aspects determines whether the data for the read
address 126 in the DRAM cache 104 is clean (or, alternatively, whether the DRAM
cache management circuit 102 is configured to operate in a write-through mode) (block
312). If the data in the DRAM cache 104 is not clean and/or the DRAM cache

management circuit 102 is not operating in a write-through mode, the requested data can
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only be read safely from the DRAM cache 104. Accordingly, the DRAM cache
management circuit 102 reads the data for the read address 126 from the DRAM cache
104 (block 314). In this regard, the DRAM cache management circuit 102 may be
referred to herein as “a means for reading data for the read address from the DRAM
cache, responsive to determining that the read address is found in the DRAM cache.”
[0044] If the DRAM cache management circuit 102 determines at decision block
312 that the data in the DRAM cache 104 is clean and/or the DRAM cache management
circuit 102 is operating in a write-through mode, the requested data can be read safely
from either the system memory DRAM 108 or the DRAM cache 104. Accordingly, the
load balancing circuit 142 of the DRAM cache management circuit 102 identifies a
preferred data source from among the DRAM cache 104 and the system memory
DRAM 108 based on load balancing criteria such as bandwidth and latency, as non-
limiting examples (block 316). If the load balancing circuit 142 determines that the
system memory DRAM 108 is the preferred data source, the data at the read address
126 may be read from the system memory DRAM 108 (block 318). Similarly, if the
load balancing circuit 142 determines that the DRAM cache 104 is the preferred data
source, the data for the read address 126 may be read from the DRAM cache 104 (block
320).

[0045] To illustrate exemplary operations of the DRAM cache management circuit
102 of Figure 1 for performing a write operation resulting from an eviction of clean
(i.e., unmodified) data from the system cache 112 in a write-through mode or a write-
back mode, Figures 4A-4C are provided. For the sake of clarity, elements of Figure 1
are referenced in describing Figures 4A-4C. Operations in Figure 4A begin with the
DRAM cache management circuit 102 receiving the memory write request 128
comprising the write address 130 and the write data 132 (block 400). In this example,
the write data 132 represents clean (i.e., unmodified) data evicted from the system cache
112, and thus is referred to herein as “clean evicted data 132.”

[0046] The DRAM cache management circuit 102 determines whether the write
address 130 of the clean evicted data 132 is found in the DRAM cache indicator cache
134 (block 402). If the write address 130 is not present in the DRAM cache indicator
cache 134, the DRAM cache management circuit 102 probabilistically replenishes the
DRAM cache indicator cache 134 (e.g., by copying a master table entry 118(0)-118(M)
from the master table 116 to the DRAM cache indicator cache 134) (block 404). If the

DRAM cache indicator cache 134 is not replenished at block 404 (i.e., replenishment
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was probabilistically determined not to occur), processing is complete (block 406).
Otherwise, the DRAM cache management circuit 102 resumes processing at block 408.
[0047] If the DRAM cache management circuit 102 determines at decision block
402 that the write address 130 of the clean evicted data 132 is present in the DRAM
cache indicator cache 134 (or if the DRAM cache indicator cache 134 is replenished at
block 404), the DRAM cache management circuit 102 next determines whether the
write address 130 of the clean evicted data 132 is present in the DRAM cache 104
(block 408). If the write address 130 is present in the DRAM cache 104, processing is
complete (block 406). However, if the write address 130 of the clean evicted data 132
is not present in the DRAM cache 104, processing resumes at block 410 of Figure 4B.
[0048] Referring now to Figure 4B, the DRAM cache management circuit 102 next
probabilistically writes the write address 130 and the clean evicted data 132 to the
DRAM cache 104 (block 410). In some aspects, operations of block 410 for writing the
write address 130 and the clean evicted data 132 to the DRAM cache 104 may include
first randomly selecting a way 122(0)-122(Z) to be evicted from the DRAM cache 104
(block 412). The DRAM cache management circuit 102 reads a memory address of the
selected way 122(0)-122(Z) from the DRAM cache 104 (block 414). The DRAM cache
management circuit 102 then writes the write address 130 and the clean evicted data 132
to the selected way 122(0)-122(Z) in the DRAM cache 104 (block 416). The DRAM
cache management circuit 102 updates the way number for the write address 130 in the
DRAM cache indicator cache 134 to a way number of the selected way 122(0)-122(Z)
(block 418). Processing then continues at block 420 of Figure 4C.

[0049] Turning to Figure 4C, further operations of block 410 for probabilistically
writing the write address 130 and the clean evicted data 132 to the DRAM cache 104
include the DRAM cache management circuit 102 determining whether the memory
address of the selected way 122(0)-122(Z) is present in the DRAM cache indicator
cache 134 (block 420). If not, processing resumes at block 424 of Figure 4C. If the
DRAM cache management circuit 102 determines at decision block 420 that the
memory address of the selected way 122(0)-122(Z) is present in the DRAM cache
indicator cache 134, the DRAM cache management circuit 102 resets the way number
of the selected way 122(0)-122(Z) for the memory address in the DRAM cache
indicator cache 134 (block 422).

[0050] If the DRAM cache management circuit 102 determines at decision block

420 that the memory address of the selected way 122(0)-122(Z) is not present in the
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DRAM cache indicator cache 134, the DRAM cache management circuit 102
replenishes the DRAM cache indicator cache 134 (block 424). In some aspects,
operations of block 424 for replenishing the DRAM cache indicator cache 134 include
reading the master table entry 118(0)-118(M) of the selected way122(0)-122(7)
corresponding to the memory address from the master table 116 in the system memory
DRAM 108 (block 426). The DRAM cache management circuit 102 in some aspects
may next write the way number of the selected way 122(0)-122(Z) for the memory
address to the DRAM cache indicator cache 134 based on the master table entry 118(0)-
118(M) (block 428). In some aspects, the DRAM cache management circuit 102 resets
the way number of the selected way 122(0)-122(Z) corresponding to the memory
address (block 430). The DRAM cache management circuit 102 then writes the way
number to the master table 116 in the system memory DRAM 108 (without installing
the master table entry 118(0)-118(M) in the DRAM cache indicator cache 134) (block
432).

[0051] Figures 5A-5C are provided to illustrate exemplary operations of the DRAM
cache management circuit 102 of Figure 1 for performing a write operation resulting
from an eviction of dirty data from the system cache 112 in a write-through mode.
Elements of Figure 1 are referenced in describing Figures SA-5C for the sake of clarity.
In Figure 5A, operations begin with the DRAM cache management circuit 102 receiving
the memory write request 128 comprising the write address 130 and the write data 132
(block 500). The write data 132 in the example of Figure 5A represents dirty (i.e.,
modified) data evicted from the system cache 112, and as a result is referred to herein as
“dirty evicted data 132.”

[0052] The DRAM cache management circuit 102 determines whether the write
address 130 of the dirty evicted data 132 is found in the DRAM cache indicator cache
134 (block 502). If the write address 130 is not present in the DRAM cache indicator
cache 134, the DRAM cache management circuit 102 probabilistically replenishes the
DRAM cache indicator cache 134 (by copying a master table entry 118(0)-118(M) from
the master table 116 to the DRAM cache indicator cache 134, as a non-limiting
example) (block 504). If the DRAM cache indicator cache 134 is replenished at block
504 (i.e., replenishment was probabilistically determined to occur), processing resumes
at block 506. Otherwise, the DRAM cache management circuit 102 updates the DRAM
cache indicator 120(0)-120(X) corresponding to the write address 130 in the master

table 116 in the system memory DRAM 108 (e.g., by performing a read-modify-write
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(RMW) operation on the master table entry 118(0)-118(M) for the DRAM cache
indicator 120(0)-120(X)) (block 508). The DRAM cache management circuit 102 then
writes the dirty evicted data 132 to the DRAM cache 104 (block 510). It is to be
understood that, in some aspects, operations of block 508 for updating the DRAM cache
indicator 120(0)-120(X) and operations of block 510 for writing the dirty evicted data
132 to the DRAM cache 104 may be carried out in parallel.

[0053] If the DRAM cache management circuit 102 determines at decision block
502 that the write address 130 of the dirty evicted data 132 is found in the DRAM cache
indicator cache 134 (or if the DRAM cache indicator cache 134 is replenished at block
504), the DRAM cache management circuit 102 next determines whether the write
address 130 of the dirty evicted data 132 is found in the DRAM cache 104 (block 506).
If the write address 130 is not found in the DRAM cache 104, processing resumes at
block 512 of Figure 5B. However, if the DRAM cache management circuit 102
determines at decision block 506 that the write address 130 is found in the DRAM
cache 104, the DRAM cache management circuit 102 writes the dirty evicted data 132
to the DRAM cache 104 (e.g., by performing a no-evict-write to the DRAM cache 104)
(block 514). The DRAM cache management circuit 102 then writes the dirty evicted
data 132 to the system memory DRAM 108 (block 516).

[0054] Turning to Figure 5B, the DRAM cache management circuit 102 next
probabilistically writes the write address 130 and the dirty evicted data 132 to the
DRAM cache 104 (block 512). Some aspects may provide that operations of block 512
for writing the write address 130 and the dirty evicted data 132 to the DRAM cache 104
may include first randomly selecting a way 122(0)-122(Z) to be evicted from the
DRAM cache 104 (block 518). A memory address of the selected way 122(0)-122(Z) is
read from the DRAM cache 104 by the DRAM cache management circuit 102 (block
520). The DRAM cache management circuit 102 then writes the write address 130 and
the dirty evicted data 132 to the selected way 122(0)-122(7) in the DRAM cache 104
(block 522). The DRAM cache management circuit 102 updates the way number for
the write address 130 in the DRAM cache indicator cache 134 to a way number of the
selected way 122(0)-122(Z) (block 524). Processing then continues at block 526 of
Figure 5C.

[0055] Referring now to Figure 5C, further operations of block 512 for
probabilistically writing the write address 130 and the dirty evicted data 132 to the

DRAM cache 104 include the DRAM cache management circuit 102 determining
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whether a memory address of the selected way 122(0)-122(Z) is present in the DRAM
cache indicator cache 134 (block 526). If not, processing resumes at block 528 of
Figure 5C. If the DRAM cache management circuit 102 determines at decision block
526 that the memory address of the selected way 122(0)-122(Z) is present in the DRAM
cache indicator cache 134, the DRAM cache management circuit 102 resets the way
number of the selected way 122(0)-122(Z) for the memory address in the DRAM cache
indicator cache 134 (block 530).

[0056] If the DRAM cache management circuit 102 determines at decision block
526 that the memory address of the selected way 122(0)-122(Z) is not present in the
DRAM cache indicator cache 134, the DRAM cache management circuit 102
replenishes the DRAM cache indicator cache 134 (block 528). In some aspects,
operations of block 528 for replenishing the DRAM cache indicator cache 134 include
reading the master table entry 118(0)-118(M) of the selected way 122(0)-122(Z)
corresponding to the memory address from the master table 116 in the system memory
DRAM 108 (block 532). The DRAM cache management circuit 102 in some aspects
may next write the way number of the selected way 122(0)-122(Z) for the memory
address to the DRAM cache indicator cache 134 based on the master table entry 118(0)-
118(M) (block 534). In some aspects, the DRAM cache management circuit 102 resets
the way number of the selected way 122(0)-122(Z) corresponding to the memory
address (block 536). The DRAM cache management circuit 102 then writes the way
number to the master table 116 in the system memory DRAM 108 (without installing
the master table entry 118(0)-118(M) in the DRAM cache indicator cache 134) (block
538).

[0057] To illustrate exemplary operations of the DRAM cache management circuit
102 of Figure 1 for performing a write operation resulting from an eviction of dirty data
from the system cache 112 in a write-back mode, Figures 6A-6D are provided. For the
sake of clarity, elements of Figure 1 are referenced in describing Figures 6A-6D.
Operations in Figure 6A begin with the DRAM cache management circuit 102 receiving
the memory write request 128 comprising the write address 130 and the write data 132
(block 600). As with Figure 5A, the write data 132 in the example of Figure 6A
represents dirty (i.e., modified) data evicted from the system cache 112, and as a result
is referred to herein as “dirty evicted data 132.”

[0058] The DRAM cache management circuit 102 determines whether the write

address 130 of the dirty evicted data 132 is found in the DRAM cache indicator cache
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134 (block 602). If the write address 130 is not present in the DRAM cache indicator
cache 134, the DRAM cache management circuit 102 probabilistically replenishes the
DRAM cache indicator cache 134 (e.g., by copying a master table entry 118(0)-118(M)
from the master table 116 to the DRAM cache indicator cache 134) (block 604). If the
DRAM cache indicator cache 134 is replenished at block 604 (i.e., replenishment was
probabilistically determined to occur), processing resumes at block 606. Otherwise, the
DRAM cache management circuit 102 updates the DRAM cache indicator 120(0)-
120(X) corresponding to the write address 130 in the master table 116 in the system
memory DRAM 108 (e.g., by performing a read-modify-write (RMW) operation on the
master table entry 118(0)-118(M) for the DRAM cache indicator 120(0)-120(X)) (block
608). The DRAM cache management circuit 102 then writes the dirty evicted data 132
to the DRAM cache 104 (block 610). It is to be understood that, in some aspects,
operations of block 608 for updating the DRAM cache indicator 120(0)-120(X) and
operations of block 610 for writing the dirty evicted data 132 to the DRAM cache 104
may be carried out in parallel.

[0059] Some aspects of the DRAM cache management circuit 102 may next
determine whether the DRAM cache indicator 120(0)-120(X) for the write address 130
from the master table 116 indicates that the write address 130 is in the DRAM cache
104 (block 612). If not, processing is complete (block 614). However, if the DRAM
cache management circuit 102 determines at decision block 612 that the DRAM cache
indicator 120(0)-120(X) for the write address 130 from the master table 116 indicates
that the write address 130 is in the DRAM cache 104, the DRAM cache management
circuit 102 writes the dirty evicted data 132 to the DRAM cache 104 (block 616).

[0060] Referring back to decision block 602, if the DRAM cache management
circuit 102 determines that the write address 130 of the dirty evicted data 132 is found
in the DRAM cache indicator cache 134 (or if the DRAM cache indicator cache 134 is
replenished at block 604), the DRAM cache management circuit 102 next determines
whether the write address 130 of the dirty evicted data 132 is found in the DRAM cache
104 (block 606). If the write address 130 is not found in the DRAM cache 104,
processing resumes at block 618 of Figure 6B. However, if the DRAM cache
management circuit 102 determines at decision block 606 that the write address 130 is
found in the DRAM cache 104, the DRAM cache management circuit 102 writes the
dirty evicted data 132 to the DRAM cache 104 (e.g., by performing a no-evict-write

operation to the DRAM cache 104) (block 616).
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[0061] Turning now to Figure 6B, the DRAM cache management circuit 102 next
probabilistically writes the write address 130 and the dirty evicted data 132 to the
DRAM cache 104 (block 618). According to some aspects, operations of block 618 for
writing the write address 130 and the dirty evicted data 132 to the DRAM cache 104
may include first randomly selecting a way 122(0)-122(Z) to be evicted from the
DRAM cache 104 (block 620). A memory address of the selected way 122(0)-122(Z) is
read from the DRAM cache 104 by the DRAM cache management circuit 102 (block
622). The DRAM cache management circuit 102 then writes the write address 130 and
the dirty evicted data 132 to the selected way 122(0)-122(Z) in the DRAM cache 104
(block 624). The DRAM cache management circuit 102 updates the way number for
the write address 130 in the DRAM cache indicator cache 134 to a way number of the
selected way 122(0)-122(Z) (block 626). The DRAM cache management circuit 102
also sets a dirty indicator 140(0)-140(C), 140°(0)-140°(C) for the write address 130 in
the DRAM cache indicator cache 134 (block 628). Processing then continues at block
630 of Figure 6C.

[0062] In Figure 6C, further operations of block 618 for probabilistically writing the
write address 130 and the dirty evicted data 132 to the DRAM cache 104 include the
DRAM cache management circuit 102 determining whether a memory address of the
selected way 122(0)-122(Z) is present in the DRAM cache indicator cache 134 (block
630). If not, processing resumes at block 632 in Figure 6D. If the DRAM cache
management circuit 102 determines at decision block 630 that the memory address of
the selected way 122(0)-122(Z) is present in the DRAM cache indicator cache 134, the
DRAM cache management circuit 102 resets the way number and a dirty indicator
140(0)-140(C), 140°(0)-140°(C) of the selected way 122(0)-122(Z) for the memory
address in the DRAM cache indicator cache 134 (block 634).

[0063] Referring now to Figure 6D, if the DRAM cache management circuit 102
determines at decision block 630 of Figure 6C that the memory address of the selected
way 122(0)-122(Z) is not present in the DRAM cache indicator cache 134, the DRAM
cache management circuit 102 replenishes the DRAM cache indicator cache 134 (block
632). In some aspects, operations of block 632 for replenishing the DRAM cache
indicator cache 134 include reading the master table entry 118(0)-118(M) of the
selected way 122(0)-122(Z) corresponding to the memory address from the master table
116 in the system memory DRAM 108 (block 634). The DRAM cache management

circuit 102 in some aspects may next write the way number of the selected way 122(0)-
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122(Z) for the memory address to the DRAM cache indicator cache 134 based on the
master table entry 118(0)-118(M) (block 636). In some aspects, the DRAM cache
management circuit 102 resets the way number of the selected way 122(0)-122(Z)
corresponding to the memory address (block 638). The DRAM cache management
circuit 102 then writes the way number to the master table 116 in the system memory
DRAM 108 (without installing the master table entry 118(0)-118(M) in the DRAM
cache indicator cache 134) (block 640). If the write address 130 and the dirty evicted
data 132 were not probabilistically written to the DRAM cache 104 in block 618, the
DRAM cache management circuit 102 writes the dirty evicted data 132 to the system
memory DRAM 108 (block 642).

[0064] Providing scalable DRAM cache management using DRAM cache indicator
caches according to aspects disclosed herein may be provided in or integrated into any
processor-based device. Examples, without limitation, include a set top box, an
entertainment unit, a navigation device, a communications device, a fixed location data
unit, a mobile location data unit, a mobile phone, a cellular phone, a smart phone, a
tablet, a phablet, a computer, a portable computer, a desktop computer, a personal
digital assistant (PDA), a monitor, a computer monitor, a television, a tuner, a radio, a
satellite radio, a music player, a digital music player, a portable music player, a digital
video player, a video player, a digital video disc (DVD) player, a portable digital video
player, and an automobile.

[0065] In this regard, Figure 7 illustrates an example of a processor-based system
700 that can employ the DRAM cache management circuit (DCMC) 102 illustrated in
Figure 1. The processor-based system 700 includes one or more central processing
units (CPUs) 702, each including one or more processors 704. The CPU(s) 702 may
have cache memory 706 coupled to the processor(s) 704 for rapid access to temporarily
stored data. The CPU(s) 702 is coupled to a system bus 708 and can intercouple master
and slave devices included in the processor-based system 700. As is well known, the
CPU(s) 702 communicates with these other devices by exchanging address, control, and
data information over the system bus 708. For example, the CPU(s) 702 can
communicate bus transaction requests to a memory controller 710 as an example of a
slave device.

[0066] Other master and slave devices can be connected to the system bus 708. As
illustrated in Figure 7, these devices can include a memory system 712, one or more

input devices 714, one or more output devices 716, one or more network interface
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devices 718, and one or more display controllers 720, as examples. The input device(s)
714 can include any type of input device, including but not limited to input keys,
switches, voice processors, etc. The output device(s) 716 can include any type of output
device, including, but not limited to, audio, video, other visual indicators, etc. The
network interface device(s) 718 can be any devices configured to allow exchange of
data to and from a network 722. The network 722 can be any type of network,
including, but not limited to, a wired or wireless network, a private or public network, a
local area network (LAN), a wireless local area network (WLAN), a wide area network
(WAN), a BLUETOOTH™ network, and the Internet. The network interface device(s)
718 can be configured to support any type of communications protocol desired. The
memory system 712 can include one or more memory units 724(0)-724(N).

[0067] The CPU(s) 702 may also be configured to access the display controller(s)
720 over the system bus 708 to control information sent to one or more displays 726.
The display controller(s) 720 sends information to the display(s) 726 to be displayed via
one or more video processors 728, which process the information to be displayed into a
format suitable for the display(s) 726. The display(s) 726 can include any type of
display, including, but not limited to, a cathode ray tube (CRT), a liquid crystal display
(LCD), a plasma display, etc.

[0068] Those of skill in the art will further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithms described in connection with the
aspects disclosed herein may be implemented as electronic hardware, instructions stored
in memory or in another computer readable medium and executed by a processor or
other processing device, or combinations of both. The master devices and slave devices
described herein may be employed in any circuit, hardware component, integrated
circuit (IC), or IC chip, as examples. Memory disclosed herein may be any type and
size of memory and may be configured to store any type of information desired. To
clearly illustrate this interchangeability, various illustrative components, blocks,
modules, circuits, and steps have been described above generally in terms of their
functionality. How such functionality is implemented depends upon the particular
application, design choices, and/or design constraints imposed on the overall system.
Skilled artisans may implement the described functionality in varying ways for each
particular application, but such implementation decisions should not be interpreted as

causing a departure from the scope of the present disclosure.
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[0069] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented or performed with a
processor, a Digital Signal Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as
a combination of computing devices (e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration).

[0070] The aspects disclosed herein may be embodied in hardware and in
instructions that are stored in hardware, and may reside, for example, in Random Access
Memory (RAM), flash memory, Read Only Memory (ROM), Electrically
Programmable ROM (EPROM), Electrically Erasable Programmable ROM
(EEPROM), registers, a hard disk, a removable disk, a CD-ROM, or any other form of
computer readable medium known in the art. An exemplary storage medium is coupled
to the processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an ASIC.
The ASIC may reside in a remote station. In the alternative, the processor and the
storage medium may reside as discrete components in a remote station, base station, or
server.

[0071] It is also noted that the operational steps described in any of the exemplary
aspects herein are described to provide examples and discussion. The operations
described may be performed in numerous different sequences other than the illustrated
sequences. Furthermore, operations described in a single operational step may actually
be performed in a number of different steps. Additionally, one or more operational
steps discussed in the exemplary aspects may be combined. It is to be understood that
the operational steps illustrated in the flowchart diagrams may be subject to numerous
different modifications as will be readily apparent to one of skill in the art. Those of
skill in the art will also understand that information and signals may be represented
using any of a variety of different technologies and techniques. For example, data,

instructions, commands, information, signals, bits, symbols, and chips that may be
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referenced throughout the above description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0072] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein, but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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What is claimed is:

1. A dynamic random access memory (DRAM) cache management circuit,
communicatively coupled to a DRAM cache that is part of a high-bandwidth memory
and further communicatively coupled to a system memory DRAM;
the DRAM cache management circuit comprising a DRAM cache indicator
cache configured to cache a plurality of DRAM cache indicators read
from a master table in the system memory DRAM, the plurality of
DRAM cache indicators indicating whether a corresponding memory line
of the system memory DRAM is cached in the DRAM cache
the DRAM cache management circuit configured to:
receive a memory read request comprising a read address;
determine whether the read address is found in the DRAM cache
indicator cache;
responsive to determining that the read address is not found in the
DRAM cache indicator cache, read data at the read address in the
system memory DRAM; and
responsive to determining that the read address is found in the DRAM
cache indicator cache:
determine, based on the DRAM cache indicator cache, whether
the read address is found in the DRAM cache;
responsive to determining that the read address is not found in the
DRAM cache, read data at the read address in the system
memory DRAM; and
responsive to determining that the read address is found in the
DRAM cache, read data for the read address from the
DRAM cache.

2. The DRAM cache management circuit of claim 1, configured to operate in a
write-back mode, and further configured to, responsive to determining that the read
address is found in the DRAM cache, determine whether the data for the read address in
the DRAM cache is clean;

wherein the DRAM cache management circuit is configured to read the data for

the read address from the DRAM cache further responsive to
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determining that the data for the read address in the DRAM cache is not

clean.

3. The DRAM cache management circuit of claim 2, further configured to,
responsive to determining that the data for the read address in the DRAM cache is clean:
identify, based on a load balancing circuit of the DRAM cache management
circuit, a preferred data source from among the DRAM cache and the
system memory DRAM;
responsive to identifying the DRAM cache as the preferred data source, read
data from the DRAM cache; and
responsive to identifying the system memory DRAM as the preferred data

source, read data from the system memory DRAM.

4. The DRAM cache management circuit of claim 1, configured to operate in a
write-through mode, and further configured to, responsive to determining that the read
address is found in the DRAM cache:
identify, based on a load balancing circuit of the DRAM cache management
circuit, a preferred data source from among the DRAM cache and the
system memory DRAM; and
responsive to identifying the system memory DRAM as the preferred data
source, read data from the system memory DRAM,;
wherein the DRAM cache management circuit is configured to read the data for
the read address from the DRAM cache further responsive to
determining that the data for the read address in the DRAM cache is

clean and identifying the DRAM cache as the preferred data source.

5. The DRAM cache management circuit of claim 1, wherein:
the DRAM cache management circuit is further coupled to a system cache; and
the DRAM cache management circuit is configured to receive the memory read
request comprising the read address responsive to a miss on the system

cache.
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6. The DRAM cache management circuit of claim 1, configured to probabilistically
replenish the DRAM cache indicator cache after reading the data at the read address in

the system memory DRAM.

7. The DRAM cache management circuit of claim 1, configured to determine,
based on the DRAM cache indicator cache, whether the read address is found in the
DRAM cache by being configured to determine if a way number for the read address in

the DRAM cache is non-zero.

8. The DRAM cache management circuit of claim 1, further configured to:
receive, from a system cache, a memory write request comprising a write
address and write data comprising clean evicted data;
determine whether the write address is found in the DRAM cache; and
responsive to determining that the write address is not found in the DRAM
cache, probabilistically write the write address and the clean evicted data

to the DRAM cache.

9. The DRAM cache management circuit of claim 8, further configured to, prior to
determining whether the write address is found in the DRAM cache:
determine whether the write address is found in the DRAM cache indicator
cache; and
responsive to determining that the write address is not found in the DRAM
cache indicator cache, probabilistically replenish the DRAM cache
indicator cache;
wherein the DRAM cache management circuit is configured to determine
whether the write address is found in the DRAM cache responsive to

replenishing the DRAM cache indicator cache.

10. The DRAM cache management circuit of claim 8, configured to probabilistically
write the write address and the clean evicted data to the DRAM cache by being
configured to:

select a way to be evicted from the DRAM cache;

read a memory address of the selected way from the DRAM cache;
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write the write address and the clean evicted data to the selected way in the
DRAM cache;

update a way number for the write address in the DRAM cache indicator cache
to a way number of the selected way;

determine whether the memory address of the selected way is present in the
DRAM cache indicator cache; and

responsive to determining that the memory address of the selected way is present
in the DRAM cache indicator cache, reset the way number of the selected

way for the memory address in the DRAM cache indicator cache.

11. The DRAM cache management circuit of claim 10, further configured to,
responsive to determining that the memory address of the selected way is not present in
the DRAM cache indicator cache, replenish the DRAM cache indicator cache by being
configured to:
read a master table entry of the selected way corresponding to the memory
address; and
write the way number of the selected way for the memory address to the DRAM

cache indicator cache based on the master table entry.

12. The DRAM cache management circuit of claim 10, further configured to,
responsive to determining that the memory address of the selected way is not present in
the DRAM cache indicator cache:
reset the way number of the selected way corresponding to the memory address;
and

write the way number to the master table.

13. The DRAM cache management circuit of claim 1, configured to operate in a
write-through mode, and further configured to:
receive, from a system cache, a memory write request comprising a write
address and write data comprising dirty evicted data;
determine whether the write address is found in the DRAM cache;
responsive to determining that the write address is not found in the DRAM
cache, probabilistically write the write address and the dirty evicted data

to the DRAM cache;
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responsive to determining that the write address is found in the DRAM cache,
write the dirty evicted data to the DRAM cache; and

write the dirty evicted data to the system memory DRAM.

14. The DRAM cache management circuit of claim 13, further configured to, prior
to determining whether the write address is found in the DRAM cache:
determine whether the write address is found in the DRAM cache indicator
cache; and
responsive to determining that the write address is not found in the DRAM
cache indicator cache, probabilistically replenish the DRAM cache
indicator cache;
responsive to not replenishing the DRAM cache indicator cache:
update a DRAM cache indicator corresponding to the write address in
the master table; and
write the dirty evicted data to the DRAM cache;
wherein the DRAM cache management circuit is configured to determine
whether the write address is found in the DRAM cache responsive to

replenishing the DRAM cache indicator cache.

15. The DRAM cache management circuit of claim 13, configured to
probabilistically write the write address and the dirty evicted data to the DRAM cache
by being configured to:
select a way to be evicted from the DRAM cache;
read a memory address of the selected way from the DRAM cache;
write the write address and the dirty evicted data to the selected way in the
DRAM cache;
update the way number for the write address in the DRAM cache indicator cache
to a way number of the selected way;
determine whether the memory address of the selected way is present in the
DRAM cache indicator cache; and
responsive to determining that the memory address of the selected way is present
in the DRAM cache indicator cache, reset the way number of the selected

way for the memory address in the DRAM cache indicator cache.
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16. The DRAM cache management circuit of claim 15, further configured to,
responsive to determining that the memory address of the selected way is not present in
the DRAM cache indicator cache, replenish the DRAM cache indicator cache by being
configured to:
read a master table entry of the selected way corresponding to the memory
address; and
write the way number of the selected way for the memory address to the DRAM

cache indicator cache based on the master table entry.

17. The DRAM cache management circuit of claim 15, further configured to,
responsive to determining that the memory address of the selected way is not present in
the DRAM cache indicator cache:
reset the way number of the selected way corresponding to the memory address;
and

write the way number to the master table.

18. The DRAM cache management circuit of claim 1, configured to operate in a
write-back mode, and further configured to:
receive, from a system cache, a memory write request comprising a write
address and write data comprising dirty evicted data;
determine whether the write address is found in the DRAM cache;
responsive to determining that the write address is not found in the DRAM
cache, probabilistically write the write address and the dirty evicted data
to the DRAM cache;
responsive to not writing the write address and the dirty evicted data to the
DRAM cache, write the dirty evicted data to the system memory DRAM;
and
responsive to determining that the write address is found in the DRAM cache,

write the dirty evicted data to the DRAM cache.

19. The DRAM cache management circuit of claim 18, further configured to, prior
to determining whether the write address is found in the DRAM cache:
determine whether the write address is found in the DRAM cache indicator

cache; and
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responsive to determining that the write address is not found in the DRAM
cache indicator cache, probabilistically replenish the DRAM cache
indicator cache;
responsive to not replenishing the DRAM cache indicator cache:
read a DRAM cache indicator for the write address from the master
table;
write the dirty evicted data to the system memory DRAM; and
determine whether the DRAM cache indicator for the write address from
the master table indicates that the write address is in the DRAM
cache;
wherein the DRAM cache management circuit is configured to determine
whether the write address is found in the DRAM cache responsive to

replenishing the DRAM cache indicator cache.

20. The DRAM cache management circuit of claim 18, configured to
probabilistically write the write address and the dirty evicted data to the DRAM cache
by being configured to:
select a way to be evicted from the DRAM cache;
read a memory address of the selected way from the DRAM cache;
after reading the memory address of the selected way from the DRAM cache,
write the write address and the dirty evicted data to the selected way in
the DRAM cache;
update a way number for the write address in the DRAM cache indicator cache
to a way number of the selected way;
set a dirty indicator for the write address in the DRAM cache indicator cache;
determine whether the memory address of the selected way is present in the
DRAM cache indicator cache; and
responsive to determining that the memory address of the selected way is present
in the DRAM cache indicator cache, reset the way number and the dirty
indicator for the write address of the selected way in the DRAM cache

indicator cache.

21. The DRAM cache management circuit of claim 20, further configured to,

responsive to determining that the memory address of the selected way is not present in
32



WO 2017/146882 PCT/US2017/016005

the DRAM cache indicator cache, replenish the DRAM cache indicator cache by being
configured to:
read a master table entry of the selected way corresponding to the memory
address; and
write the way number of the selected way for the memory address to the DRAM

cache indicator cache based on the master table entry.

22. The DRAM cache management circuit of claim 20, further configured to,
responsive to determining that the memory address of the selected way is not present in
the DRAM cache indicator cache:
reset the way number of the selected way corresponding to the memory address;
and

write the way number to the master table.

23. The DRAM cache management circuit of claim 1 integrated into an integrated

circuit (IC).

24. The DRAM cache management circuit of claim 1 integrated into a device selected
from the group consisting of: a set top box; an entertainment unit; a navigation device; a
communications device; a fixed location data unit; a mobile location data unit; a mobile
phone; a cellular phone; a smart phone; a tablet; a phablet; a computer; a portable
computer; a desktop computer; a personal digital assistant (PDA); a monitor; a
computer monitor; a television; a tuner; a radio; a satellite radio; a music player; a
digital music player; a portable music player; a digital video player; a video player; a

digital video disc (DVD) player; a portable digital video player; and an automobile.

25. A method for providing scalable dynamic random access memory (DRAM)
cache management, comprising:
receiving, by a DRAM cache management circuit, a memory read request
comprising a read address;
determining whether the read address is found in a DRAM cache indicator cache

of the DRAM cache management circuit;
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responsive to determining that the read address is not found in the DRAM cache
indicator cache, reading data at the read address in a system memory
DRAM; and
responsive to determining that the read address is found in the DRAM cache
indicator cache:
determining, based on the DRAM cache indicator cache, whether the
read address is found in a DRAM cache that is part of a high-
bandwidth memory;
responsive to determining that the read address is not found in the
DRAM cache, reading data at the read address in the system
memory DRAM; and
responsive to determining that the read address is found in the DRAM

cache, reading data for the read address from the DRAM cache.

26. The method of claim 25, wherein the DRAM cache management circuit is
configured to operate in a write-back mode, and further comprising, responsive to
determining that the read address is found in the DRAM cache, determining whether the

data for the read address in the DRAM cache is clean;
wherein reading the data for the read address from the DRAM cache is further
responsive to determining that the data for the read address in the DRAM

cache is not clean.

27. The method of claim 26, further comprising, responsive to determining that the
data for the read address in the DRAM cache is clean:
identifying a preferred data source from among the DRAM cache and the system
memory DRAM,;
responsive to identifying the DRAM cache as the preferred data source, reading
data from the DRAM cache; and
responsive to identifying the system memory DRAM as the preferred data

source, reading data from the system memory DRAM.

28. The method of claim 25, wherein the DRAM cache management circuit is
configured to operate in a write-through mode, and further comprising, responsive to

determining that the read address is found in the DRAM cache:
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identifying a preferred data source from among the DRAM cache and the system
memory DRAM; and

responsive to identifying the system memory DRAM as the preferred data
source, reading data from the system memory DRAM;

wherein reading the data for the read address from the DRAM cache is further
responsive to determining that the data for the read address in the DRAM
cache is clean and identifying the DRAM cache as the preferred data

source.

29. The method of claim 25, wherein receiving the memory read request comprising

the read address is responsive to a miss on a system cache.

30. The method of claim 25, further comprising probabilistically replenishing the
DRAM cache indicator cache after reading the data at the read address in the system

memory DRAM.

31. The method of claim 25, further comprising determining, based on the DRAM
cache indicator cache, whether the read address is found in the DRAM cache by

determining if a way number for the read address in the DRAM cache is non-zero.

32. The method of claim 25, further comprising:
receiving, from a system cache, a memory write request comprising a write
address and write data comprising clean evicted data;
determining whether the write address is found in the DRAM cache; and
responsive to determining that the write address is not found in the DRAM
cache, probabilistically writing the write address and the clean evicted

data to the DRAM cache.

33. The method of claim 32, further comprising, prior to determining whether the
write address is found in the DRAM cache:
determining whether the write address is found in the DRAM cache indicator

cache; and
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responsive to determining that the write address is not found in the DRAM
cache indicator cache, probabilistically replenishing the DRAM cache
indicator cache;

wherein determining whether the write address is found in the DRAM cache is

responsive to replenishing the DRAM cache indicator cache.

34. The method of claim 32, comprising probabilistically writing the write address
and the clean evicted data to the DRAM cache by:
selecting a way to be evicted from the DRAM cache;
reading a memory address of the selected way from the DRAM cache;
writing the write address and the clean evicted data to the selected way in the
DRAM cache;
updating a way number for the write address in the DRAM cache indicator cache
to a way number of the selected way;
determining whether the memory address of the selected way is present in the
DRAM cache indicator cache; and
responsive to determining that the memory address of the selected way is present
in the DRAM cache indicator cache, resetting the way number of the
selected way for the memory address in the DRAM cache indicator

cache.

35. The method of claim 34, further comprising, responsive to determining that the
memory address of the selected way is not present in the DRAM cache indicator cache,
replenishing the DRAM cache indicator cache by:
reading a master table entry of the selected way corresponding to the memory
address from a master table in the system memory DRAM; and
writing the way number of the selected way for the memory address to the

DRAM cache indicator cache based on the master table entry.

36. The method of claim 34, further comprising, responsive to determining that the
memory address of the selected way is not present in the DRAM cache indicator cache:
resetting the way number of the selected way corresponding to the memory
address; and

writing the way number to a master table in the system memory DRAM.
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37. The method of claim 25, wherein the DRAM cache management circuit is
configured to operate in a write-through mode, and further comprises:
receiving, from a system cache, a memory write request comprising a write
address and write data comprising dirty evicted data;
determining whether the write address is found in the DRAM cache;
responsive to determining that the write address is not found in the DRAM
cache, probabilistically writing the write address and the dirty evicted
data to the DRAM cache;
responsive to determining that the write address is found in the DRAM cache,
writing the dirty evicted data to the DRAM cache; and

writing the dirty evicted data to the system memory DRAM.

38. The method of claim 37, further comprising, prior to determining whether the
write address is found in the DRAM cache:
determining whether the write address is found in the DRAM cache indicator
cache; and
responsive to determining that the write address is not found in the DRAM
cache indicator cache, probabilistically replenishing the DRAM cache
indicator cache;
responsive to not replenishing the DRAM cache indicator cache:
updating a DRAM cache indicator corresponding to the write
address in a master table in the system memory DRAM;
and
writing the dirty evicted data to the DRAM cache;
wherein determining whether the write address is found in the DRAM cache is

responsive to replenishing the DRAM cache indicator cache.

39. The method of claim 37, wherein probabilistically writing the write address and
the dirty evicted data to the DRAM cache comprises:

selecting a way to be evicted from the DRAM cache;

reading a memory address of the selected way from the DRAM cache;

writing the write address and the dirty evicted data to the selected way in the

DRAM cache;
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updating a way number for the write address in the DRAM cache indicator cache
to a way number of the selected way;

determining whether the memory address of the selected way is present in the
DRAM cache indicator cache; and

responsive to determining that the memory address of the selected way is present
in the DRAM cache indicator cache, resetting the way number of the
selected way for the memory address in the DRAM cache indicator

cache.

40. The method of claim 39, further comprising, responsive to determining that the
memory address of the selected way is not present in the DRAM cache indicator cache,
replenishing the DRAM cache indicator cache by:
reading a master table entry of the selected way corresponding to the memory
address; and
writing the way number of the selected way for the memory address to the

DRAM cache indicator cache based on the master table entry.

41. The method of claim 39, further comprising, responsive to determining that the
memory address of the selected way is not present in the DRAM cache indicator cache:
resetting the way number of the selected way corresponding to the memory
address; and

writing the way number to a master table in the system memory DRAM.

42. The method of claim 25, wherein the DRAM cache management circuit is
configured to operate in a write-back mode, and further comprises:
receiving, from a system cache, a memory write request comprising a write
address and write data comprising dirty evicted data;
determining whether the write address is found in the DRAM cache;
responsive to determining that the write address is not found in the DRAM
cache, probabilistically writing the write address and the dirty evicted
data to the DRAM cache;
responsive to not writing the write address and the dirty evicted data to
the DRAM cache, writing the dirty evicted data to the system

memory DRAM; and
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responsive to determining that the write address is found in the DRAM cache,

writing the dirty evicted data to the DRAM cache.

43. The method of claim 42, further comprising, prior to determining whether the
write address is found in the DRAM cache:
determining whether the write address is found in the DRAM cache indicator
cache; and
responsive to determining that the write address is not found in the DRAM
cache indicator cache, probabilistically replenishing the DRAM cache
indicator cache;
responsive to not replenishing the DRAM cache indicator cache:
updating a DRAM cache indicator corresponding to the write
address in a master table in the system memory DRAM,;
writing the dirty evicted data to the system memory DRAM; and
determining whether the DRAM cache indicator for the write
address from the master table indicates that the write
address is in the DRAM cache;
wherein determining whether the write address is found in the DRAM cache is

responsive to replenishing the DRAM cache indicator cache.

44. The method of claim 42, wherein probabilistically writing the write address and
the dirty evicted data to the DRAM cache comprises:
selecting a way to be evicted from the DRAM cache;
reading a memory address of the selected way from the DRAM cache;
after reading the memory address of the selected way from the DRAM cache,
writing the write address and the dirty evicted data to the selected way in
the DRAM cache;
updating a way number for the write address in the DRAM cache indicator cache
to a way number of the selected way;
setting a dirty indicator for the write address in the DRAM cache indicator
cache;
determining whether the memory address of the selected way is present in the

DRAM cache indicator cache; and
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responsive to determining that the memory address of the selected way is present
in the DRAM cache indicator cache, resetting the way number and the
dirty indicator of the selected way for the write address in the DRAM

cache indicator cache.

45. The method of claim 44, further comprising, responsive to determining that the
memory address of the selected way is not present in the DRAM cache indicator cache,
replenishing the DRAM cache indicator cache by:
reading a master table entry of the selected way corresponding to the memory
address; and
writing the way number of the selected way for the memory address to the

DRAM cache indicator cache based on the master table entry.

46. The method of claim 44, further comprising, responsive to determining that the
memory address of the selected way is not present in the DRAM cache indicator cache:
resetting the way number of the selected way corresponding to the memory
address; and

writing the way number to a master table in the system memory DRAM.

47. A dynamic random access memory (DRAM) cache management circuit,
comprising:

a means for receiving a memory read request comprising a read address;

a means for determining whether the read address is found in a DRAM cache
indicator cache of the DRAM cache management circuit;

a means for reading data at the read address in a system memory DRAM,
responsive to determining that the read address is not found in the
DRAM cache indicator cache;

a means for determining, based on the DRAM cache indicator cache, whether
the read address is found in a DRAM cache that is part of a high-
bandwidth memory, responsive to determining that the read address is
found in the DRAM cache indicator cache;

a means for reading data at the read address in the system memory DRAM,
responsive to determining that the read address is not found in the

DRAM cache; and
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a means for reading data for the read address from the DRAM cache, responsive

to determining that the read address is found in the DRAM cache.
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¥ FT iR DRAM 55 38 2% A7 F 7 A 1 SR G2 A7 AT it s+ BTS00 ik 5 N Mk 1) 2% 9 5 8T R
FITid BT e 356 4% 1 1 4 5 5

T 78 BT IR DRAM R 3R G A7 F 7 A 10 T8 2% A7 AT fith 2 71 (1) 15 i ik 5 N kb 1 2 A8 B8 48 7R
7
iff 8 BT P 326 5 1% 1) BT 38 A7 i 8 b 1k 2 75 A7 75 T B iR DRAM =y B G2 A7 48 78 A = T 22 AT
fEfitas s &

Wi - 58 T 3R T 3 43 B () T R A7 8 M 1l 47 76 T P ik DRAM G 338 22 1746 7 745 v TR 42
AN RS, 32 A7 T IR DRAMST I G A7 48 7 157 e S G A7 AT o T BT 0 BT 3R 555 N b ik 1) i 3k Py
PR 1) BT IR B 25 I TR O A8 B AR IR AT

A5 AR AEAUCR B SR AART IR 1K 532 , Fodk — 20 QL FE ) B T 22 BTk B e 3 % 1) BT 38 A7 i
s LA AELE T BT IR DRAMRT SR ZR A7 F8 /R A R R G AT A7 o 80 DA T 4 % b 78 FT ik DRAM
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R G AT TR N R R R ATAT 7 -

TEHOR BT BT I8 A7 2% M B (0 BT I8 B e 36 8 1 = 45 3R 05 %

FE T BT i 32 45 28 0K £ 5 BTk A7k 2% 3t 1k () BTk B 0 38 8 1) T 348 8 9 5 5N B T i
DRAMET I G A7 87N Ry R GRATF AL i 4 o

46 AR AR B SR AART IR 1K 532, Fodk — 20 AL ) B T B 22 BT B e 5 8% 1) B 38 A i
A HUHEANAEAE T BT IR DRAM R SR 2R A7 4R /R B 1 I AT ATt 28

SN BT BT IR A7 s kb () BT 38 B e 36 2% 0 BTk 2% G 55 22

Wi ik % 95 5 N BIFTIR RGAT B 2SDRAMA ) 453

47 . — FhEh ASHE N AT BUAE £ 2 DRAMEq 8 G2 17 5 H 2, LA 35 .

F T BRI B0 HE S R A7 2R S DU SR I 25

FH 31 58 3R 1 B b ik 72 75 76 i i DRAM iy 1 % A7 7 B P I X DRAM =y T 22 A7 F 7 149 1=
HEATATAE R PR I 2

FH Wi T B 52 T 3R 132 B M Bk E i 3R DRAM G 33K 22 A7 36 7 745 o 1R B AT AT as vh R il
IR T S HULE R G0 A7 25 DRAM AR 119 B3R 152 b B Ak 1) 540 1) 225

FH Wi T B 72 T 3R 132 B M B 7 3R DR AM G 33K 2% A7 36 7 757 1o 1R 2 A7 AT s v gk A L
11 52T T IR DRAM 51 3 22 A7 48 718 T5F 1o T S A7 A7k o B 22 T 1 DO bk 2 75 78 R i i 9 A7
A TRTH 20 B DRAM K 22 A7 A7 i HH 4 A LI 25

FH Wi T B 12 T 3R 132 B M B 7 i 3R DR AM 5 33K 2% 1747 il % v 2R 4k 2 B0 T 1 B e ik
RGAT AR DRAMA (1 BT S B Hb bk A I B 1 25 B 5 K

FH W -y 58 T 3R 35 B M 1k 7E BT 3R DRAM =3 33 28 A7 47-fifs 2% P 9 & L M FIT SR DRAM S
TRGEATATA A R XS i Sz U b () B H 2

11



CN 108701093 A ﬁﬁ HH :I:; 1/16 1

F BEASHEH ZEUZ 552 (DRAM) BiREFIE RS IRERTE
e LUR AT 3 FEDRANS IR E 7 & 18

[0001]  fRSEANEK

[0002]  AHRIERER201645:2 H22H HiE H 8N “ff F 3 25 BE HLA7 BUA7 il % (DRAM) 1=y 3
AT NI B A A7 2% LLIR {1 v 7 JE DRAM /=y % 2% /7 &7 ¥ (PROVIDING SCALABLE
DYNAMIC RANDOM ACCESS MEMORY (DRAM) CACHE MANAGEMENT USING DRAM CACHE INDICATOR
CACHES) ” [ 5562/298, 0885 3 [ Ilfq irf & | H1 15 S I LS A, T iR B i R A LA 423051 H
5 KFHFANAE

[0003]  ARHIIERERK20164E8 H4 H #11E H 8N “ff BN BE AL IUAT 75 (DRAM) 1=y 2%
LG R o TR AT 2 LR A T 3 FE DRAM 5 3 22 4% 5 L (ROVIDING SCALABLE DYNAMIC
RANDOM ACCESS MEMORY (DRAM) CACHE MANAGEMENT USING DRAM CACHE INDICATOR
CACHES) ” If15515/228 , 3205 ZE [H & | Hi 1 R IR Se B, Frid B RIH G RN AL L5 T
XFFAAR

FAR S
[0004] A BHIBAR RAR 30 S S ZSBENUAF Uit 25 (DRAM) ‘B 2, H £ 15 5 N DRAM
R B AR A I HE

BREA

[0005] b2z o B HOE ) 2 /N HE S AR A MR AR HE B AR L % (T0) (0 Y BL O 15 e 6
TR HE S BN FENUAFIAE 2 ORAM) o 48y HE B DRAMPAT FH TSl A SC R Rkl o
T DEAFA e IR AE AT A o v i D8 A7k 2 SE AL L 3 L 2R G A7 fik A8 DRAMBE JKCH) 7 5, (RIS 4R 3
ALLAF U S o £E — LB STt 5 S 7 ey i D A il e B ) D B A A A%, BRI T B R G A
it s DRAMEE $230T 4 45 42 11 0 B4 S 07 (190 A i 2 o s i 98 A7 ik 2 1T 3 SICJREDRAM ey i 22
FEAF At 25 LAAE fifh S BT AN AR GEAF i 4 DRAMSE IR EL M iy 2 v S A7 A it oy (491 2 1 D A FR 1)
PESCII 3BT (L) iy Ik G2 A7 A Ak %) 328 1) 22 D0 2 A7 B P i o $ 0 vt oy 96 A i 4 1 A DRAM
TR G AT A Gk 2 W] Rl R GUAE Gk A DRAM_E [ A7 it o 5 5 ELIRI RSB b 8 n B A4 - s 117

2p
Do

[0006] AR, /=37 B A7 it 2 HH T DRAMR] 38 2% 47 17 fith 2 1) 5 2 AT 3 e Bk 5K - DRAM =y IR 9% A7
TEfi % RN FHEL T RGAT A A DRAM/INE AN B8 B 2« DRI I, DR DRAM =y T 2 A7 A7 fih % 1T {UAY
TE1# R A% 2R DRAM A 1 B0 () 14 , T LA DRAM 5 338 2 A7 AT 2 (1) A5 2800 B e T 435 A7 0
(1) 7 fit s b ik 1) 225 B 280k 45 o DR ok, DRAM ey 33K 8 A7 /5 AT A IS R 08 A e WA A2 A7 i 4 k- 2
196 P M Hb 22 25 7E DRAM Ry 38 2% A7 A7l o A 5 L SL gk — 20 e 68 1y 2 A7 fifh # Hh il AT oy . 22 26 71
DRAM =3 3 G2 A7 A7 fith o T 2%/ BN DRAM =y 33 5% A7 A7 fih 2% 13 H o X T DRAM =y 3 4% A7 & BEALAY
Rt T 7 B A /N K DRAM i 38 2% A7 A7 it 8 10 47 U 928 P 52 1), L AH X - DRAM =y 33 2% A7
TP KN e/ BURGAE (48 DRAMK /N AT &

(00071 SRACLT- m] 45 BE MU vy S G A7 A7 il 1) 7 20, DRAM s T8 22 A7 45 B 1) — % 5 2R F
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T N T 8 1 S DA AT A S I AR RS I R S A AF 4 o AR — PSR,
DRAM =y 3 S A7 A7 fifh 4 AR S IR (14 A3 b R840 1 U SR B sy iy 9 Ak 2 00 B0 110 7 A B
BUAF A A 2% (SRAM) R o R 11, BE 7V T R A AT S8 70 97 R DRAM R T 22 A7 A7 fils 25 K/, L
TR DRAM 5y T 28 A7 A-fik 5% /N R] 75 BRI AR B 7 B/ BUR K DL BUAS REA7 1 T
SRAMA I AR5 o 573 — 7330 B Kb 28 52 61 T DRAM s A7 A7k 2 & N T 3B 8 A T i B4
Fr BRI SRAMPA » B A5 FH i o/ oA iy o TN 5 DL B 5 2 5 A il s i ik 75 £ i 3 DRAM s ik 22
AFAF A A N o ERAR IS5 — RO S /MU TH SR P mP X SRAMER) 48 P 22, LA AT A I A 000 s
P B MR GA it A DRAMSE B o 25 R, A S iy o /oA i v L0 45 AN L 000 17 s 5
M hik % 37 T DRAM S B G2 A7 A7-fifi a5 71 T8 A S A8 48 7152 A2 M SR G0 A7 1 A DRAM S BUAF- s 2 3t
Sk 22 Hi R DRAM =3 T2 22 A5 A it 25 X AN a6 BRI 51 o A B2, i SRty v/ AR iy o 90000 2% A 1E 1
o FRINAT fif s LIS AN RE 7 T DRAMR R G A7AT fifi e o S48 S X R GEAT fith S DRAMER) A o
T I 2 v BEARIR 9% o AN b RSN HL 51 A B MF B S , L wT 1 B 436 HIDRAM =3
GAFAF it A 7 A AR A PR RE S

[0008]  [A| i, 75 EEHR M T 47 A DRAM = o 2% A7 B D AC b Ak 453 117 9 [ I e /ML SRAMYH
e LI SE R AT o

b ES

[0009]  VELNHIA 2 T 75 TR AL 1 FH Bh A5 B ATLAF BUAT i 25 (DRAM) (=5 2B A7 FE/n 7F =
T AT AT B B AT 3 FE DRAM R $H 22 7745 . 7 — S8 7 i v, (L DRAME, 33 22 17 45 P A %
DL BT /30 iy B AT A 1T DRAM ey 3 22 A7 it 2 110 A7 H o DRAM =y R 2% A7 B P % B0 FH DRAM
B R ZAT RN T B TR AT ATt a4 » FIT IR DRAMST SR AT FE 7R 157 = S AT AT 7 FH DL s S A7
FFE R, Brid 38R I A DRAME R 22 A7 Fa /s 13 HLN RGEA7 i 2 DRAMA 1) 32 48 R T LAk
o DRAMYR S 2% 47T 7~ 47 1 75 DRAM /= T 2% A7 B HE I BB 8 1 08 RS0 A7 i 28 DRAMHH (1) A7 i 2
4T 7 75 TEDRAM R 2 A7 A7-fits 2% P 0l e S 22 A7 (B, 8 Y v s 9 A7 it s S i) , HLAn SR 2, A8 4
1 78 A7 it A A T A7 TEDRAM ST TR AT A7 2 () W — %% o J25 T DRAM = SR 2% A7 F 7 75 1= TR 2% AT AT
fiti 2% , DRAM Sy T8 % A7 F1 pEL 2% T 1ff 5 A7 it 4 5 AF J2 75 I fff I DRAM /=y o G2 A7 A7k 2 %/ B AE
FH 2 G0 157 3 DRAMTT $1AT" o DRAM 1y 33K 22 A7 45 B L 6 (1) — 28 7 1 v 30— 25 Bt 60 38 P fli e
% o 7EE 48 7T M DRAM 733 S A7 A7-fifs s 5K R G A7t 25 DRAMISE U ) 155 2 H , DRAM =y 3 2% A7 5
H, B2 T ol FH 7 38 T H, B SR a2 B 1S BDUCER U i 1 ) 3 24

[0010]  DRAM S i 2% A7 & B % (1) FL ' 5 Tl 2 B AR 58 42 5 A BEE B B iR 4 78
J& — 5 THIH , DRAM ST IR AT HB 7N 15T i IR AT AT o v A4 T H I — i ds ATt
AR o AE— L TT T, DRAMRT B G A7 A7-fiti 7% 22/ BDRAMST IR AT T8 7N 17 e TR B ATAT it 2 ]
TN 4 R 1T EH DRAM =y 3 2% 47 5 P FL % SR 4D 78 o 254911 R U, DRAM ey i % A7 /8 P P % ]
22 B 1M LA Bl AL 1) B8 b 78 DRAM =y 3 G A7 A7 it a5 S / BUDRAM /=1 3 25 A7 48 7 A+ 1 T8 2% A7 A7 ks
ax, LA — AN B 23 Le I 2 B ATLIZe 38 1) 250408 1 75 N BIDRAM =y 1 22 A7 A7 fith 2 % / BUDRAM /5
BTN R R R AT AT 28 -

[0011]  #E —J7 1, 24— FRDRAM =) 3 2% 47 5 BH H % - DRAM /=y 1R 22 A7 5 B F i DL A5
J7 2R B B A T AT 2 I 43 I DRAM = SR 28 A7 A7 fiti s » HLst— 25 LB AE 77 U & 31 &
G A7 At B DRAM . DRAM 57 18 22 175 P Pl 6 A0 95 20 B B DA 7o T 2247 I\ R S8 A7t 2 DRAMA () 245
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FBLHLT 2 > DRAM R 3 2% A7 48 7R 155 [F) DRAM R S 22 A7 45 7R I4F =0 S 2 A7 A7k 2% - FIT 18 2 1~ DRAM
R AT RN TR 7N RGUAT 45 DRAMIR X B A7 2847 /& 75 AEDRAM =y 3K G A7 A7 il 28 4 =
TREAT - DRAMR) I 2% A7 8 HH W, It 22 0 B DA 422 SO E0 958 13 O ke ) A7 i 88 132 B3RS 5K o DRAM /=7 Tk
RAT S B IR 2 3 — D T B DL R B Bk 75 2 7R DRAM RS S 25 A7 1 /s 7 1 SR 2% A7 A7
A R R T o DRAM =y 33 22 A7 55 £ H, 1%t 28 P 5 DAL V) 7 A 5 1 B b hik 72 DRAM Sy T 22 A7 F 7R
PF 1o TR R AFAF it 2 v AR R I, B EUAE FR G A7 fith 4 DRAM AP P 452 HC - A 1) 250 488 - DRAM =y i
2 A7 TR E % ) AN 2R i B DA T 8 o 52 B b ik ZE DRAM Ry 3 22 A48 71 157 v 1 G2 A7 A7k 2%
WA R I B T DRAM S G847 H 58 7 1°F e G2 A7 A7 i o 1711 16 o B2 Db il 22 75 FEDRAM =y T 2% A7
17 At 2% T B R I - DRAM Ry 3 2% A7 755 3L P % 20 i3k — 5 i B DA W) Jo - Aff 52 2 B b bk 7E DRAM =y 38
LEATATAit 2% T AR R B, S EUAE 28 G5 476 2 DRAM A F 52 B M 1k &k ) K50 415 - DRAM 5 138 9% A7 5
T H, I 1 28 T0 B DI ST S 152 E b il 78 DRAM i 1 22 47 A7 2% 0 e I, M DRAM S K 2 47
1A 2R FUET o 5 B ) 0

[0012]  7E 55 —J7 i, 34t —Fh H T 34 nT 4 R DRAM s 8 2 A7 B B K 5 vk o Bk 77 v
J55 368 5= DRAM T 0 22 77 /85 4 o, B0 A0 A5 S B M ik 1) A7 i B B B 3K o ik 7 v — S 45
iff 5 T2 H Hb 1k A2 3 7E DRAM =7 3 % A7 /& B PR I 1) DRAM = 3R G2 A7 46 7~ 17 i IR G A7 A7-fith 2 P 4
KB o BT IR 7 9%t A 55 ) T 5 B 1k 7F DR AM S 33K 2% A7 15 715 157 ot o 2 A7 AT 2 PP AR
R, BEHUAE R GUAT i 2 DRAM AR [ 152 B M b Ak (1) B89 o Bk 7792 5 4760, i i 57— i 2 152
Hhy 11k A2 DRAM R S 22 4718 7 A 1 S G2 A7 AF Mt 2 P A R B, 2 T DRAMS s G2 A7 FR 7 1°F e i G2 A
A7t 2 B 2 SO Bk 75 78 8 4 B A7k s 0035020 TR DRAM =y S 22 A7A7fith 2 HH 4 R B T i
T3 ¥ L FE ) 87 T A 5 S O B 7E DRAM Ry 33 2% A7 A7 i 2 HH R R B, BEENTE RGE A7 1k o
DRAMHH (1) 1552 Bt 1k Ak PO 55088 o BT IR 7925 S A1 B i i) 97 1 i o 152 BB B 7E DRAM =3 TR 2% A7 A7
A R I, IDRAM T 2% A7 A7 it 2 5 At ¢ s B b ik 1 2504

[0013]  7E 7\ — 5 HIH , FEA —FhDRAM S S 2% A7 5 HH HA % - DRAM /=y 3 2% A7 5 HH W % 46
TR CLFE L IR R A7 6 2 1 O SR 1Y) 236 B DRAM Sy T 9 A7 5 B P, g it — 2D B0 468 FH T 1
SE T H B R 75 7E DRAM S, 1 22 1785 T e B O DRAM 57 3R 22 A7 TR 7 147 o TR 2B A7 AT A s v o
DL 25 B DRAM =y 3 2% A7 /65 34 . B th 60, 585 FH ) 2 i o 1 B ik 7E DRAM = 3 2% A7 48 7R 1°F
TR R G ATAT it 2 7R A R I T 1 BUAE R G847 it 2 DRAMA (1) 452 EU kb ik A F B30 90 1 225 ' DRAM
o T A7 R I 5 ML S e T A S R b Bk 7E DRAMS 8 2% A7 76 /s 7F i 8 2 A7 AT
fih 25 7 B 5 LT 6 T DRAM 57 T8 G A7 48 78 157 i T G A7-A7- i o 1 13 b bk 2 75 78 R v s 5
A7t 25 10350 23 (I DRAM i 3o 28 A7 A7 2 P it R L) 255 B o DRAM 3y S8 % A7 5 B e B it — D 0 36
FH g 871 5 152 b ik 7E DRAM Sy 3R 22 A7 A7-fifh # P AR K I IT0 B2 BUAE 2R S8 A7 7 DRAM
(140 TS5 B Rt Bl A 1) 25090 1) 25 L o DRAM ey T3 2% A7 348 W 8%t B 58 P i) 87 T A e 15 B ik 7
DRAMSE7 3 2% A7 A7k % HH 45 5 0 1T ADRAM =] IR G A7-AF ity s 2 T TS Bt b () B0 H 2
[0014]  7E 55— 7 T , $RA—Fh b T A7 i V1 S L AT AT H8 2 16 R 87 B P T S L mT s
A o 2 iE i AL IR B AT I, BT v SR HL AT AT i A A 45 ik Ak 3 2 WA A s B ik ) A7
fifs 2 IO SR o TR THE ML T AT 8 21— 208 15 A0 3 25 10 5 B2 kb il /2 75 7E DRAM = i 2%
A7 PH HL R X DRAM S G2 A7 48 7 137 e i G A7 AT o TR A A o BT iR v AL AT 04T 45 4 i
75 A 3 35 00 87 ) R 12 M bk 7E DRAM i3 33 22 A7 458 7 1°F i 3 SR ATAF ity 2w A 2 R 0 T 152
TE R GAF it 2 DRAMA (%) S U bk A AR 5080 o BT 3 1 SN T 04T H8 4 T3 A 75 Ah 2 2% i 97 T
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iff 3 152 H Hb 11k 7F DRAM = T 22 A7 F8 78 A°F 1 38 2 AT A7k 2% HH 40 5 LT 226 T~ DRAM = 3 G2 A7 46 7~
A R0 R GEATAT it 245 1 5 S EDCHh 2 75 7 D 1 7 B A7k 2 (140 3508 23 I DRAM ey 33K G2 A7 A7 i 5
R I o TR T B T P AT 52 HE— 20 {8 75 A 2 25 00 197 - ff 5 152 b b A 78 DRAM R 33 2% 17
A7 it A R I T 1 HPE R G0 A7 2 DRAM AR [ 152 b i Ak 1) 5040 BT IR 1 AL T 04T $8 2
A4 Ak 25 00 1S 5 1 152 Ak 7E DRAM /=y 3 2% A7 A7 i 2% 7 485 % BT A DRAM iy 18 % A7 A+
fitg 2 UL S0 13 B Tk 1) B

B [=115¢ BR

[0015] 1052 A B ER I R HER , i 2k 1 AL BR AR 1) AR 4t 0 & 1R (Sl AR LA HX
FA A (DRAM) (R T S8 A7 A ifh 2% X0 1=y s S8 A7 4 » S 345 HIDRAM Ry B 22 A7 5 75 14 1 T 22 A7
FAt A% ASZ B RT3 R DRAM ST 22 A7 R A 7= Vi TR DRAM =R 2 A7 P AL K

[0016] &I 2A%12B A1t B T AT F P 1F) DRAMRS 38 2% 7725 B Eb 8% 25 B4 160 7 /7 Y ME DRAM=
TR G AT AT s B 7 YO 1k 42 R TS DRAM R T G A7 TR A e i G A7 A A O HE I 5

(00171 &35y 1 B I sk FHI 181 1 B DRAM Ry 3R 2 A7 15 75 147 1 SR A7 fih w4 A DRAM = 1 2 A7
A A% AR IIAT B R A 1D 18] 1 AR DRAM sy 3 22 A7 B L BR PR s Y VE SR AR IR SR I 5

[0018]  [&4AR4CTy Ui B I T 1 58 25 AR A ak [l B A b du AT el “Jms™ (B, R Bl
Helfm 3BT (L3) ey ik G A7 A7 i 2% 32 HH 7 2R I 5N B A 1T 18 1K) DRAM S 33 % A6 5 P B ) 7S
HERES S (RINMIWEHAR

(00191 [E5ARI5CTy Ui I HI 18 58 5 AR AT 2 AR (B, 8250 B L3
R 7 A7 A7k #4512 H 77 AR 1K 5 ON A5 AR 1 81 110 DRAM &y 18 22 A7 85 2L, B8 1) s i 1R 4 AR TR A
SE

(00201 [&6AZI6D g it B I 7E 8] SR 3 AT el 32 5 Kt ML 3 v el 22 A7 A7 fif 45 12
PRI B NFRAE (0 B 1T DRAM Ry 1 22 A7 7 B H it ) sV PR SR AR I SRR I 5 L

[0021] P& 7o) 40 5 [ THIDRAM gk 22 A7 B i BRI s v Pk 1 AL PR 28 1) RGEHIAE A

B A

[0022]  FWAEZZH &0, ik A8 K B I 2 7 YO P 7 T o )1 TR yu e R A S DL
T84 SAF) AT EG LA o AN DG A ST IR S TR VG IR AEART 7 T A R A B T
‘BT .

[0023]  PEANFEIAR H A FF B 77 TH AL & A8 H S A BEALAT B fig 8 (DRAM) =R A7 T n 145 =
TR AT AT AR AL AT I EDRAM R 3 G2 A7 55 HH o A0 A SO BT 43R , DRAM R 338 22 A7 85 T )5 8 7
FH DRAM =1 o 22 17 B 77 22 ) FH ) 2 %) DR /IS REDRE ST 1 7 BB 1) DRAM =y TR 2% A7 A7 it 25 1)
HEME N ERNDTY RE I, gl , B 1 7R yufh 5 T A B AR 1 RSt 100 HE K
P 25 - Ab B 2R 1 R 48 10042 £k FH T8 B 9 1 iy 58 A7 1 2 L0614 318 43 (I DRAM =y 3K 5% A7 A fih
A 104 DRAM /=y I 2% /75 HH HE 6 102 2 T AL BE AR 1) RS 1008 B RS A7 il #¥DRAM 108, A
— e T R RS — B N RUT A S AR (DIMM) CRIEIZR) o FE T AL B 88 1) R 4010053 —
BT FAR A 110, RG RS AT A 2 112 (VE AR PR il v S5 an By (L3) vy i 28 A7 A7
fitigs) AT PR oFEAR A B IR T BE AR A R 1000 A 75 O A = @ B ook - Sk
P& A FRAZ O S/ AR AR S A DL S B T B A A AT — 3 A ST B iR ) T T I
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ANLVRT A AT R E A B, BT AT AT G T R 2L SR 7 8k 3% B & Fhdh
) AT S o N HE AR, JEE T AL PR B 1K) AR S0 10011 — %4 775 THT AT 6 25 ok B L ep BT 58 A 1 S 2 e 2 DA
AMETOE

[0024] Syl dk A7 fif 2 oF , 2 T AL BE SR 2R 48 1001 /55 55 A7 25 106 P4 [ DRAM =) 33 2% A7
TEA 28104 7] F T 75 3 B A7 56 00 M RS AE 4 28DRAM 108N I A7-4iF 2247 114 (0) 31114 (X) H2HK
I/ B R G R TR EAT ATt ws 1 1218 H A s bl CREUR) Beidis CRIER) o AE N AERR il
S, — 2 75 T A B E AN AN AE N R GEAE i #SDRAM 108 B2 HUA 3 J5 4 7 ZEDRAM R i 22 47 1F
fiti 7 1047 = A7 B » i 78— e 07 T E0HE T UM AE N R G s TR AT AT 2 11235 H i
7 TEDRAM =) TR 22 A7 A7-fifi 2% 1 04 HH 4 /= TR 2 AT o iR — 285 17, % T AR BR AR BN SR H RSt
SR GATAT A 112 O A8 BE 3 H P fid R () 132 B, 76 AN RS A7- it 28 DRAM 1081352 BUCEU 3 /5 ]
TEDRAM T 28 A7 A7k 2% 1040 =y SR 22 A7 2045

[0025] &y B A7-fifi i 1 06 PN [ DRAM iy SR G AT A7-fifi 2 104 1] S AL T RS A7 i 2 DRAM 108 &%
5 KRG AT #DRAM 108FF:47 HbAFHI o DRI I , A7 it #% 5 . P00 3 [ B A DRAM /5y 33 2% A7 17 it 2%
104} RGUAT it #DRAM 1087 52 B ARG 0 o 75— L5 75 T A , DRAM 1 I 22 A7 A7 it #5104
A I it i AT $6k SR DA 7 DRAM Ry SR 2% A7 A7 fifi s 104 PN RT3 HH R dE 3

[0026]  fAAETE RGLA7 i #RDRAM 108 1) 38K 116 H LA ERER KRG AT #5DRAM 1081 W i
#7114 (0) 2114 X) 17 T DRAME SRR AFATfifi 2 104 o REER MR, A S Ffdi T, &
GATEASDRAM 1081 “AE48 1T 18 RS AF-E#RDRAM 1081 B %5 T R4t m i AT A7l 2
1120 R AFAT REDR) KRR E R —#5r . EIER116 5 FH H T A5 X REiA7 i
#¥DRAM 108HIAFfit #8417 114 (0) 2114 (X) H 18— & FIDRAME TR 22 4748 7~ #7120 (0) 2120
X)W L1118 (0) F118 (M) » —LETF I T FLE , EFERII118 (0) 2118 (M) HH B —F 1)
KNI LT i 2 A7 it i 1) A7 ity 2 A7 EDURE BB o AR R AR B ) 12 S A1, X6 T 644N 771 (1) A7 fitg 2 A7
HURLEE , 3483811118 (0) 118 (W) H 1y B — 3 [RI AL FE644 7747 o [K L, FEDRAM= s 52 17 45
ANFF120 (0) 2120 (X) FH R —2 48D (4 MR 7, F R 1168964517 F IR I
118 (0) /118 (M) H (1) —F AT AF ST X RS A7 #5DRAM 10817 128N 7 fif#r 17114 (0) F
114 (X) [FIDRAMET S 2 A7 H6 /R 75120 (0) %120 (X) »

[0027]  fE—S6J5 A, 45K 1167 Y DRAMET IR 2% A7 48 7 77 120 (0) #1120 (X) W — &
AMUFETR R GEATF i 4 DRAM  LOSHRI S N AF it #81T 114 (0) 2114 (X) & B AFAE T /571 T8 A7 fifi 2
1061 DRAM = IR 22 A7 A7-fiti s 104 , 1) ELFR /XS NAF it 47114 (0) 2114 (X) £7-6if T-DRAM = 1
GEATAT A 2 LOATRT W — #5122 (0) 31122 (Z) o 28R i, 7 — L& J7 [, DRAME S S 47 48 7
#7120 (0) £]120 (X) i EE—F AFEIY (4) A7, HDRAMR 22 /717 fif 25 104 7] 246 154 %
122 (0) 122 (14) (BF,2'-1) . A2 (0) 14 I DRAME 3 22 /778 7~ 747120 (0) 120 (X) 48758 £
GATfiE2RDRAM 10811 %) MAFfif #5177 114 (0) 2114 (X) A7 T DRAM =1 I 2 A7 A7 i 25 104
A KT (0) FI{ENFIDRAMET I 22 /7 F8 - 77120 (0) 21120 (X) 878 KRG A7 fiE25DRAM 108f1)
ST NAFERRAT 114 (0) 2114 (X) F #5122 (N-1) H A7t T DRAMS SR 25 A7 A7 it s 104, Horho<<
N-1<7,

[0028]  JIERfF, fE—LL 7T A, EFER 11609 EFERKIU118 (0) F118 (M) n] AR H% Hi DRAMR &
GATAE i A L0421 5 122 (0) 31122 (Z) 1% B $R 4R T8/ T- DU A (4) £7 1 DRAM =y 1 %
FEFRRTF120 (0) 21120 (X) o A J9E PR il 14 52451, % TR — DRAMR B % A7 Fi5 An 74120 (0) #1120
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(0 H AL 2% 5Q , DRAM ) T 22 A7 A7k A 104 ] SR B H AN 122 (0) 2122 (7) , Hhz=
291 Ak, AL HE T (2) M7 DRAME SR 22477 /R 177 120 (0) £1]120 (X) X B F A48 = (3)
122 (0) #1122 (2) AIDRAME 1K 22 A7 A7 #5104, 1045 = (3) A7 DRAME ¥R A7 45~ 7120
(0) 120 (X) XF B T2 L5 (7) 86122 (0) $1122 (6) [{IDRAMET M B AFAEME 22104, F 0% T K
20 K 2BFE VE b 18 IR DRAM T 3 22 A7 FE /R 747120 (0) F1]120 (X) S DRAM R 33 G2 A7 A7 i 25 104 A
Gl
[0029] [RNFER11600 EHERIL18 (0) F118 W) fFAEEH X RGAF- i #5DRAM 108+ (1) &F
— AR 17114 (0) 2114 (X) FIDRAMEEZZ A7 7R 77120 (0) 120 (X) , AT LA =R 1161 K
/NHEAE R GAT A DRAM 108 /NI vy 38 n o 28 451K 106, 75 35 116 N IR DRAM =7 3K 2 A7
B/ 7120 (0) 2120 X) & H W ) ALy 7, 3R L6 KN R GEAE i 75 DRAM
108 K/INEI0. 4% o Rt , A7 B T4 — fE At A B AR I =8 R 116 7] 5 & AT 4 M {8 FHDRAM
TR OEAT AT % LOAR) 1 BE 2 A R e ZE A 7] o TR b, 75 LRI T 9 R LA LA FH /8 2 X6 DRAM 5y
TR GEAF AT At 25 104 A7 B LA CSCE A7 238 71 0 [ IS e /NI A8 A 5
[0030] gt sth ok it , DRAMiES ¥ 2% 47 45 B b BR 1022 41t DL B O DRAM RS K 22 A7 A2 1 25 10411
A7 B DRAM 3 % 47 5 P L 2% 10258 A7 T 1HE AR 110 b, H LU AS 77 U & 217 o6 A7 1
106 K RGUATfiE#RDRAM 108t 1] 1 R G0 =1 I 2% A7 A7-fifi v 1 1 2 IADRAM ey S 2 A7 45 B VL It
1023H 1T 52, It RS B e A7 A7t 25 11 255 DRAM S T 25 A7 45 BE L BS 1023E T 5 N . U R X
FEVELH LR I , DRAM R B 2% A7 B L 1% 102 1) 0] )87 - 82050 30 60, H5 152 U Hb ik 126 /1) 47 it 2 152 Y
TR 1240 AT A0 2 U AR L iR S Bt bk $5 & 4G R B BT B ARt 2t bk 7B — 28
i+, DRAM 73 % A7 5 B L% 102 R] Wi 3 -2l BAE i 28 5 T8 SR 1281 — B HAT 2t s
BNEAE, iR A28 5 N R A4 B ANEHE 1326 5 N EIH S5 A\ Hihk130.
[0031] Sy b A bl X 2 45 3R 1 161K A7 5 |6 0 A7 HUBRT E , DRAM ey 33K 2% A7 34 P B 1 0 242 it
DRAM S 3 22 1736 75 75 1o SR 2 A7 A7 i 9% 134 . DRAM =T 1R 22 A7 45 7 1 1o 1R 22 AT AT it 2% 1 34 FHDRAM
IR G A7 8 PR P 6 1028 A AAEDRAME I AT T8 7 177 R I G2 4747 138 (0) £138 (V) B #5136
(0) #1136 (C) <136 (0) 136 (C) N B IELZAF LN EATHUH E 5 R I118 (0) #1118 M) (K AT
fits T Horb (I DRAME SR 22 A7 45 /R 77120 (0) 311120 (X)) o 78— %675 [ o1, DRAM & IR 22 A7 45 78 15 15
T ZATATiE A5 13411 #4136 (0) 3136 (C) <1367 (0) #1367 (C) FR AR —& I K /NKF N E 4%
L6 EFERITL18 (0) B 118 (M) 1K /N o — 877 TH T HH 72 DRAM =y 3 25 A7 F6 7~ 177 i o 2%
A7 2R 13419 #%136 (0) 2136 (C) <136 (0) 1367 (O) H N —FH W K/ KT 1 #5K116
H R I118 (0) 2118 (VM) B RN o AR AEFR il 14 S 451, DRAM /= 3 G2 A7 46 7~ 147 e TR 2% A7
T 251341018136 (0) 3136 (C) <1367 (0) $]136° () "I B AZ T 5777140 (0) 51140 (C) -
140° (0) 140" () , HA—#136 (0) /136 (C) <136 (0) /136 (C) A In— (1) M. Kk, 7E
%136 (0) £]136 (C) 1367 (0) £]136° (C) 7E%&E—DRAME I ZAFFa /~ £ 120 (0) £]120 (X) VY (4)
AMLEVIE LT RANHOAANF AT 5 TH A, 7] 75 a1 28N R /M DAL T AR B /R 7140
(0) %140 (C) ~140° (0) %140’ (C) -
[0032]  DRAM w3 4% 17 & B FL B% 102/1) — L8 77 11 v] it — P (it 67 B0-1- 167 . 2 14 2 DA Lt A7
fits s 17 90 FE IR0 A7 28 AP BUS FH o 76 T M R GE A7 B3 DRAM 108 EX DRAM =) S % A7 A7 fifi 2% 104
EEN 2 15 SR AT ity 2 Mk () 45 T rp S G038 7 F B A2 VBRI S AT i s ik BT 190 B 24 5
B4R, 75— L85 T A, 67 T HE % 142 0] Wa A A DRAM =y 3 2% A7 A7 ik 25 104 J RGuAT ik
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ASDRAM 1081 S HX I ZE , - 1 15 35 B i LA AL e ~F 359 B S () 30 o DA G 7 20, 07038 P 1 v 2
1427 7£ RGAT 1 25 DRAM 1085 DRAMST IR 22 A7 A7-fifi 75 104 2 [R] 7 BL A7 i 2 A7 B AR AL R G
EURIIAE

[0033] 7 —4EJ5 I , DRAM S, S 25 /75 BEFEL B 102 ] £ 5L JitioN “SE & BN ik A7 1
RAALTERET NLHTFH , NRR SR EZAFAF e 1128 AR (1), 2800 Hil
18 3 DRAM =y T % A7 8 PH HAL I 1025 N 2] iy iy 95 A7 i 25 1061 DRAM /= I 22 A A7 Aifi 25 104 e R4t
{7 #5DRAM 10834 o K] It , DRAMET S S A7 A7t 25 104N R £ 4 S RGAF i 4 DRAM. 108 [
ARG AR R o O AE 56 4 5 N SE Tt 77 22 I DRAM R S 22 A7 A7 fifi 25 104 ) RS A7t o
DRAM 1085 # AR 2 4 1E A , T LA DRAM R 33 22 1745 BE L % 102010 F7 380 T~y L % 1427
[ b i 67 2 AT DRAM TR Z2 A7 A7 1% 2104 5 RS A7 SSDRAM 1082 [8] f) 171 2 5L BB
SR, DRAMYRT B 52 A7 & BEFEL B 10211 52 2 5 NSt 7 R 0] A S ER G AT A DRAM 1081 Ik
DO B8 5 I T 6 DRAM T S 28 A7 A7 it 2 1 041K B — 5 OB XS BT X R G AT it o
DRAM 108H] 5 N,

[0034]  DRAM =y 2 A7 & R L B 1 0211) — L& U5 THI n] & S it o “[P1 57 =y s A7 8 B R 40, L
HH DRAM 7 T8 2% A7 1 L % 1 02K DRAMST I G2 A7 FR /R A R s A A7 it 4 1 3465 T Hodh 1)
FF—#%136 (0) £]136 (C) + 1367 (0) 136’ (C) LA B/~ FF140 (0) #1140 (C) L 140” (0) 2
140° (C) . A F FE /R 17140 (0) 2140 (C) 140 (0) #140” (C) H KB —F FamA7Aif T X6 Wi T
DRAM ST IR G2 A7 T8 75 1°F 1 TR G A7 A7 i 2% 1 34 A 1 % 136 (0) 2136 (C) < 136° (0) #1367 (C) 1)
DRAM=T 8 2 A7 A7 i ax 1047 R 2 =2 5 A AR B (R, B 2 75 4 5 N 2IDRAM =y T 22 A7 A7 fii
BIOMEFER BN B RGATEZSDRAM 108) o 4 B R AR A 2 AR /T, A4 F i 77 ADRAM
R AT 25 10488 RS AT7fif A DRAM 108 T2H) , 41 FH DRAM =y 3 2% 47 85 B Ha 16 10211 £ 35
17 EL BR LA BT 78 & AR T, T SR L AR BB FR 7R 757140 (0) 31140 (C) <140° (0) $]140° (C) 875 Mk
T-DRAM S TR 22 A7-A7 fih 7 L 04 B B A AR S 1, B4 AN AN TTRE R, 72 HHT-DRAM
T R G ATAT N 8% 104 N LS BB 1) M — V5 [T 1, DRAM Ry 33 2% 4745 B, 4% 102 MADRAM S, i
ATAT A 1042 B 2L AR SE £ s

[0035]  DRAMpS; I 27 475 B H % 1021 1] 5 St 77 22 T 2> R Gi A7 i 25 DRAM 1081 171 2%
BN B I FE , (HDRAM Sy S 22 A7 35 H 185 10285 2% DA 204 A DRAM = 38 22 A7 A7 it o 10434 Hi 11
O A% 51 4 48 (B8] 5 3] R G047 2RDRAM 108 . 7E DRAM = 13 42 1785 T i BK 1 0214 5] 55 S 5 2 1)
—HETTIHI R, 24 DRAMR RS2 A7 T8 78 A a1 22 4747138 (0) 211138 (Y) MADRAM S I 2 AF 4578 145 1=
R AT AT 2513438 H N, DRAMS 33 22 47 25 FH HE % 1 028 i B LI OKF DRAM RS 3 S A7 A7 ik 2% 104
HH R o I8 T 4832 HH DRAM S, TR 28 A7 F 7R 75 e i 22 4747138 (0) F138 (V) (I s B AR s 4 iis &2
i 2 RGAFfH#SDRAM 108,

[0036]  DRAM ey 3 2% A7 & B i, 1% 1 021 — & 7y ThT ] AR 15 388 i DRAM = T8 2% A7 45 B P i 1 023
AT 119 6T SR 2 iy 7 J sk AT — SRR (9 4, VB S AR PR il P 52451, 5 T X 2R B A7-fif 48 DRAM
108 1% / B DRAM =y 3 2% A7 A7 4 L 04K A7k 25 A7 HU B BRAE) T 3k — 0 Cdb A7 i 4 5 58 o 15—
A ] TR RAERE R IR, Bal e TeRES R (R, 550 BT HER 6 10 45 RAFO) o
2R, AR HE DRAM 5y SR 2% A7 /5 PP BE 10211 — L2 07 TH , HH RSt = iR A7 A7 7 11218 H 11
R AT TR0 8 1T S5 N BIDRAME I A7 A7 it 45 104, AEAS I8 R4 = A7 A it 4
11238 H A — AN 45 b & BE HLIE 35 308 5 N 2 DRAM ST T 22 A7 A7 fifi 5 104 o ZE{LL 3 , DRAM
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1 TR 2R A7 HE I 1 0211 — L8 5 [T ] 8 0 B DA 35 T ME 2% 1 1 FE DRAM RS SR 2% A7 i 7 A+ 1 1B
GEATAT A 134 (), e ek Ky s ORCHR 1 =4 R 1118 (0) 2118 (M) M 3R 116 #13
DRAM S IR SR A7 TR 7N TF IR R ATAT 25 134) o Rk, B ERAR , A SO R O “BE R M R AR 11
B4R 45 € B AT REAT BUAT REANIIAT , FLgk— 20 A L 4 8 MRS BR AR 1) i A Bk
/DA 38 3o DRAM =) S 2% A7 55 P EL 8 1 0233 — D i R AR A A

[0037]  Apist B &) 1 F) DRAMS, 33 28 47 A7 fifh 8% 1 041K) — e 52 it 7 R K - Je M E 8 R 10118 (0)
FJ118 (M) L DRAME EZAFFE 7R 77120 (0) /120 (X) N2, FEALIEI2AF 2B K 2A 15 B 045 1584
(1) DRAM /51 3 2% 7 A7-fifs 2% 10414 S Jits 77 8, 11 P 2B 13 B B 46 = (3) i F¥I DRAM =i T 2% 1717 i 2%
L0AR) STt 77 58 o A9 FE AT L , FEFE IR I 2A S 2B 225 I 1L ok

[0038]  FEREI2A , Ui B H A 64451 K /NI 7R i P = 5 K 31200 GLarnk v F B 11 3
FERII118(0) F118 (M) ) —&) - T3 R T20046L 5 DRAM S, E L A7 48 5 77202 (0) F/202
(127) Cof 7 T~ 1 DRAM R B A7 8 7R 747 120 (0) #1120 (X)) , Hodg—3F K/ AP (4) Mz
I, FE IR TI200/E 5T 0T RS AEAEZEDRAM  108(K) 128 M EAif 2547114 (0) 31114 (X) [IDRAM S
HEATFRE 77202 (0) 2202 (127) o N T i 5 A7 DRAME I 22 A7 F8 7~ 77202 (0) 3202 (127)
DRAM =7 3 % A7 458 75 7 2 38 2% A7AT it % 1 345 L DRAM S T 2% A7 F6 7R 75 2y S 22 47477204 (0)
204 (511) ChF BT ] 1 I DRAMR SR 2R A7 F8 7R 13 i 224747 138 (0) /138 (V) ) - DRAMR I ZZ AT
TRR T R 24747204 (0) £]204 (511) Hr g —3 1)\ (8) % (9, 73 5 DRAME IR A7 16
TN R ZE AT 47204 (0) <204 (511) FI#%206 (0) £1206 (7) 208 (0) 208 (7)) ¥4 ik - #5206 (0)
£]206 (7) 208 (0) #1208 (7) H g — 75 0 B T B 1 #% 136 (0) 136 (C) + 1367 (0) £/136°
©) , HArfefig— () AN E 3R I, 5140 345 R 31200

[0039] IS HEKEI2B, fEm A 64N FIT M LR I1210. fEE 2B L, TR 12108,
P DRAME RS A7 FE /R 177212 (0) 2212 (255) , HoAq—F K/ RS (2) £i7 . B, 3R 11210
FEAEET X RGAF 1 25 DRAM 10811 256 17 fif #% AT I DRAM =y I 22 A7 Fe 7 77212 (0) F]212
(255) o 7E I SE A1 HH (1) DRAM RTS8 22 A7 75 7~ FF im0 8 S ATAF it a1 AL HHEDRAME S 2 A7 45 78 A 1=
HEEA717214 (0) #1214 (511) PA =g 2 A DRAME 22 A7 FE /n £F212 (0) #1212 (255) - DRAM
GATTR N R A7 47214 (0) 2214 (511) HRE—F )\ (8) #% (B4, 53731 DRAM =1 K 2%
TEFE R ER 2447214 (0) L 214 (511) 8% 216 (0) 31216 (7) .218 (0) 218 (7)) KK . #5216
(0) #1216 (7) \218 (0) 218 (7) FHIRF—F Al A7l — (D) A F R DL, 49 n L 11210,
[0040] &3 7915 BH FH T+ FH 1] 1) DRAM =y 1 % A7 45 715 1°F 1 1R 22 A7 A7 fifi 4% 1 34 S DRAM /=y 1 2%
APt 2 10ASR B AT S B/ 1 B 1A DRAM =y 3 2% A7 85 B HE B 102K /s YE M BRI I AR
N AL, 7R IA 3 225 B LI o iF o AR 3, 454 DADRAM sy 2% A7 5 2L F i 1 02821k
BLFE RO BE1 26 1 A7 i 2R R BOE SR 124 (B0, T R s R A A iE#R 112 L R Ay )
TFiE (Hr300) o BRI , DRAM R 33 22 745 B A, 2% 102 1] 76 A4S ST bR A P T e A4 s B bk )
TEAE AR LB SR 1 25 B . DRAME 19 22 17 % P HiL % 1 02 72 L B b bk 1 2642 75 #£ DRAM =y 33K 4%
175 5 B 1 021K DRAM T S 28 A7 F 78 T 1 IR 2R A7 A7Aidi 2% 1 34 R B (Be302)  DRAM R 3 2%
F7E BRI L2 G P AE A SCHR RR O “ T 1 0 132 b k2 75 7E DRAM /=7 oK 9% A7 &7 BE L B 11
DRAMET R % A7 8 7R I4F R IR AT AT 2 H B R I 25 B

[0041] #1577 il 2 L IR SR 1241152 B b 1k 1 26 76 DRAMS T 22 47 45 7 755 1o 10 22 A7 AT ik 2%
134 Rk 2 T, FI 2 DRAM s 3K 2% A7 5 T FHL 1% 1 02352 BUAE B2 S A7 1 SSDRAM 108+ () 33z B b il
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12640 (1) £ s (H304) o Btttk 1t , DRAM =y S 2% A7 #E L B 1 02 0] FEAR SCHR AR O “FH T 1 |92 T
By 72 T B Bk 7 DRAM 5 38 22 17 F6 7R T5F 1 3 SR A7 A7 it 2 P AR Bl R IR B2 HUAE R G AT it o
DRAMH (14 152 b 1k Ak B 5408 1 28 L 5 6] 13z Bk 1 26 4k 1) 548 38 AT 15 UG 47 HhL, DRAM R
TR AT B R % 1021 — & 5 T A ME 28 M %D T DRAM Ry S G AT 4B 7 157 12y IR SR A7 AT fifi 2 134
(H306) o 83T #b 78 DRAM S T A7 TR /R AT 3 TR AT A7 4 134 , J5 B2t A (L n] 78 23 ] _E 4RI
TR HE) F 51 EDRAM RS SR % A7 7 A¥F 1= IR G A7 AT-fi o 1 34w HH (R ALL AR B mT 43 LA A
[0042] R ARRR il P S 5], £ — L7 T H , Ak 28 P b 78 DRAM =y 3R 22 A7 48 7 157 1 1 42 A7
TEA 3% 134 A] 425K s BUEHE 1 45 2351118 (0) 2118 (M) M 422 116 1| 3 DRAME i
GAT TR N R R R ATAT 28 134 — L2 J5 TH T R 5E , FH T b 78 DRAM ST SR G A7 FE /R 145 2 S A7
171 2% 134 BR306 /) ERAE AT & N R GE A7 Ak 25DRAM 108 HF 1Y 3= 9 22 11615 s B b 1k 126
R R I1118 (0) #1118 (W) - EFEK I8 (0) 2118 (M) $235 225 T DRAMSE L A7 T8 A 7T
B IRZAFAEAE R 134 R R 1118 (0) BI118 (M) 11222548 75 #% 136 (0) #1136 (C) <136’
(0) #]136° (C) ) — & MDRAM S IR AT 4B/ T e IR AT AT 2 1 3438, IS A 2238 H #5136
(0) /136 (C) <1367 (0) 1367 (C) KT N2 I HA 1] e A7 LERAL A 2 A8 B 48 7R 75140 (0) 2
140 (C) <1407 (0) £1140° (C)) &5 N2 RS A7 #5DRAM 10871 1) T4 % 116 . FEDRAM =y %
8 PR B 10248 i B DAAE R S U R B R D7 T, H A H % 136 (0) 21136 (C) L 136
(0) £/136” (C) a7~ AT AT . A% BE DRAM 1 3 2% 4747 0 ADRAM T S G A7 AT 95 1 04 2 I 21 R
TEA%2EDRAM 108,
[0043]  4n SEDRAM S S 2% A7 FH HE % 1 027F £ a2 L 30240 i i 52 HX ik 1 26 7 DRAM =y T4 22 A7
BRI e R AR AT PR 134 3 A I, 84 DRAM iy T 22 A7 5 T R 10242 T Sk 3 T-DRAM /7 3
AT AR NI o R AT AT 25 1 4R 8 S E it bk 1 2642 75 1E i 7 06 476t s 106 1) 543 FX) DRAM
T AT AT 2R 10470 1 B (BR308) o [R 1 , DRAM Ry 33 22 47 55 P L R 102 7] 7E A SR kA
“FH ) N2 7 2 B bk 7E DRAM = SR G2 A7 48 718 1°F 15 S G A7AT- i 7 HH 438 i 3 177 225 T~ DRAM 7=
R AT HR TN T 2 TR B A7 AT % 1 5 1 E b k% 05 8 D v 7 58 A o ) 358 4 F DRAM e 3 2%
(AT s P R B 2 B A — S8 5 T, B S Bk 12652 75 75 DRAM =1 8 2% /717 fifi 2
104745 5 I 0] 6,75 7 52 DRAM ST G2 A7 F8 7 157 s i G A7 A7 2 1 34 HH 1) FH T 1S B Mt k1 26 1)
PG E R T AR R W, B At EU 1262 7EDRAME SR 22 A7 A7 B 22 104 . 35 1, o 51
DRAME R G2 A7 T8 78 AT 1 TR AT AT A 2y 1 347 (1 F T e B ik 126 6 4 5 R (0) , TR A3
Hy bk 1264 7E DRAM S 3 S A7 A7 i 28 104 o
[0044] 4 SRSz EUM i 1 26 FEDRAM R I 52 47 A7 fith 2 104 H AR A A I, I8 4 DRAM =y i3k 2 A7 B
HL % L0212 HUAE R G047 i #DRAM 108+ [ 13z H ik 1 26 40 ) 54 (B310) - DRAM YRy B G2 A7
H H 5102 DR 1 AT 8 A SC AR BR A P 0 87 T R 2 B i 7E DRAM S, S8 S 4747 il B+ A
R BT S BUAE R GEAT i A DRAM A () 5 B b il Ak 0 B o 28 S & AR T, U SR DRAM Sy T8 24755
HH H % 1027F 1R 72 B 308 Ab Ay 7 12 B b ik 1 26 7 DRAM 5y T 22 A7 A7k 2% 1 04 7 4k B, 84 DRAM
T TR AT A R 1024 — 8 5 T P A S DRAM S R 22 17 A7 i 2% 104 7 () 1 5%F 15z B Hb ik 1 26 1)
b 2 i (B A, DRAME S 22 1745 B HE, % 1 022 5 4 i B DU TE 58 4 5 N AR X
E) (BL312) o U 5 DRAM R 33 25 A7 47 i 2% 104 70 (1) B4l A3 7 Je / BRDRAM i 3 2 A7 45 P Fe 4%
102FFAEAE 58 4 B AR A A, T84 G017 SR E i 7] A A DRAM R SR 2% 1717k o 1044 22 42
iz B o D]t , DRAM =y i3 % 47 7 24 P % 102 AADRAM ey 33K 9% A7 A7 fith s 10412 FL A 50 1 B k126
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ORI (BL314) ot Rt , DRAME: T 22475 B L 146 102 ] E AR ST R Oy “ -1 o2 - 1 5 52
H b 11k 25 DRAM 5 358 22 17 171t 28 v 2 % 301117 A DR AM 75 128 22 17771 8 332 B o 35 B b i )
P E
[0045]  4n SEDRAM =y 3K 2% A7 FH HHL % 1 027F £ 78 H 31240 Ty & DRAM = 3 G2 A7 A7-fifi i 1 04 HH 1)
B TV 16 S/ B DRAM R, 3 22 A7 485 P A PR 1 027E 58 4 B AN P B4R, IR A B3 SR & yE ]
MR GEAT i 7 DRAM 108 B DRAM /=1 3 25 A7 A7 fifh % 1 04 8% 22 A iz B o PRt A/ S = PR ) 2 52
151] , DRAM =7 5 22 1765 T EH, 4% 10201) 97 381 17 B, 4% 14238 1 6 288 P48 ofe D) (497 4am s 5 KB 22E) MK
DRAME R ZE A7 A7 22104 )2 AR GEAEAiE 2SDRAM 10824 73R Bk BRI (He316) o an F A7 37
T F B% 1427 € RGATEZSDRAM 108 9 Lk B e i, A4 15z B btk 1 26 4 (1) 204 7] N RS AT
fifi #5DRAM 108152 (He318) o FALLH , 4n 5 47 21167 L % 14 275 & DRAM =y 18 5% 47 A7 % 104K
MG BRI, TS 2t X 1z B bk 1 26 74 04 v AADRAM Sy T 22 A7 A7 it 2 104152 Y (3320) .
[0046] 1 it B &1 1 Y DRAM =y o 2% A7 /5 P L B 10211 F 78 58 42 5 AN B 7E [R] 5 A8
XA PAT I B, REMBH0) B\ RS0 S R B AL L1218 H 5 R B N BN
INVE TSR, SR UL EIAARIAC . i T W, , 7E R IR I AA BI4CHT 225 B LI o i - B 4A R B #RAF
A DRAMGS 1 22 1755 FH L B 1 0243 IS A0 35 5 N hik 130 K 5 N B4 13210 17k 28 5 N ig 3k 128
(He400) FF6 ARSI, 5 NBAR 1323878 I R G sl G A7 A7 i o 11238 HH (1) 3V (R, R
a0 B, BRI EAR SR RRA “THIE B H 8 1327,
[0047]  DRAMS) I 2% A7 & BE H % 1 027 22 I v 12t 1 00 13200 5 N ik 1302 75 7EDRAM =
REAT RN R R R ATAT i 28 1 34 B R I (B402) - an SR 5 N bk 130447 7 T DRAM =y
AT FR N TT B IR ATAT it 25 134, IS4 DRAM =) 3K S A7 55 HH HH, 4% 1 02 M 5 14 b % 78 DRAM =
AT TR R M IR R AFAF 2 134 (40, i@ ks 3R 11118 (0) #1118 (W) M EFEEK 116K
FIDRAM B A7 T8 17 e IR SR AF ATt 25 134) (HL404) o 40 SEDRAME R AT T8 7R 147 11 I G AT
171t 2% 1 3A7E HA04 40 A F LM 78 (B, b 78 26 M R M i s AN R 2E) 5 D4 A B 52 il (B
406) o 75 1| , DRAM /=y 3 2% A7 BE HL 15 1 02 7E B 408 4b R &2 A
[0048] G SR DRAM ST % A7 FH HA 146 1 027E 1L 5 HL402 Kb iy i 1 VR I8 HH [ A0 13211 5\
HE 13047 1E T DRAM = 3 25 A7 F8 7R I°F o S 2 A7 A7 it 25 134 7 (5 U SR He404 40 %h 78 DRAM = 3
AT R TR AT AT 2R 134) 5 TR A DRAME 3 25 A7 65 B AL 4% 1024 I SR 58 T 15 8 HH 1
13211 5 A Hikik 13047 7E T DRAME I A7 A7 fifi 4 104 (HL408) o iR 5 A ik 13047 7
T DRAM =1 T 22 A7 A7 fl 25 1049, HBA AL HE 58 Bl (HR406) o SRTHT , Wi SRy v 2 3 s 13210 5
A HHE130ANAEAE T DRAME S 28 A7 A7 i 25 104 , AR A AL FEAE 4B B 10400 K .
[0049] BB EKI4B, DRAMPE, I 22 175 FHHE 46 102482 T SRMG 5 N Huhk 130 i a5 32 H 1) s
1 32HE 2 1 1 5 N BIIDRAM T 1 22 A7 A7 #5104 (Hr410) 267w, FHTK 5 AHhE130
T iR 128 H I B 1325 N BIDRAM =) T 22 A7 A7-fifi s 1 04 TR BRA L0 # A v] B0 5 1 SE B ML bz
P45 MDRAM B S 2 A7 A7 fiti 2 1 043% HH 1A #5122 (0) 311122 (7) (BR412) - DRAMPS, 18 25 1745 BE L I
102 M\ DRAM P 1 22 1717t 98 10452 B AT 2 6 2% 122 (0) 31122 (7) A7t #s bk (Hed14) .DRAM
IR AT T B 10288 % 5 N HhE 130 J2 3 v 128 HE I 28 1 325 N B DRAM = 38 S A7 A7 it
P04 [ BT B 122 (0) 1122 (Z) (Hr416) - DRAM R S 2% 1787 BE L B 102K DRAM =y 3 2% A7
BN T T A A A 1347 R 1 BT 5 N HE 1300 B8 4 5 5 87 N i 6 % 122 (0) $1]122
(Z) K1k s (Hra18) oAb PR EE 7E 40 HL420 kb 4k 48
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[0050] %% 2K 4C, T4 5 Nk 130 J2i v id Hi 1 B4 1 320 22 14 1 5 N 31 DRAM =7k %
FAAFAR A5 1041 B4 101 & 45 4 A0 & DRAM S K 42 47 8 1 F B 1 027 58 i ide % 2% 122 (0) )
122 (Z) B A7 it i M ik 2 75 47 76 T DRAM S IR 92 A7 45 /R 7 e 92 A7 A7 i 45 134 +p (He420) a2k
AFEAE, A2 AL FRALE B ACH) L A24 40K 55 o 1 SEDRAM TS 2% A7 5 B HHL B 1027 L 58 420 40
JE I i #5122 (0) 2122 (Z) WIAFGifi 25 ik A7 76 T DRAM S TR 22 A7 45 7 155 1 IR G A7 AF-fifi 25 1 34
Hh, FI 2 DRAM S 22 A7 B H 8 1028 (57 DRAM =y T G2 A7 5 7R 745 1o TR G A7 ATk 8% 1 34 7 RO T 06f
AR E I BT 6 5% 122 (0) 3)122 (Z) B dm 5 (Hr422) .

[0051]  4in REDRAMYS; 8 22 A7 L HA, 6 1 027E ¢ 5 He4 20 AL 7 BT ik #8122 (0) 31122 (2) 1)
TEAif 2 H bk A AFAE T DRAM S S A7 T8 /s 157 i IR SR A7 ATt a1 34+, A8 A DRAM =y 3 52 A7 3
HL % 10240 78 DRAM R S G2 A7 T/ 75 s 2 A7 A7 A 28 134 (Bed24) AE— 2807, Fl TAh
DRAM =1 3 Z% A7 78 1°F 12 SR 2% A7 A7 2 1 34 HA 24T A E AL 5 N R GE A7 #RDRAM 108+ 11
TR L6 IO BT 17 28 Hh bk BT B 122 (0) 122 (7) 1 B3R I118 (0) #1118 ()
(He426) - DRAM ) I G A7 557 B HAL I 1 024 — 2L 5 T ml 2 T R 26 T 48R 101118 (0) #1118 ()
W B Xt A7 it 2 Huhik () BT 5 9% 122 (0) F1122 (7) B B 45 5 N 2 DRAM S T8 25 A7 48 7~ ¥F i il
LRATATAH #5134 (Hed28) o 7E — L8 J5 1 b, DRAMR 8 28 17 5L FhL I8 1 024 (57 X I 117 i 8 i -
T RE 122 (0) #1122 (7) KO w S (He430) - DRAM A SR S 174 P HEL IR 1 0285 B ¥ iR O =5 5
N B RGEAE it BEDRAM 108 (1) E 532116 (M AN F5 44 45 R 0118 (0) F118 (M) 2% T-DRAM
R AT RN mH AT AT A 134 1) (He432) .

[0052]  [EI5AR5CEHRAE L B F T 78 58 42 5 AN h AT i O A8 B8 400 M R G0 iy il 4%
FEAFAE S 11238 512 10 5 N A5/ 1 1 1A DRAM i R 2 4745 T R BR 1020 /s YU ME 4R . i
FEFC L, TERG IR I 5ARI5CH 22 I 1) Jo i - 7E EIBAHR , 454 LA DRAM YR 18 2% 47 5 FIL L % 10242
B0 55 5 N Mk 130 S0 5 NEUR 13210 A7 #5515 3K 128 (BL500) TH46 o EIBA ] SE 4 i) 5
N5 132R 78 M RS R AT s 11232 H i 245 (B, 248050 Bl , HLIR B AEAR S
HbR N “C AR BRI B 1327 .

[0053]  DRAMS; i 25 A7/ F EL 1% 10271 8 T A% B8t i 40 13200 5 A\ ik 1302 75 7EDRAM
R AR N AT i LR A AT 2 1 34 4 R B (Be502) o in SR B AN Hi k130 AN 7 7E T-DRAM &
T EAF RN T T TR B AFATAE 2% 1345, T8 A DRAM = 33 22 A7 85 TR H, 1% 1 0248 R 14 3t % b 78 DRAM S
G AR TN B G AR 25 134 (TE AR PR i S 451, a0 B = 4 R 150118 (0) 3118 (M) M
F AR 1165 il BIDRAM = 1 22 A7 45 75 °F i3y I A7 A7t 4% 134) (Be504) o 4n EDRAM Sk 42 4745
TNPE T IR AT AT 45 1 347E 50440 T LAAP 78 (B, b 78 SR 2R It B 58 9 R AR, IR A Ak 3
TEHL50640 1% 52 o 75 W], DRAMYR] 3 2% A7 HHL L B 1027 R AT A #8DRAM 108H (1) T #K 116+
BEHT N T 5 N L1 30 A DRAME SR S A7 7 47120 (0) 1120 (X) (B4, 3 3 %) £ % DRAM Sy
TELEAEAR R 77120 (0) 2120 (X) f B4R 118 (0) F118 (M) AT EH 1B 2-5 N RMW)
E) (H508)  DRAM =y 22 7/ FH H B 1 0243 35 % A% B3 HH 1) 280408 1 325 A\ B DRAM =y 3l 22 17
FEf# #5104 (B510)  NFRAR , 7£— L8 T7 T, T 53 DRAM S 22 A7 7~ 77120 (0) 21120 (X)
I H 508 A f2 F T4 £ 38 538 10 300 1325 N S DRAM S 33 22 477 it 2% 10411 He 51011
BRI R IEATIAT

[0054] 1 SEDRAMmy ik 2% A7 HA % 102 7E 1 1€ Heb0240 1 i 1 A8 B AR tH I B #1321 5
i1l 130 7E DRAM S8 G2 A7 48 7R 4 s G A7 AT fih 4 1 34T BRI (B AN SR AE 504 4b b 78 DRAM
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B R AR R IR AR 25 134) 5 T 4 DRAM Ry 3 2% 47 4 B H, R 102488 SR8 CL AR B
& H R 1321 5 N H Ik 13042 15 FEDRAM = I 22 A7 A7-fifi 5 L 04 4 R B (BR506) « iR 5 A\
i1k 130 A FEDRAM 5y 18 5% 47 A7 25 1041 B A I, IR 2 b BRAE JE 5B He 51 240 1k 2 - SR T, 4l
FEDRAM =y 3 22 A7 L HE 1% 1 027F P 58 B 506 40 s 72 5 N M ik 1307 DRAM = i 2% A7 A7-fifi 7 104
Wt R B 5 IS DRAM = 33 % A7 FHL P IS 1 024 248 o % HE ) 50408 1 325 N B DRAM T 3 £ A7 A7
it 2% 104 (540, 38 5L XS DRAM T T 2 AF At 28 104 AT JE -2 -5 N) (He514) . DRAME 22 1%
B B 102885 5 O AR BRI i 1325 N3l RS A7 #3DRAM 108 (BR516) .

[0055] %% 31| || 5B, DRAME; i 4% 47 4 B L BR 10248 SRk 5 N ik 130 K O 38 55 3% H (1) B 4t
132 24 Hh 5 N BIDRAM T S AT A7t 7 104 (BR512) . — 277 T m] B E T 5 A ik 130
Jo O 5 (1) E 8 1325 N 21 DRAM R 2% 477 it 2 104 Heb 1 201 54 P A0 25 1 S B L
6 4% M DRAM & 15 22 47 471 2% 10438 H (1) 18 122 (0) $1)122 (2) (Hr518) o i i DRAME i 22 478
TH A % 102 DADRAM =1 3 G2 4747 i 2% 104 L HX B aze % 2% 122 (0) 2122 (Z) (A7 28 Hh ik (B
520) - DRAM/Ry S S A7 B L B 102825 K 5 N Hbhik 130 2 AR 58 31X HH 1) B4 1325 A\ FIDRAM
B R AR 2 104 (R BT Ik $R R 122 (0) 31122 (Z) (He522) . DRAME; 3 2% 47 % B 5 10244
DRAM ST A7 R 7~ 147 1 IR G A7 ATt o 1 34 R 1 FH T 5 N Hb ik 130 % 9 5 52 3 9 Pl 16 5% 12
122 (0) 122 (Z) M & gn5 (HL524)  AbH 5 1E K 5CHI He526 /b 4k 45 .

[0056] LS HKISC, HT K5 Ntk 130 5 £ A8 58 3% H (1) 208 1 328 2 14 b 5 N FIDRAME,
THEEATAT G 2R 104 HL5 1 21 I B 45 1 404 DRAM ) 3 22 1745 T H 1 1 020 72 AT 35 8% 122 (0)
F1122 (Z) (A7t % Huhik 2 7547 75 T DRAM S 2% 47 76 7 7 1 SR 2 A7 A7 it 95 134 (He526) .
RALEAE, IR 2 AL FAE E 5CHH528 b R 5 o i SEDRAM =1 T4 22 A7 BE FEL 6 1 027E 1L 58 H5264k
By 2 BT R 5 122 (0) 311122 (7) 147 it 88 Huhik A7 75 T DRAM R SR 28 A7 36 78 155 1o T 2 A7 A7 ks oy
1347, A8 A DRAM S, 1 22 4745 B FEL % 10282 A2 DRAMS) I 22 17 F8 7R 75 1o T G A7 A7 il 22 1347 11
B A7 e bk ) BT K 122 (0) 1122 (72) IR 95 (H530) «

[0057]  4n SR DRAM =) 1 22 17 B4 L % 1 027F R 78 HL526 /b f 7 Plr ik #8146 122 (0) 2122 (7) 1Y
TEAi 2 H bk A AFAE T DRAMSE S A7 T8 /s 157 i IR G A7 AT s 1 34+, I8 A DRAM =y 3t 52 A7 3
H, 2% 102 %) FE DRAM S B S A7 48 7R 1 5 IR ZRATAT it 95 134 (B528) AE— L5, H T4k 78
DRAM R S 2% A7 36 78 TF 1o T A7 AT-ffh 2% 1 34 BB 28 B AL 3 M R G A7 it #5DRAM 108 H (1
FERTGTEHU N T 17-fif 23 Hu bk (0 BT i 6 4% 122 (0) 0122 (7) B EFERINL18 (0) 2118 (M)
(H532) - DRAMST T 22 A7 B L I 1024 — 28 77 T R Al 452 TR T 4R 11118 (0) 2118 (W)
WAt X A7-fit 2 HUhE Y BT B2 8% 122 (0) 211122 (Z) 1) % 2 5 5 N\ BIDRAM S 8 2% 4735 78 7 e 3
EAFATAE 22134 (Be534) o 7F—L8 7 T, DRAME SR 22 1755 BR EHL B 10245 o7 o B T 1 i 2 i
[ R e 122 (0) 31122 (7) FI B 9w 5 (B536) - DRAME I8 25 A7 4 P B 1 028 5 K I O 5 5
AF| RS A7 f #sDRAM 1087 (1) 45K 116 (i A 7 K L3R T1118 (0) 2118 (M) %23 T-DRAM
B R ZAT RN B R ATAT R 1347) (B538) .

[0058] iy 1 Ui BH A T 7E ] 5 B A AT B 238 58 £ N R G0 = s A7 AT A L1210 15 HY
S LA 5 N AE B B LA DRAM S 8 2% 47485 B L B 1 020 /s VU PR 34 , R AL K 6ABI6D . Mid 28
S L, 7E 5 128 B 6 AR 6 DI 2 2 ] 1 1) Je A4 B 6 A FR 1) 5 /E LA DRAM S T 2% A7 5 B PR % 1 0282 i
FLHE S AN HLHE130 125 N 13200 17 fifi 2% 5 N VB R 128 (H600) FF 45 Wi [F] B 5A— %, I 6A
[ SEH 1) BN B 1328 8 N R G = R R AT AP AR 1128 I O 5 (B, 248250 $ids
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HIH A SR RN “C AR % B 1327 .
[0059]  DRAMS; I 27 475 34 F % 1 027 5 A% B HE O 30 ds 13211 5 N ik 13072 75 7EDRAM
ERGAT R N AT = IR ATATAG 78 134 9 I (B602) o 4 S5 A\ ik 1 30447 7E T-DRAM S
AT e TR TR SR AT AT 32134, FIE 4 DRAM ) T 22 47 45 35 H, 1% 1 02K 26 2 b kI 78 DRAM
TR AT FR R T R R AT AT i o 134 (il an , il i ¥ 3R 1118 (0) #J118 (M) MFEIEK 116K
1] B DRAMTEG ¥ 28 776 75 75 1o 1R 2B A A7k 25 134) (HRr604) o 0 FEDRAM ¥ 28 4736 7~ 777 1o 1 22
AP35 1347E B0 0440 T LLRN 78 (B, *h 7 28 MR 1 s A e Sk AE) 5 T84 b B AE H6 06 4 1k
o 75 W), DRAM /= 3 % A7 /8 B P 6 1027F R GE A7 1ifi 25 DRAM 108+ 1Y F= 42 3 1 16+ B 3 06F BT
B NHET30/¥ DRAM S TR 22 A7 4878 77120 (0) F1120 (X) (414, 383k X6 4 %S DRAM sy S 22 A7 F 7
7120 (0) 2120 X) B9 EFERKTI118 (0) 2118 M) $AT EEEL-1EX-"5 X\ (RMW) #1F) (B608) .
DRAM =7 3 2% 7 57 B L B 1 0282 36 4 0 A8 B HE 9 408 1325 N B DRAM =y B G A7 A7 i a4 104
(H610) N EEfF , 7 —LET7 T, T S HTDRAM S TR 22 A7 FE 7~ £°7 120 (0) 21120 (X) FIER608[1)
R AE S F T 048 5038 H R B0 1325\ B DRAM S R 25 7171 25 10411 He6 LOF B4 1 4T
AT
[0060]  DRAME 3 2% A7 HEL L B 1 021 — L6 7 TH vl B2 TR M ok B B R 116 EN X 5N
Hiu 1k 130 A DRAME S Z2 A7 45 75 77120 (0) 120 (X) & B 16785 A Hi k1302 7EDRAM S IR 28 17
TEff R 104 (BR612) i A, IS A A 58 Bl (F614) o SR , 4 SR DRAM =y i3 22 47 2 L i
1027E ¥ B H6 1240 72 oK H E 38R 11614H X 5 A\ Huhk 130/ DRAM = s 2% 47 F6 7R £+7 120 (0)
#0120 (X) F57~ 5 A\ Hidik 1302 7EDRAM iy 3 52 A7 A7 fith o 104+, I8« DRAM =y 3 2% 7 & P F %
1024 O AR B 3% H (1) £ 1325 N BIDRAMR SR 2R A7 A7 i 45 104 (BR616) .
[0061] ik [ 2275 {5 H602, 4N FEDRAM =y 1 42 47 5 4 F I 1 027 5 A% B3 HH 1 4 132
(1) 5 N\ ik 130 75 DRAM 7 18 5% A7 $5 75 A4 1 R G A7 A7 a5 1 34 rP i i L (Bl SR AE He604 40 %1
FEDRAM T I 25 A7 76 78 7 e i A7 A7 it e 134) , A8 A DRAM Sy T 2% A7 85 BR L B 10245 R 52
O A8 B 3 HY R A8 13211 5 N kil 1302 75 7E DRAM 1 1 22 1717 1% 9% 104 7 4 & B0 (H606) -
5 Mk 130 A 7EDRAM R R 22 A7 A7 fiti s 1 04 R B, T8 4 Ab HE7E I 6B L6184 R & - 44
T > 20 S DRAM S, T3 22 1765 P L % 1 02 7E 1R 52 BL6 06 4 7 5 5 N\ M ik 13078 DRAM RS 33 28 A7 17 ik
#5104 Bl A3, T8 DRAM 7 T8 25 A7 F1 P 1% 1 0224 O A8 B 328 HY P 20090 1325 N B DRAM iy T
GEATAT AR 104 (14, 38 3 XS DRAM = IR 22 A7 A7 2 LOAPAT IE 1B - B NHAE) (H616) .
[0062] I 1M 2 75 K168, DRAM a1 8 2% A7 B A 6 1024 ok 5 Nk 130 &% 2L AR BE &
(£ 15 1 328 2 M Hh 5 N\ BIDRAM =1 T 2 A7 A7t 25 104 (BR618) ARYE— L 51, F TS A M
HE130 % O AR BE 3% H 1) 204 1325 N B DRAM 73 G2 A7 A7 i 45 104 B 6 1811 454 v 60 5 1 o
I8 B Hb 126 345 AADRAM 1 T8 G A7 A7k 7 10455 H 1) #4122 (0) £11122 (7) (H2620) . i i DRAM /R &
S A7 55 T L 102 N DRAM /= 3K 22 A7 A7 il 2% 1 04152 B BTtk #2122 (0) 21122 (7) HIA7 i 2% st bk
(HL622) . DRAM{R S 2% 47 & B FL B8 1 024836 4 5 AN ik 130 A 278 B H 1 B8 1325 A %)
DRAM =5 38 25 47 A7-fits 25 104+ ) BT 5625 122 (0) 21]122 (Z) (B624) - DRAM 38 2% 47 &5 FE L [
1024 DRAMES SR 28 A7 45 7 747 2 R 2B AT AT 2 1340 (1) FH T 5 Nl 13004 8 4 5 58 397 9 P e
%122 (0) 31122 (2) B2 (He626)  DRAM S5 2 174 P AL 1 1021 ¢ 5 DRAM ey 8 42 47415
INF T TR AT AT 25 134 R R % 5 Nk 13004 B 38 5 4875 77 140 (0) $]140 (C) 140 (0)
£]140” (C) (3628)  AbPE4ZH5 7EEI6CHIHL6304b 4k &5
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[0063]  FEE6CH , FH T4 5 A Hihik 130 A A% 553 H X 20 1 32ME 25 14 5 N 21 DRAM =7 1
GATAF 3 104 HL6 1811 HL & 45 0 5 DRAM R o 22 A7 5 BE P B 1 027 o8 T 16 B2 % 122 (0) 2]
122 (7) W76t 25 Bk 2 75 4775 T DRAMR S 2 A7 FR /N A 1 IR R AT AT i 2 1 34+ (BL630) « i
5, W5 A b FEAE 6D ) He6 3240 Wk 5 o 1n FEDRAM RS 33 22 A7 B A K 1 0278 1 5 L6 304b i 5
P 5% 122 (0) 21122 (Z2) W A7 25 HohE A7 75 T DRAMET S 22 A7 48 7~ 17 i IR G2 A7 A7 i 2 1 34
T8 A DRAM Ry 33 22 £7-45 B L 1% 10252 (57 DRAMS S G2 A7 48 78 157 1o S0 G A7 ATk 2% 1347 %)
L7 2 Hhk 1 pr ik £ 122 (0) 211122 (7) M % s 5 L A2 HHB7R 75140 (0) 2140 (C) 140’
(0) #/140” (C) (H634) .

[0064] B EIK6D, 41 FDRAM S, 1 2% A7 HH HA 4% 1027F B 6CH e i BR6 3040 i 5 FiT 16 16 1%
122 (0) 1122 (7) K A7 3% 1o bk AS A7 T DRAM S I G2 A7 HE R A o R AT AT i 2 134, B4
DRAM =y 3 22 A7 & P H, % 1024 h 78 DRAM =y S 42 A7 45 75 ¥F 151 1 G2 A7 A7 7 134 (BR632) o FE— L&
J7TH T, F T #D FE DRAMR SR 22 A7 48 7R A 1 S SR AT AT it 85 1 34T BR6 3201 A E B &5 I RGE A7
ASDRAM  108H [ = #4 R 11612 UG B T A7 it s sk 1) B ide 6 8% 122 (0) 122 (7) ) F2 45 R I
118 (0) 2118 (M) (H634)  DRAM R L2 A7 PR L B 10278 — L&y T Hh m 22 1 SR T 43R T
118 (0) 2118 (M) 5t X A7 fifg 25 Hu bk 19 Frik £6 2% 122 (0) 21122 (Z) 1% 25 5 N\ EDRAM =y i
ATAR RN B R B AT AT 5 134 (BL636) o 7E— L8 J7 T A , DRAMET 3 2% 47 5 HHL /L B 10282 A %6}
I T A7 it b i B e B 122 (0) 2122 (7) B g5 (B638) o DRAM ST 15 2% A7 3 L 1 102
B WG 5 5 N2 RAEAFEZSDRAM 1087 ) 453K 116 (AT K118 (0) #1118
(M) 223 T DRAMR B R AT 4B 7N 17 R IR SR AT A7t v 1 34H) (H640) o iR AEHR618H 5 A Hihk
130 5 A% B % HA 1 2540 1329 AR ME 2R M b 5 N B DRAM Sy IR 2% A7 A7-fifi #5104 , B4 DRAM =y 3
CEAF A T 1026 O AR B 2 BB 1325 N Bl RS A #5DRAM 108 (BL642) .

[0065]  HR 4k A SCHT 28 FF 1 5 T4 FHDRAM S 38 22 A7 45 /8 5 1 TR 2B A7 AT il as AR Ik ol 7
DRAM 57 8 S A7 B A 7EAT — 3 T A0 BR AR I 25 B R SR (el T — A T B 2RI S B b
S (EANER ) LT & R SR B G TS B Gl G2 B e B s oo A B
HE BT R Bl U e g U TR VR RE T L AR B PR FAL TR E
Bl G R EHL A ABCTBHEE (PDA) AL 2% TSNS A L R3S ok . P AT
LR IR R TBAS BT SR AR A A A T SRR S S B A AT TR AU TS B
TR EHL (DVD) FR TS (58455 2B AR TR IR 2

[0066] itk ihd , 11 733 BH W] >R A I 1 P 156 BH ) DRAM fy T 2% A7 5 B L 2% (DCMC) 1027 %
TREFR B RGLTO0R) S o 3 T AL FE R R T00E & — s 2 AN YL b # # 55 (CPU) 702,
FF—rp R FR BT 70200 F — B 2 AN A FE 28704, —BRZ ANCPU 7020] A& 3 —Ei 24
Ab PR AR 704 LA FH - R A7 ORT I A7 00 B R 1) R S R AT A 28 706, — B2 ANCPU TO2F0 &
B RS LR T08 HonD KA & T3 TALBR BRI R G700 i 9525 B 5 M w2 B A AL A . o
B s, — B 2 ANCPU 7021814 2 R4 A 28708758 He bt il 12 1) Je e £ B Mg 5 b e oy
BEBIEG S BIRUL, —BLZANCPU T027] K 1528 57 Bl SR AL IR BME M & 25 B 1 sl ) A7
it g 248710,

[0067] e F 4% E K R HE B v EE B RGULET08 A s, anfE 7 Br i, itk
RKEVUEFAHERRATL2.—HEZ N MARETA. 2N RHEETIE, — B2 A%
FENRETI8 LN R s S Hl 8720 M AN R E 1147 B SRR AN B,
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(EANR T) S N8 o0 B A B AR 55 i H AR B 716 n A B AR R B i 3 L, B
(EASBR ) 540 A0 e M i s B 25 o O 285 % 11 25 B 718 R 4 e B LA AUV 31 J2 M RA
28T 221 B AL W AT A 25 B o PN 48 722 1] AT A R AL X 2%, B B ((EANER T) A 2R BT 46
X 28 L FA G A B 2% Je 380 (LAN) L TE 2k Jm 38 /N (WLAN) )38 /% (WAN) \BLUETOOTH™ M 2% %
DRIARE I o POX) 265 22 11 26 B 71 8 1 28 I B LA S RFAT AR SR 70 1) P L3813 Bl - A7 R AL 7 120
Tl EZ MR 724 (0) 2724 (N) -

[0068]  CPU 702K ] £t B LA HH R Gt 2 TOS A7 B il /s 85 425 1l 28 720 LA 1] 2 36 31— ik
ZA IR 126015 B o WoR 28 HI 2R 120015 B E BRI R4 tH — Bl 2 ML B 45 728 i
TN LR B T26 , B A AL 2 280 18 BRI 15 B AR B RS & T WoR 2 726 A% . Bon 88
726 0] AL E AT R AL B AR, B A ((EAPR T) B SS 26 (CRT) WM Af 748 (LCD) V55 58
TR IREREE,

[0069]  Ji J& IS — MR EE AR N DK E— 38 1 #2456 AR SR A F B 77 T el ik 1) 25 i
BA I8 A e R | R PR N VS A St R AR T AR S R B S L R A
H H i AbEE 2R B B A HE S B AT I FE A U B A & AR S, A SO Bl iR 1) 3
Ak e ) JE S B ] FH AT e % B A EE RO % (1C) BRICHE o o RS AT A T
TEA 3 0] ATATT 28T K KONBIAFAE 2%, Bl 2 B DAAEAEAT T 2R A 5 R N TG4
b B AT B, bSO E KR AR ThRE M T TR IR T A5 A A 1 A A e R | E i K
AP BB o W S e L T e M AR A B FH T T B A/ B N T RS RGBT 2 T A o 6
TR B R UL, B R AT — M AR N G RT PR 4 T 3 S it P R 1) D ek, 2
AN N BT I S it e SR A 13 9 T B0 B AR U BH KTV

[0070] &5 AR ST Hp i 2 FF %) 5 TH0 17 45538 1) 45 150 B P a2 e e e % o B m il g DL R %
F RSB IAT - A TR 2 K (S S AL TR 2% (DSP) & FAE AL B (ASTC) 337 vl 4 A2 1B 471
(FPGA) Bl & m] Y2 18 45 25 1 | 2 5k ) B it PR/ I8 L 0 O (R 2H AR B L 2 T DA T AR
SCH TR IR B DI RE AT AT 25 o AR BE 38 P N fl b BE AR (R AE B AT S, AE B 28 A A AT 8
FIFR) A TH 2% 4% o) 28 L AR o) 2 IR S ML o A T 2% 10 ] St Ayt SR B R 4H A (9, DSP
AL ER B A B 2 AN B B 25 A DSPAZ OV ) — B 2 ML BE3S , BT e L AL ) »
(00711 A ST AR BT A FF ) 7 T R AR S A7 fits TR 2F vh 1 48 2R B, H a5 47 F (i 4n) B
HUAFEUAF it (RAM) PRIA A7 i 2% « RELA7fig#8 (ROM) « HE 7] 4 FZROM (EPROM) « HE 1] #6253 1] 4
FEROM (EEPROM) 23 77 % A5 28 Fri Y =X 1 4 . CD-ROMER iy Jigg A%k o 2 0 A AT AT L e T 2 it
BT B AR R VO M AT A TR & B AL 2% , i 15 A0 BE 8% v AR SR S B 2 HOKs
5B N B AR AR B AT R, A7 iy SR T SR R B Ab B AR o A B AR S A7 WA T AT
TASICH . FTRASICHI JF A7 T AR & 1 AE B AT S, AR S ATl A4 ] A g B8 LA
YA T fE G JE vl e AR 55 2.

[0072] o By s, $R T AR ST I 7R G 14 7 T R AT — 3 R AR D SRS R DA it 5
B B i o m LARR 1 BT BA 19 7 81 LA AR R AR 2 AN ) 2 B1SRBAT BT iR IR 3 - R4, iR T
B3 R B B AT S2bR B DLECAN AN R B IRIAT o 4 v G AR a vy T A e i
() — B 2 AN EAE D IR SRR, 0 Bt Ja A0 — M BOR N G0R 2 1T 2 DL, SRR P R BT 15 B 1
B IR0 B2 AR 2 A MBI BT & U0 — MR AR N ARG R A, w5 A5 FPOAS A BOR
KMEER R RS B G T 28R UL, T DL BRI RE S H R HE 4 i 4.
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BRE S LTS LA Fr Al I H AL I R B PR T O O SR B
FEATH G RETR

(00731 FRAHAS i W 11 506 il 428 38 LS A5 AT o o A3 ) — RREBOAR N B 0% i 3w A P AR
IR o Xk A B F 5% S 5O JB AU ) — M AR N G R UEKE & D9 S it & WL, HLA
SCH BT RE LR~ P B R A AN T B A Y AR A v L ) 1 0 B L e AR R
A FEAAT SR T A Bt i 1) S 49 B vt T LA 5 55 AR S0 i o O 1) J B R
FURFIEAR— S i) iz Vi
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