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SOURCE SYNCHRONOUS INTERFACE BETWEEN MASTER AND                      SLAVE
USING A DESKEW LATCH       FIELD OF THE INVENTION            The present
invention relates to the field of computer      architecture; more
particularly, the present invention relates to      interface between a
master device and multiple slave devices.       BACKGROUND OF THE INVENTION
In prior processor-cache configurations, the cache memory      receives the
same clock signal as the processor. Timings between the      processor and
cache were standard synchronous relationships. The      timing
relationships are described by the following equations.            Maximum
delay time must be considered when determining the      clock period for a
circuit. The clock period is given by the following      equation:
[err]      where t[err] represents the clock period, t[err]represents the
maximum      clock to signal delay time, t[err] represents the maximum
flight time      for a given signal, t[err] represents the required signal
set up time, and t[err]      represents clock skew.            Hold time is
determined using the following equation:            [err]      where t[err]
represents the minimum clock to signal delay time, t[err]      represents
minimum flight time, t[err] represents the required hold time      and
t[err] represents clock skew.            Above a certain frequency, it is
impossible to satisfy both      equations because of the delay introduced
by skew and the relationship      between t[err]/ t[err] and t[err].  



It is possible to extend the frequency of operation beyond the
2 limit of these equations by using source synchronous signaling. In
source-synchronous signaling, timing information is passed with signals to
compensate for t[err] and t[err] terms. Maximum frequency of operation is
limited by the t[err] / t[err] window, the ability to control signal skews,
and the ability to manage signal integrity.       In the prior art,
source-synchronous signaling has been used in asynchronous system
interfaces and with a lower frequency common clock. The present invention
discloses another method to use source- synchronous signaling for a high
speed memory interface. It is based on the assumption that memory is always
a slave device accessed by a master device (i.e., the controller). By
allowing the time base to track system delays, it is possible to maximize
the signaling rate with minimal latency impact. For purposes of
description, the controller is assumed to be in a CPU controlling a cache
memory; however, it may also be used in any other master/slave interface.
Because the delay accumulates around the loop from CPU to cache and back to
CPU, the CPU must wait for maximum loop delay time (rounded to the next
clock) and a deskew latch must hold data to account for the minimum loop
delay time. SUMMARY OF THE INVENTION       A source synchronous interface
between a master device and slave device is described. A master device
having a plurality of deskew latches is coupled to a slave device via a
bus. The master device communicates commands and first timing information
to the slave device via the bus. In response, the slave device communicates
data 



and second timing information to the master device via the bus. When data
is communicated from the slave device to the master device, the data is
stored in one of the plurality of deskew latches until accessed by the
master device.                                                 3 BRIEF
DESCRIPTION OF THE DRAWINGS       The present invention will be understood
more fully from the detailed description given below and from the
accompanying drawings of various embodiments of the invention, which,
however, should not be taken to limit the invention to the specific
embodiments, but are for explanation and understanding only.        Figure
1 is a block diagram of a processor and cache memory showing multiple clock
skews.        Figure 2 is a block diagram of cache memory and a processor
having deskew latches according to one embodiment of the present invention.
Figure 3 is a diagram of cache memory and a processor having deskew latches
according to one embodiment of the present invention.        Figure 4 is a
block diagram of a deskew latch implementation according to one embodiment
of the present invention.        Figure 5 is a circuit level diagram of the
deskew latches according to one embodiment of the present invention.  



Figure 6 is a timing diagram of a cache access according to one embodiment
of the present invention.  DETAILED DESCRIPTION OF THE PRESENT INVENTION
A source synchronous interface between a master device having a plurality
of deskew latches and a slave device is described. In the following
description, numerous details are set forth, such as number of latches,
control circuitry, etc. It will be apparent, however, to one skilled in the
art, that the present invention may be practiced without these specific
details. In other instances, well-known structures and
4 devices are shown in block diagram form, rather than in detail, in order
to avoid obscuring the present invention.       When a processor is
connected to a cache memory via a dedicated bus, the processor operates as
the master device and the cache memory operates as the slave device. The
present invention will be described in terms of a processor-cache
architecture; however, the present invention is equally applicable to other
single master/multiple slave configurations.       As noted above, prior
processor and cache memory configurations typically operate from a common
clock signal. Thus, data returned from the cache memory must be returned to
the processor and be stable during a known processor clock cycle window.
However, using the method and apparatus disclosed herein, data returned
from a cache memory can be returned within a window that crosses processor
clock cycle boundaries. To do this, commands are sent to the cache memory
from the processor along with timing information, such as a clock signal or
a strobe. The cache memory uses 



the timing information to generate an internal clock signal to execute the
commands sent from the processor. These commands are executed without a
tightly specified relation to the processor clock. Data returned from the
cache memory to the processor is returned with timing information, such as
a clock or a strobe signal, and the data is latched into deskew latches.
The data is stored in the deskew latches until accessed by the processor
core.       Figure 1 is a processor and cache memory configuration.
Processor 100 receives clock signal 150. Phase locked loop (PLL) 132
generates a clock signal for processor 100 from clock signal 150. The clock
signal generated by PLL 132 is labeled To. As the processor clock signal
travels to output circuitry 138, the processor clock signal is delayed, or
skewed. Thus, the clock signal at output circuitry 138 is a
5 delayed version of To and is labeled T1. Similarly, as clock signal
T[err] travels from output circuitry 138 in processor 100 to input
circuitry 142 in cache memory 120, a flight time delay is introduced. The
clock signal at input circuitry 142 is labeled T[err] and is a delayed
version of clock signal T[err].       The clock signal internal to cache
memory 120 may be generated by PLL 148 and is labeled T[err], which is a
skewed T2. It should be noted that PLL 148 is optional and may provide
positive skew in the sense that T[err] may lead T[err]. Clock signal T[err]
is the clock signal at output circuitry 144 and clock signal T[err] is the
clock signal at input circuitry 140. Timing signal T6 represents the timing
signal based on the data returned to processor 100 by cache memory 120.
By using the interface described herein, time domains may be "shifted" by
designing a master device (e.g., processor) based on worst 



case considerations and a set of deskew latches based on best case
considerations to store data until it is accessed by the master. Deskew
latches allow a processor to access data returned from cache memory at
times that are not defined by clock period and hold time equations
discussed above.        Figure 2 is a block diagram of processor 100 and
cache memory 120 according to one embodiment of the present invention.
Processor 100 and cache memory 120 may reside in a common integrated
circuit (IC) package, such as a Pentium Pro[err] Microprocessor available
from Intel Corporation of Santa Clara, California. Alternatively, processor
100 and cache memory 120 may reside in separate IC packages.
Processor 100 generally includes processor CPU core 134, cache control
state machine 200, latch 210, and deskew latches 220. Interactions between
cache control state machine 200, latch 210 and deskew latches 220 with
processor CPU core 134 are fully synchronous.
6       Cache control state machine 200 communicates with CPU core 134 to
generate access control signals that are sent to tag and status array 250
and data array 260 in cache memory 120 over lines 293. Access control
signals are also sent to latch 210. Cache control state machine 200
receives state and tag match data from tag and status array 250 over lines
291.       Cache control state machine 200 generates burst control data
that is communicated to deskew latches 220 and data buffers 270 in cache
memory 120 via cache control 280. Burst control signals are used to control
the flow of data between data buffers 270 and deskew latches 220. Data is
communicated between data buffers 270 and deskew latches 220 over lines 299
in chunks. According to one embodiment, a chunk 



of data corresponds to the width of the bus between processor 100 and cache
memory 120. However, a chunk of data may be any amount of data based on
cache line size, bus width, etc.       Latch 210 receives address
information and commands from CPU core 134 and communicates them to data
array 260 and tag and status array 250 over lines 295. Lines
291,293,295,296 and 299, discussed above, comprise a backside bus 290 for
communicating between processor 100 and cache memory 120.       Cache
control 280 receives timing information from cache control state machine
200 and generates timing information that is communicated to processor 100
along with the data retrieved by cache memory 120. The timing information
generated by cache control 280 is communicated to deskew latches 220 via
line 296. The timing information may be either a clock signal or a strobe
signal or the timing information may be associated with the transfer of
data.       Accesses to cache memory 120 by processor 100 can be considered
as involving "loops". The outer loop comprises access to the arrays of
cache memory 120. The array access forms a loop in the sense that
7 requests originate with CPU core 134 and proceed through cache control
state machine 200 to tag and status array 250 and data array 260 in cache
memory 120. Data from data array 260 is sent to data buffers 270, then to
deskew latches 220 in processor 100. Processor CPU core 134 accesses data
from deskew latches 220 to complete the loop. Outer loop operations include
tag and state read operations, data array read operations, tag updates and
data array updates.       The phrase "inner loop" is used to describe a
transfer of signals within the processor-cache architecture. For example,
one inner loop 



provides burst transfers from data buffers 270 to deskew latches 220
controlled by processor CPU core 134 and Cache control state machine 200.
Data from data buffers 270 are selected and sent to deskew latches 220. The
data stored in deskew latches 220 are then accessed by CPU core 134. Thus,
the inner loop utilizes a subset of the circuits utilized by the outer
loop.       Inner loop operations also include chunk write and chunk read
operations. A one way transfer of commands from the processor to cache
memory or a one way transfer of data from cache memory to the processor may
also be considered an inner loop operation.       Figure 3 is a diagram of
a processor and cache memory configuration according to one embodiment of
the present invention. As discussed above, in an outer loop operation, CPU
core 134 and cache control state machine 200 generate commands, addresses
and timing information that are communicated to cache memory 120. The
addresses are latched by address latch 330 in cache memory 120. Address
latch 330 is controlled by address timing information, which is also input
to PLL 146. The commands generated by cache control state machine 200 are
also communicated to cache memory core 148, which includes tag and status
array 250 and data array 260 of Figure 2 (not shown). Timing information
from cache control state machine 200 is
8 also input to cache control 280, which controls multiplexers 335, 347 and
349. The implementation described by Figure 3 is one of many possible
implementations of the present invention.       Once requested data is
retrieved by cache memory core 148, the data is sent to latches 345.
Latches 345 hold chunks of the cache line retrieved. The chunk to be
selected and sent to processor 100 is selected 



by multiplexers 335, 347 and 349.       When data is sent from cache memory
120 to processor 100, timing information is sent from cache control 280 to
latch control 285 in processor 100. Latch control 285 also receives input
from cache control state machine 200. Latch control 285 controls deskew
latches 220 such that the chunks of data output from multiplexer 335 are
input to the appropriate deskew latch. The output of each deskew latch is
coupled to an input of multiplexer 350, which is controlled by cache
control state machine 200. The output of multiplexer 350 is input to output
latch 340, which stores the chunk of data until CPU core 134 requests a new
chunk of data.       For an inner loop operation, commands and timing
information are generated by cache control state machine 200 and CPU core
134 and sent to cache memory 120. In response, cache control 280 selects
the requested chunk from latches 345 to output the requested chunk to
deskew latches 220 in processor 100. Cache control 280 also generates
timing information that is sent to latch control 285.       The data sent
from cache memory 120 is received by deskew latches 220. Latch control 285
and cache control state machine 200 select the proper deskew latch via
multiplexer 350 to output the requested chunk to output latch 340. CPU core
134 then accesses the chunk from output latch 340.       Figure 4 is a
block diagram of four deskew latches according to one embodiment of the
present invention. Each deskew latch stores a
9 chunk of data. Data from cache memory 120 is input to deskew latches 220,
which comprises four latches 422, 424, 426, and 428. The latch control unit
300 selects the appropriate latch to receive data from cache 



memory 120. According to one embodiment, four deskew latches are
implemented; however, any number of deskew latches may be implemented
(e.g., one, two, three, etc.). The number of deskew latches is chosen to
match the worst case skew of the outer loop. The deskew latches ensure that
the master device will always read valid data for the full range of skew of
the first and second timing information.       According to one embodiment,
data is received by the deskew latches 220 in a circular manner. For
example, a first chunk of data stored in latch 422, a second chunk in latch
424, a third chunk in latch 426, and a fourth chunk in latch 428. The four
chunks, each of which is stored in one latch, comprise a word of data that
is retrieved from cache memory 120. The next chunk of data received is
stored in latch 422.       The outputs of latches 422, 424, 426, and 428
are coupled to the inputs of multiplexer 450 which is controlled by cache
control state machine 200. The output of multiplexer 450 is the input to
output latch 440 which is coupled to CPU core 134.       Figure 5 is a
circuit level diagram of deskew latches 220 according to one embodiment of
the present invention. According to one embodiment, deskew latch control
circuitry 510 and 520 receive as inputs BSTB#, which is a strobe signal.
Deskew latch control circuitry 510 and 520 comprise standard logic elements
well known in the art as shown in Figure 5. The implementation shown in
Figure 5 stores the first chunk of data retrieved in latch 422, the second
chunk in latch 426, and so on, in a circular manner as discussed above.
In order to reduce skew introduced by the strobe signals, a pair of
complementary strobe signals (e.g., BSTB and BSTB#) may be used to control
the deskew latches. Alternatively, the deskew latches may be             



10 controlled by a clock signal received from cache memory 120.       The
outputs of latches 422, 426, 424, and 428 are coupled to multiplex 450. The
output of multiplex 450 is accessed by CPU core 134 (not shown) either
directly or via output latch 440, as shown in Figure 4.       Because the
latching action of deskew latches 220 is controlled in response to a strobe
signal generated by cache memory 120, the times at which data is latched by
the latches is independent of the clock driving processor 100 (e.g.,
T[err]). Thus, the window in which the data may be latched may cross
processor 120 clock cycle boundaries. Data stored in the deskew latches
flows through the latches so that the data is available before the data is
latched in response to the BSTB# signal. Access to the data stored in the
deskew latches may be made independent of the BSTB# signal. Alternatively,
clocked latches may also be used.       Figure 6 is a timing diagram of a
plurality of signals in the master-slave interface according to one
embodiment of the present invention. CLK signal 150 corresponds to CLK
signal 150 of Figure 1. CPU PLL signal 610 is the clock signal that drives
processor 100 and is used in the timing of accesses to data returned by
cache memory 120. CPU PLL output signal 610 corresponds to the To time base
of Figure 1.       Cache clock signal 620 corresponds to the T3 time base
of Figure 1 and is the clock signal that drives cache memory 120. Cache
clock signal 620 is used in executing commands received from processor 100
and in sending data and timing information to processor 100.       Some of
the signals described below are described as uni- directional signals.
These signals may also be designed as bi-directional signals that are
actively driven for a fixed number of clocks and then instead of being left
to float are held at the last value through the use of weak drivers called
"keepers". The keepers maintain the signals         



11 within the limits of logical high or low values. Keepers help to reduce
power consumption in the receiver compared to an implementation where the
signals float.       BSTB@cache signal 630 and BSTB#@cache signal 635 form
a complementary pair of strobe signals that are sent from cache memory 120
to processor 100. These signals correspond to the T4 time base in Figure 1.
These strobe signals are the timing information sent from cache memory 120
to processor 100 along with the data that is requested by processor 100.
Data@cache signals 640 are the data sent from cache memory 120 to processor
100. These signals also correspond to the T4 time base. As can be seen from
Figure 6, the transition of the strobe signals occurs after the data
signals are set up.       BSTB@CPU signal 650 and BSTB#@CPU signal 655 are
the strobe signals generated by cache memory 120 at the time they arrive at
processor 100. These signals are delayed with respect to the strobe signals
at cache memory 120 because of flight time delays between cache memory 120
and processor 100. The strobe signals at processor 100 correspond to the
T[err] time base of Figure 1.       Data@CPU signals 660 are the data as it
arrives at processor 100. Again, these signals are delayed by the flight
time between cache memory 120 and processor 100. Data@CPU signals 660
corresponds to the T[err] time base of Figure 1.       Deskew latch 1
output 670, deskew latch 2 output 672, deskew latch 3 output 674, and
deskew latch 4 output 676 are the output signals of the respective deskew
latches. These signals correspond to the T6 time base of Figure 1. These
output signals are the respective chunks of data that are received from
cache memory 120. The T6 time base is based on data rather than clock and
strobe signals that form the basis of the other time bases. Alternatively,
the T6 time base may be based on a      



12 clock or strobe signal if the data at the deskew latches is latched in
response to a timing signal before it is available to processor core 134.
However, this embodiment would incur somewhat of a performance penalty.
Thus, source synchronous interface between master and multiple slaves using
a deskew latch has been described.
13     What is claimed is:     1. A system, comprising:        a slave
device;        a master device having a plurality of deskew latches; and
a bus coupled between the slave device and the master device, wherein the
bus communicates a request from the master device to the slave device
and communicates data and timing information from the slave device to
the master device in response to the request;  



wherein the slave device operates, asynchronously with respect to the
master device, in response to the request to generate the timing
information and the data, and further wherein the data is stored in one of
the plurality of deskew latches until the data is accessed by the master
device.     2. The system of claim 1, wherein the timing information
comprises a clock        signal.     3. The system of claim 1, wherein the
timing information comprises a strobe        signal.     4. The system of
claim 1, wherein the data is latched into one of the plurality        of
deskew latches in response to the liming information.     5. The system of
claim 1, wherein the master device is a processor.     6. The system of
claim 1, wherein the slave device is a cache memory.     7. A method
comprising:        issuing a request from a processor to a cache memory;
executing the        request in the cache memory asynchronously with
respect to clock cycles        in the processor;        retrieving data
requested by a command;        generating timing information;
sending the data and the timing information from the cache memory to the
processor; and latching, in a deskew latch, the data in response to the
timing information.            



14     8. An integrated circuit (IC) package, comprising;    a cache memory
subsystem;    a processor having a plurality of deskew latches; and a bus
coupled    between the cache memory subsystem and the processor, wherein
the bus    communicates a command from the processor to the cache memory
subsystem and the bus further communicates timing information and data
accessed in response to the command from the cache memory subsystem    to
the processor and a bus interface is configured to provide access by the
processor to one or more peripheral device;     wherein the cache memory
subsystem operates asynchronously with    respect to a system clock in
response to the command to output the data    and the timing information,
and further wherein the data is latched in the    deskew latches in
response to the timing information.  9. The IC package of claim 8, wherein
the timing information comprises a    strobe signal.  10. The IC package of
claim 8, wherein the timing information comprises a    clock signal.  11.
An apparatus comprising:    means for issuing a request from a processor to
a cache memory;    means for executing the request in the cache memory
asynchronously with    respect to clock cycles in the processor;    means
for retrieving data requested by a command;    means for generating timing
information;    means for sending the data and the timing information from
the cache    memory to the processor; and means for latching the data in
response to    the timing information.    


