

























































































































































































































































































































































































CHAPTER 7

INTERFACE OVERVIEW

The write interface is described in detail in Chapter 9.

* DMA Operations: The R3081 includes a DMA arbiter which allows an
external agent to gain full control of the processor read and write interface.
DMA is useful in systems which need to move significant amounts of data
within memory (e.g. BitBIT operations) or move data between memory and
I/0 channels.

The R3051 family utilizes a very simple handshake to transfer control of
its interface bus. This handshake is described in detail in chapter 10.

The R3081 adds the capability to perform hardware based data cache
coherency during DMA cycles. This capability includes the capability of
performing hardware invalidation of specific data cache lines, as well as
the capability of performing burst invalidations during burst DMA writes.
This capability is also described in chapter 10.

MULTIPLE OPERATIONS

It is possible for the R3081 to have multiple interface activities pending.
Specifically, there may be data in the write buffer, a read request (e.g. due to
a cache miss), a DMA mastership request, and an ongoing transaction all
occurring simultaneously.

In establishing the order in which the requests are processed, the R3051
family is sensitive to possible conflicts and data coherency issues. For
example, if the on-chip write buffer contains data which has not yet been
written to memory, and the processor issues a read request to the target
address of one of the write buffer entries, then the processor strategy must
insure that the read request is satisfied by the new, current value of the data.

Note that there are two levels of prioritization: that performed by the CPU
engineinternal to the R3081, and that performed by the bus interface unit. The
internal execution engine can be viewed as making requests to the bus
interface unit. In the case of multiple requests in the same clock cycle, the CPU
core will:

1: Perform the data request first. That is, if both the data cache and
instruction cache miss in the same clock cycle, the processor core will
request a read to satisfy the data cache first. Similarly, a write buffer full
stall will be processed before an instruction cache miss.

2: Perform a read due to an instruction cache miss.

This prioritization is important in maintaining the precise exception model
of the MIPS architecture. Since data references are the result of instructions
which entered the pipeline earlier, they must be processed (and any exceptions
serviced) before subsequent instructions (and their exceptions) are serviced.

Once the processor core internally decides which type of request to make to
the bus interface unit, it then presents that request to the bus interface unit.

Thus, in the R3081 Bus Interface Unit, multiple operations are serviced in
the following order:

Ongoing transactions are completed without interruption.
DMA requests not requiring cache coherency are serviced.
Instruction cache misses are processed.
Pending writes are processed.

DMA requests indicating possible coherency are processed.
Data cache misses or uncacheable reads are processed.

AN
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This service order has been designed to achieve maximum performance,
minimize complexity, and solve the data coherency problem possible in write
buffer systems.

Note that this order assumes that the write buffer does not contain
instructions which the processor may wish to execute. The processor does not
write directly into the instruction cache: store instructions generate data
writes which may change only the data cache. The only way in which an
instruction reference may reside in the write buffer is in the case of self
modifying code, generated with the caches swapped. However, in order to
unswap the caches, an uncacheable instruction which modifies CPO must be
executed; the fetch of this instruction would cause the write buffer to be flushed
to memory. Thus, this ordering enforces strong ordering of operations in
hardware, even for self modifying code. Of course, software could perform an
uncacheable reference to flush the write buffer at any time, thus achieving
memory synchronization with software.

The final consideration in the priority structure has to do with cache
coherency operations. Specifically, the R3081 bus interface unit insures that
memory is completely current with the on-chip caches by retiring all pending
writes to memory, and further insures that an ongoing read has updated the
on-chip caches. Only after these conditions are met is the coherent DMA
request granted.

Specifically, when a coherent DMA request is detected, the R3081 will
complete its current bus cycle, and then insure that memory is consistent with
the on-chip caches. It will bring data out of the read buffer and into the caches;
if the read response data contains instructions to be executed, then those
instructions will be streamed normally, and may generate additional data
values into the write buffer.

Once the read buffer is brought into the cache, the CPU core is stalled and
pending writes are retired to memory. Any additional writes generated during
streaming will also be updated to the main memory. Since the processor core
is stalled, no additional read requests will be generated.

At this point, the processor core will be stalled in anticipation of potential
invalidates, the read buffer is empty, and the memory is current with the on-
chip caches. The R3081 will then grant the bus to the DMA requester.
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EXECUTION ENGINE FUNDAMENTALS

This section describes the fundamentals of the processor read interface and
itsinteraction with the execution core. These fundamentals will help to explain
the relationship between design tradeoffs in the system interface and the
performance achieved in R3081 based systems.

Execution Core Cycles

The R3081 execution core utilizes many of the same operation fundamentals
as does the R8000A processor. Thus, much of the terminology used to describe
the activity of the R3081 is derived from the terminology used to describe the
R3000A. In many instances, the activity of the execution core is independent
of that of the bus interface unit.

Cycles

A cycle is the basic timing reference of the R3081 execution core. Cycles in
which forward progress is made (the processor pipeline advances) are called
Runcycles. Cycles in which no forward progress occurs are called Stallcycles.
Stall cycles are used for resolving exigencies such as cache misses, write stalls,
and other types of events. All cycles can be classified as either run or stall
cycles. Note that the bus cycle rate may differ from the execution cycle rate,
due to half-frequency bus mode.

Run Cycles

Run cycles are characterized by the transfer of an instruction into the
processor core, and the optional transfer of data into or out of the execution
core. Thus, eachrun cycle can be thought of as having an instruction and data,
or ID, pair.

There are actually two types of run cycles: cache run cycles, and refill run
cycles. Cache run cycles (typically referred to as just run cycles) occur while
the execution core is executing out of its on chip cache; these are the principal
execution mechanism.

Refill run cycles, referred to as streaming cycles, occur when the execution
core is executing instructions as they are brought into the on-chip cache. For
the R3081, streaming cycles are defined as cycles in which data is brought out
of the on-chip read buffer into the execution core (rather than defining them
as cyclesin which data is brought from the memory interface to the read buffer).

Stall Cycles

There are three types of stall cycles:

Wait Stall Cycles. These are commonly referred to simply as stall cycles.
During wait stall cycles, the execution core maintains a state consistent
with resolving a stall causing event. No cache activity will occur during
wait stalls.

Refill Stall Cycles. These occur only during memory reads, and are used
to transfer data from the on-chip read buffer into the caches.

Fixup Stall Cycles. Fixup cycles occur during the final cycle of a stall; that
is, one cycle before entering a run cycle or entering another stall. During
the final fixup cycle (the one which occurs before finally re-entering run
operation), the ID pair which should have been processed during the last
run cycle is handled by the processor. The fixup cycle is used to restart
the processor and co-processor pipelines, and in general to fixup conditions
which caused the stall.
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The basic causes of stalls include:

Read Busy Stalls: If the processor is utilizing its read interface, either to
process a cache miss or an uncacheable reference, then it will be stalled
until the read data is brought back to the execution core.

Write Busy Stalls: If the processor attempts to perform a store operation
while the on-chip write buffer is already full, then the processor will stall
until a write transaction is begun on the interface to free up room in the
write buffer for the new address and data.

Multiply/Divide Busy Stalls: If software attempts to read the result
registers of the integer multiply/divide unit (the HI and LO registers) while
a multiply or divide operation is underway, the processor execution core
will stall until the results are available.

Coprocessor Busy Stalls: These stalls originate when the CPU makes a
request of the FPA co-processor, but the requested resource is unavailable.
Examples of such events include: references to an FPA register currently
being used for another operation, and requesting an arithmetic operation
when the required ALU is still busy with another instruction. In these
cases, the FPA will stall the main processor until the requested resource
is available.

Micro-TLB Fill Stalls: These stalls can occur when aninstruction translation
misses in the instruction TLB cache (the micro-TLB, which is a two-entry
cache of the main TLB used to translate instruction references). When
such an event occurs, the execution core will stall for one cycle, in order
torefill the micro-TLB from the main TLB. Since thisis a single-cycle stall,
it is of necessity a fixup cycle.

Multi-processor Stalls: These stalls occur during coherent DMA. The
execution core is stalled, leaving the on-chip caches free for potential
invalidations.

Multiple Stalls

Multiple stalls are possible whenever more than one stall initiating event

occurs within a single run cycle. An example of such activity is when a single
cycle results in both an instruction cache miss and a data cache miss.

The most important characteristic of any multiple stall cycle is the validity

of the ID pair processed in the final fixup cycle. The R3081 execution core keeps
track of nested stalls to insure that orderly operation is resumed once all of the
stall causing events are processed.

For the general case of multiple stalls, the service order is:
1: Micro-TLB Miss, Multi-processor and Partial Word Stores
2: Halt requested through Config register.

3: Data Cache Miss or Write Busy Stall

4: Co-processor Busy Stall

5: Instruction Cache Miss

6: Multiply /Divide Unit Busy
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PIN DESCRIPTION

This section describes the signals used in the above interfaces. More detail
on the actual use of these pins is found in other chapters. Note that many of
the signals have multiple definitions which are de-multiplexed either by the
ALE signal or the Rd and Wr control signals. Note that signals indicated with
an overbar are active low.

System Bus Interface Signals

These signals are used by the bus interface to perform read and write
operations.

Address and Data Path

A/D(31:0) I/0

Address/Data: A 32-bit, time multiplexed bus which indicates the desired
address for a bus transaction in one cycle, and which is used to transmit data
between this device and external memory resources on other cycles.

Bus transactions on this bus are logically separated into two phases: during
the first phase, information about the transfer is presented to the memory
system to be captured using the ALE output. This information consists of:

Address(31:4): The high-order address for the transfer is presented.

BE(3:0): These strobes indicating which bytes of the 32-bit bus
will be involved in the transfer. BE(3) indicates that
AD(31:24) is used; BE(2) indicates that AD(23:16) is
used; BE(1) indicates that AD(15:8) is used; and BE(O)
indicates that AD(7:0) is used.

During write cycles, the bus contains the data to be stored and is driven from
the internal write buffer. On read cycles, the bus receives the data from the
external resource, in either a single word transaction or in a burst of four words,
and places it into the on-chip read bulffer.

During cache coherency operations, the R3081 monitors the A/D bus at the
start of a DMA write to capture the write target address for potential data cache
invalidates.

Addr(3:2) I/0

Low Address (3:2) A 2-bit bus which indicates which word is currently
expected by the processor. Specifically, this two bit bus presents either the
address bits for the single word to be transferred (writes or single word reads)
or functions as a two bit counter starting at ‘00’ for burst read operations.

During cache coherency operations, the R3081 monitors the Addr bus at the
start of a DMA write to capture the write target address for potential data cache
invalidates.

Read and Write Control Signals
ALE I/0
Address Latch Enable: Used to indicate that the A/D bus contains valid

address information for the bus transaction. This signal is used by external
logic (transparent latches) to capture the address for the transfer.
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During cache coherency operations, the R3081 monitors ALE at the start of
a DMA write to capture the write target address for potential data cache
invalidates.

DataEn (0]

Data Input Enable: This signal indicates that the AD bus isno longer being
driven by the processor during read cycles, and thus the external memory
system may enable the drivers of the memory system onto this bus without
having a bus conflict occur. During write cycles, or when no bus transaction
is occurring, this signal is negated.

Burst/
WrNear ()

Burst Transfer: Onread transactions, this signal indicates that the current
bus read is requesting a block of four contiguous words from memory (a burst
read). This signal is asserted only in read cycles due to cache misses; it is
asserted for all I-Cache miss read cycles, and for D-Cache miss read cycles if
selected at device reset time.

Write Near: On write transactions, this output tells the external memory
system that the businterface unit is performing back-to-back write transactions
to an address within the same 512 entry memory “page” as the prior write
transaction. This signal is useful in memory systems which employ page mode
or static column DRAMs.

Rd o

Read: An output which indicates that the current bus transaction is aread.

Wr I/0

Write: Anoutput whichindicatesthatthe currentbus transactionis a write.
During coherent DMA, the R3081 monitors this input to detect DMA write
operations.

Ack I

Acknowledge: An input which indicates to the device that the memory
system has sufficiently processed the bus transaction, and that the processor
may either advance to the next write buffer entry or release the execution core
to process the read data.

During coherent DMA, the R3081 monitors this input to detect the completion
of DMA write transfers.

RdACEn I
Read Buffer Clock Enable: An input which indicates to the device that the

memory system has placed valid data on the AD bus, and that the processor
may move the data into the on-chip Read Buffer.

BusError I

Bus Error: Input to the bus interface unit to terminate a bus transaction
due to an external bus error. This signalis only sampled during read and write
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operations. If the bus transaction is a read operation, then the CPU will also
take a bus error exception.

Status Information
Diag(1) o

Diagnostic Pin 1. This output indicates whether the current bus read
transaction is due to an on-chip cache miss, and also presents part of the miss
address. During reads, the value output on this pin is time multiplexed:

Cached: During the phase in which the A/D bus presents
address information, this pin is an active high output
which indicates whether the current read is a result of
a cache miss.

Miss Address (3): During the remainder of the read operation, this output
presents address bit (3) of the address the processor was
attempting to reference when the cache miss occurred.
Regardless of whether a cache miss is being processed,
this pin reports the transfer address during this time.

On write cycles, this output signals whether the data being written was
retained in the on-chip data cache. The value of this pin is time multiplexed:

Cached: During the address phase of write operations, this
signal is an active high output which indicates that the
store data was retained in the on-chip data cache.

Reserved: The value of this pin during the data phase of writes is
reserved.

Diag(0) (0]

Diagnostic Pin 0. This output distinguishes cache misses due toinstruction
references from those due to data references, and presents the remaining bit
of the miss address. During read cycles, the value output on this pin is also
time multiplexed:

1/D: If the “Cached” Pin indicates a cache miss, then a high
on thispin at this time indicates an instruction reference,
and a low indicates a data reference. If the read is not
due to a cache miss but rather an uncached reference
(“Cached” is negated), then this pin is undefined during
this phase.

Miss Address (2): During the remainder of the read operation, this output
presents address bit (2) of the address the processor was
attempting to reference when the cache miss occurred.
Regardless of whether a cache miss is being processed,
this pin reports the transfer address during this time.

During write cycles, the value of this pin during both the address and data
phase is reserved.
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Interrupt Interface

Chapter 6 discusses the exception model of the R3051 family.

BrCond(0)
SBrCond(3:2) I

Branch Condition Port: These external signals are available as an input
port to the processor, which can use the Branch on Co-Processor Condition
instructions to test their polarity. The SBrCond bus is synchronized by the
R3081, and thus may be driven by an asynchronous source; BrCond(0) is
directly tied to the execution core, and thus must be generated synchronously.
Note that BrCond(1) is used for the on-chip floating point co-processor, CP1,
and thus is not available externally.

SInt(2:0)
Int(5:3) I

Processor Interrupt: During operation, these signals are the same as the
Int(5:0) signals of the R3000. During processor reset, these signals perform
mode initialization of the processor. The Synchronized interrupt inputs are
internally synchronized by the R3081, and thus may be generated by an
asynchronous interrupt agent; the direct interrupts must be externally
synchronized by the interrupt agent. Note that the interrupt selected in the
Config register to correspond to the floating point co-processor interrupt is not
available externally; the value of the signal will be ignored. The system
designer must tie this signal to a valid logic level anyway.

DMA Arbiter Interface

These signals are involved when the processor exchanges bus mastership
with an external agent. This operation is described in chapter 10.

BusReq I
DMA Arbiter Bus Request: An input to the device which requests that the

processor tri-state its bus interface signals so that they may be driven by an
external master. The negation of thisinputreleases the bus back to the R3081.

BusGnt o

DMA Arbiter Bus Grant. An output from the R3081 used to acknowledge
that a BusReq has been granted, and that the bus is relinquished to the
external master.

Cache Coherency Interface
These signals are involved when the processor exchanges bus mastership

with an external agent, and the cache coherency interface is invoked. This
operation is described in chapter 10.
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IvdReq I

Invalidate Request: This inputisused to cause the R3081 to invalidate the
currently indicated data cache word during a coherent DMA write sequence.
During memory cycles in which an external DMA master controls the processor
bus, the R3081 monitors ALE, Wr, and the address bus. If the current DMA
write also signals an IvdReq, the R3081 will cause the corresponding Data
cache word to be invalidated, as described in chapter 10. This signal is only
monitored during coherent DMA write cycles. This signal shares the same pin
as Diag(0).

CohReq I

Coherent DMA Request: This input is sampled along with BusReq to
indicate that the currently requested DMA transfer may involve cache coherency
operations. In this case, the R3081 will fully complete any ongoing reads and
update the main memory from the write buffer prior to granting the DMA
request, as described earlier in this chapter. Once the coherent DMA request
is granted, the memory system can then use IvdReq to request that the cache
line corresponding to the current address be invalidated, as described in
chapter 10. This input signal uses the pin designated as Rsvd(0) in the R3051.
In systems which do not use cache coherency (as indicated atreset), this input
is ignored, and need not be connected.

Reset and Clocking
ClkIn I

Master clock Input: This is an input clock which will be either at the
processor execution frequency (1x clock mode) or at twice the cycle rate (2x
clock mode).

SysClk o

System Reference Clock: An output from the processor which reflects the
clock used to perform bus interface functions. This clock is used to control
state transitions in the read buffer, write buffer, memory controller, and bus
interface unit. It should be used as a timing reference by the external memory
system. The frequency of this clock will be either the same as the CPU cycle
rate, or one-half that frequency, depending on the reset initialization mode
selected. Thereisno guaranteed AC timing relationship between this clock and
the input clock.

Reset I

Master Processor Reset: This signal initializes the processor. Optional
features of the processor are established during the last cycle of reset using the
interrupt inputs.

Miscellaneous
Rsvd(4:1) 1/0
Reserved: These four signal pins are reserved for testing and for future

revisions of this device. Users must not connect these pins. Note that Rsvd(0)
on the R3051 is used for CohReq on the R3081.
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INTRODUCTION

The R3051 family read protocol has been designed to interface to a wide
variety of memory and I/0 devices. Particular care has been taken in the
definition of the control signals available to the system designer. These signals
allow the system designer to implement a memory interface appropriate to the
cost and performance goals of the end application. The R3081 uses the same
protocol as the R3051 and R3052. However, new features have been added
which maintain pin compatibility but which simplify the design of high-
frequency systems. These features include the slow bus turn-around mode
and half-frequency bus mode.

This chapter includes both an overview of the read interface as well as
provides detailed timing diagrams of the read interface.

TYPES OF READ TRANSACTIONS

The majority of the execution engine read requests are never seen at the
memory interface, but rather are satisfied by the internal cache resources of
the processor. Only in the cases of uncacheable references or cache misses do
read transactions occur on the bus.

In general, there are only two types of read transactions: quad word reads
and single word reads. Note that partial word reads of less than 32-bits can
be thought of as a simple subset of the single word read, with only some of the
byte enable strobes asserted. As part of the read response processing, the
R3081 bus interface unit will generate parity over the incoming words for
protection over the on-chip caches. Quad word reads occur only in response
to cache misses. All instruction cache misses are processed as quad word
reads; data cache misses may be processed as quad word reads or single word
reads, depending on the current value of the DBRefill bit of the Config register.

In processing reads, there are two parameters of interest. The first
parameter is the initial latency to the first word of the read. This latency is
influenced by the overall system architecture as well as the type of memory
system being addressed: time required to perform address decoding, and
perform bus arbitration, memory pre-charge requirements, and memory
control requirements, as well as memory access time. The initial latency is the
only parameter of interest in single word reads.

The second parameter of interest (only in quad word refills) is the repeat rate
of data. Factors which influence the repeat rate include the memory system
architecture, the types and speeds of devices used, and the sophistication of
the memory controller: memory interleaving, the use of page mode, and faster
devices all serve to increase the repeat rate.

The R3051 family has been designed to accommodate a wide variety of
memory system designs, including no wait state operations (first word available
in two cycles) and true burst operation (adjacent words every clock cycle),
through simpler, slower systems incorporating many bus wait states to the first
word and multiple clock cycles between adjacent words (this is accomplished
by use of the on-chip read buffer).

The R3081 adds slow bus turnaround and half-frequency bus operation.
Both of these modes are fully compatible with the types of operations performed
by the R3051: slow bus turnaround merely affects the spacing of bus
operations, not the protocol of those operations. Similarly, half-frequency
mode has been designed to present the appearance of a processor running at
one-half the frequency; the system designer, and the system interface, is not
explicitly aware that this mode is active.
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READ INTERFACE SIGNALS

Theread interface uses the signalslisted below. Signal names indicated with
an overbar are active low. Timing is always with respect to the SysClk output,
which will be either at the CPU frequency, or at one-half the CPU frequency.

Rd

(o)

This output indicates that a read operation is occurring.

A/D (31:0) I/O0

ALE

During read operations, this bus is used to transmit the read target
address to the memory system, and is used by the memory system to
return the required data back to the processor. Its function is de-
multiplexed using other control signals.

During the addressing portion of the read transaction, this bus contains
the following:

Address(31:4) The upper 28 bits of the read address are presented
on A/D (31:4).

BE(3:0) The byte strobes for the read transaction are presented
on A/D(3:0).

o
This output signal is typically connected directly to the latch enable of

transparent latches. Latches are typically used to de-multiplex the
address and Byte Enable information from the A/D bus.

Addr(3:2) 0]

The remaining bits of the transfer address are presented directly on these
outputs. In the case of quad word reads, these pins function as a two bit
counter starting at ‘00’, and are used to perform the quad word transfer.
In the case of single datum reads, these pins contain Address (3:2) of the
transfer address.

DataEn o

This output indicates that the A/D bus is no longer being driven by the
processor, and thus the output drivers of the memory system may be
enabled.

Special logic on the CPU guarantees the following:
The A/D busis driven to guarantee hold time from the negation of ALE.
The A/D bus output drivers will be disabled before the assertion of
DataEn.

Thus, the system designer is assured that ALE can be used to directly
control the latch enable of a transparent latch. Similarly, DataEn can be
used to directly control the output enable of memory system drivers.

Burst (0]

This output distinguishes between quad word and single datum reads.
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RACEn ) |

Read Bulffer Clock Enable is used by the external memory system to cause
the processor to capture the contents of the A/D bus. Inthe case of quad
word reads, this causes the contents of the A/D bus to be strobed into the
on-chip read buffer; in the case of single datum reads, this causes the
processor to capture the read data and may also terminate the read
operation.

Ack I

Acknowledge is used by the memory system to indicate that it has
sufficiently processed theread transaction, and that the internal execution
core may begin processing the read data. Thus, Ack can be used by the
external memory system to cause the execution core to begin processing
the read data simultaneously with the memory system bringing in
additional words of the burst refill. The timing of the assertion of Ack by
the memory system must be constructed to insure that words not yet
retrieved from the memory will be brought in before they are required by
the execution core.

When the memory system is able to supply words at the rate of one per
clock cycle (after the initial latency), Ack can be asserted simultaneous
with the initial RACEn to achieve the highest levels of performance.

Other systems, which utilize simpler memory system strategies, may
ignore the use of Ack in read transactions. The processor will recognize
the implicit termination of a read operation by the assertion of the
appropriate number (one or four) of RACEn. While this approach is simpler
to design, a loss of performance will result.

BusError I
This input can be used to terminate a read operation. It will also cause
the processor to take a BusError exception. Read transactions terminated
by BusError do not require the assertion of Ack or RACEn.

Diag(1) (0]

During the address phase of the read transaction, this output indicates
whether the read is a result of a cache miss or an uncacheable reference.

During the remainder of the transfer, this output indicates Address(3) of
the actual address reference which missed in the cache.

This pin is useful in the initial debug of R3051 family based systems.
Diag(0) (0]

During the address phase of the read transaction, this output indicates
whether the read is a result of an instruction or data reference.

During the remainder of the transfer, this output indicates Address(2) of
the actual address reference which missed in the cache.

This pin is useful in the initial debug of R3051 family based systems.
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READ INTERFACE TIMING OVERVIEW

The read interface is designed to allow a variety of memory strategies. An
overview of how data is transmitted from memory and I/O devices to the
processor is discussed below. Note that multiplexing the address and data bus
does not slow down read transactions: the address is on the A/D bus for only
one-half clock cycle, so the data drivers can be enabled quickly; memory and
I/0 devices initiate their transfers based on addressing and chip enable, not
on the availability of the bus. Thus, memory does not need to “wait” for the bus,
and no performance penalty occurs.

Initiation of Read Request

A read transaction occurs when the processor internally performs a run
cycle which is not satisfied by the internal caches. Immediately after the run
cycle, the processor enters a stall cycle and asserts the internal control signal
MemRd. This signals to the internal bus interface unit arbiter that a read
transaction is pending.

Assuming that the read transaction can be immediately processed (that is,
there are no ongoing bus operations, and no higher priority operations
pending), the processor will initiate a bus read transaction on rising edge of
SysClk, which occurs during phase 2 of the processor stall cycle. Higher
priority operations would have the effect of delaying the start of the read by
inserting additional processor stall cycles.

Stall
(Arbitration) Stall

N e N N
T\ /

SysClk

MemRd

Burst

ALE —

AD(31:0) K —
DataEn |

Diag(1:0) >( Control Miss Addr

Address]| Turn
Mem. Bus

4000 drw 45

Figure 8.1(a). CPU Latency to Start of Read (Full Frequency Mode)
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Figure 8.1(a, b) illustrates the initiation of a read transaction, based on the
internal assertion of the MemRd control signal. This figure is useful in
determining the overall latency of cache misses on processor operation. Figure
8.1(a) shows the arbitration in full frequency mode; figure 8.1(b) shows the
arbitration in half-frequency mode.

(Arbitration) Stall Stall
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Datakn

Diag(1:0)

Addr

X

\
\
X

Figure 8.1(b). CPU Latency to Start of Read (Half Frequency Mode)
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Memory Addressing

Aread transaction begins when the processor asserts its Rd control output,
and also drives the address and other control information onto the A/D and
memory interface bus. Figure 8.2 illustrates the start of a processor read
transaction, including the addressing of memory and the bus turn around.
Note that all of this timing is with respect to the CPU SysClk output, and thus
applies in either half- or full-frequency mode.

The addressing occursin a half-cycle of the SysClk output. At the rising edge
of SysClk, the processor will drive the read target address onto the A/D bus.
At this time, ALE will also be asserted, to allow an external transparent latch
to capture the address. Depending on the system design, address decoding
could occur in parallel with address de-multiplexing (that is, the decoder could
start on the assertion of ALE, and the output of the decoder captured by ALE),
or could occur on the output side of the transparent latches. During this phase,
DataEn will be held high indicating that memory drivers should not be enabled
onto the A/D bus.

Concurrent with driving addresses on the A/D bus, the processor will
indicate whether the read transaction is a quad word read or single word read,
by driving Burst to the appropriate polarity (low for a quad wordread). Ifa quad
word read is indicated, the Addr(3:2) lines will drive ‘00’ (the start of the block);
if a single datum is indicated, the Addr(3:2) lines will indicate the word address
for the transfer. The functioning of the counter during quad words is described
later.

Bus Turn Around

Once the A/D bus has presented the address for the transfer, it is “turned
around” by the processor to accept the incoming data. This occurs in the
second phase of the first clock cycle of the read transaction, as illustrated in
Figure 8.2.

The processor turns the bus around by carefully performing the following
sequence of events:

¢ It negates ALE, causing the transparent address latches to capture the
contents of the A/D bus.

It disables its output drivers on the A/D bus, allowing it to be driven by
an external agent. The processor design guarantees that the ALE is
negated prior to tri-stating the A/D bus.

e The processor then asserts DataEn, to indicate that the bus may be now
driven by the external memory resource. The processor design insures
that the A/D bus isreleased prior to DataEn being asserted. DataEn may
be directly connected to the output enable of external memory, and no bus
conflicts will occur.

Thus, the processor A/D bus is ready to be driven by the end of the second
phase of the read transaction. At this time, it begins to look for the end of the
read cycle.
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Figure 8.2. Start of Bus Read Operation

Bringing Data into the Processor

Regardless of whether the transfer is a quad word read or a single word
transfer, the basic mechanism for transferring data presented on the A/D bus
into the processor is the same.

Although there are two control signals involved in terminating read operations,
only the RACEn signal is used to cause data to be captured from the bus.

The memory system asserts RACEn to indicate to the processor that it has
(or will have) data on the A/D bus to be sampled. The earliest that RACEn can
be detected by the processor is the rising edge of SysClk after it has turned the
bus around (start of phase 1 of the second clock cycle of the read).

If RACEn is detected as asserted (with adequate setup and hold time to the
rising edge of SysClIk), the processor will capture (with proper setup and hold
time) the contents of the A/D bus on the immediately subsequent falling edge
of SysClk. This captures the datain the internal read buffer for later processing
by the execution core/cache subsystem.

Figure 8.3 illustrates the sampling of data by an R3081.
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Figure 8.3. Data Sampling on R3051/52

Terminating the Read
There are actually three methods for the external memory system to
terminate an ongoing read operation:

e Itcansupply an Ack (acknowledge) to the processor, toindicate that it has

sufficiently processed the read request and has or will supply the
requested data in a timely fashion. Note that Ack may be signalled to the
processor “early”, to enable it to begin processing the read data even while
additional data is brought from the A/D bus. This is applicable only in
quad word read operations.
To simplify design, half-frequency mode has been constructed toreference
Ack in bus cycles. That is, the system will return Ack in half-frequency
mode with the same timing as it would for a processor running in full-
frequency mode but at half the clock rate. The processor will internally
synchronize the Ack signal to compensate for the speed difference
between the CPU and the bus.

¢ It can supply a BusError to the processor, to indicate that the requested
data transfer has “failed” on the bus, and force the processor to take a bus
error exception. Although the system interface behavior of the processor
when BusError is presented is similar to the behavior when Ack is
presented, no data will actually be written into the on-chip cache. Rather,
the cache line will either remain unchanged, or will be invalidated by the
processor, depending on howmuch of theread has already been processed.

* The external memory system can supply the requested data, using RACEn
to enable the processor to capture data from the bus. The processor will
“count” the number of times RACEn is sampled as asserted; once the
processor counts that the memory system has returned the desired
amount of data (one or four words), it will implicitly “acknowledge” the
read at the same time that it samples the last required RACEn. This
approachleads to a simpler memory design at the cost oflower performance.

Throughout this chapter, method one will be illustrated. The other casescan
easily be extrapolated from these diagrams (for example, the system designer
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can assume that Ack is asserted simultaneous with the last RACEn of a read
transfer).

There are actually two phases of terminating the read: there is the phase
where the memory system indicates to the processor that it has sufficiently
processed the read request, and the internal read buffer can be released to
begin refilling the internal caches; and there is the phase in which the read
control signals are negated by the processor bus interface unit. The difference
between these phases is due to block refill: it is possible for the memory system
to “release” the execution core even though additional words of the block are
still required; in that case, the processor will continue to assert the external
read control signals until all four words are brought into the read buffer, while
simultaneously refilling/executing based on the data already brought on
board.

Figure 8.4 shows the timing of the control signals when the read cycle is
being terminated. This figure applies regardless of the bus-frequency setting.
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Figure 8.4. Read Cycle Termination

Latency Between Processor Operations

In general, the processor may begin a new bus activity in the phase
immediately after the termination of the read cycle. This operation may
logically be either a read, write, or bus grant. In full-frequency mode, there are
no cases where aread operation can be signalled by the internal execution core
in order to cause a read to start in the very next cycle after a read is terminated.
However, a write may occur in this cycle. Similarly, in half-frequency mode,
the cycle immediately after a read may be either a read or a write.

It is important that the external memory system cease to drive the bus prior
to this clock edge used to begin a new transaction. In order to simplify design,
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the processor provides the DataEn output, which can be used to control either
the Output Enable of the memory device (presuming its tri-state time is fast
enough), or to control the Output Enable of a buffer or transceiver between the
memory device data bus and the processor A/D bus. The use of this signal is
illustrated in Figure 8.5.
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Decode
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Figure 8.5. Use of DataEn as Output Enable Control

In addition, the system designer can choose to enable the slow bus
turnaround mode of the R3081, through the Config register. If this mode is
enabled, the processor will guarantee a minimum of one idle clock cycle after
a read and before another transaction is begun.
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Figure 8.6(a). Internal Processor States on Burst Read (Full Frequency Mode)

Processor Internal Activity

In general, the processor will execute stall cycles until Ack is detected. It will
then begin the process of refilling the internal caches from the read buffer. Note
that in the case of half-frequency mode, the processor uses an internal Ack
(TAck) to control this event. IAckis generated from the external Ack with timing
that depends on the type of transfer. In general, if the timing of the external
Ack is proper for a full frequency bus with a processor at half the speed, the
internal Ack will insure proper timing of the read-buffer/cache interface. The
TAck signal is internally delayed by n processor clock periods from the external
Ack, where n is the number of data items read (one or four).

The system designer should consider the difference between the time when
the memory interface has completed theread, and when the processor core has
completed the read. The bus interface may have successfully returned all of
the required data, but the processor core may still require additional clock
cycles to bring the data out of the read buffer and into the caches. Figure 8.6
(a, b) illustrates the relationship between Ack and the internal activity for a
blockread. Figure 8.6 (a) shows the timing for a full frequency interface; figure
8.6 (b) shows the timing for a half-frequency bus interface, and shows the
relationship of TAck to Ack.
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Figure 8.6(b). Internal Processor States on Burst Read (Half Frequency Mode)




CHAPTER 8

READ INTERFACE

These figures illustrate that the processor may perform either a stream,
fixup, or refill cycle in cycles in which data is brought from the read buffer. The
difference between these cycles is defined as:

¢ Refill. Arefill cycleis a clock cycle in which data is brought out of the read

buffer and placed into the internal processor cache. The processor does
not execute on this data.

Fixup. A fixup cycle is a cycle in which the processor transitions into
executing the incoming data. It can be thought of as a “retry” of the cache
cycle which resulted in a miss.

Stream. A stream cycle is a cycle in which the processor simultaneously
refills the internal cache and executes the instruction brought out of the
read buffer.

When reading the block from the read buffer, the processor will use the
following rules:

For uncacheable references, the processor will bring the single word out
of the read buffer using a fixup cycle.

For data cache refill, it will execute either one or four refill cycles, followed
by a fixup cycle.

For instruction cache refill, it will execute refill cycles starting at word zero
until it encounters the miss address, and then transition to a fixup cycle.
It will then execute stream cycles until either the entire block is processed,
or an event stops execution. If something causes execution to stop, the
processor will process the remainder of the block using simple refill cycles.
For example, Figure 8.7 illustrates the refill/fixup/stream sequence
appropriate for a miss which occurs on the second word of the block (word
address 1).

Although this operation is transparent to the external memory system, it is
important to understand this operation to gauge the impact of design trade-offs
on performance.
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Figure 8.7. Instruction Streaming Example (Full Frequency Mode)
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READ TIMING DIAGRAMS

This section illustrates a number of timing diagrams applicable to R3081
read transactions. These diagrams reference AC parameters whose values are
contained in the R3081 data sheet. Many of these timing diagrams also show
che internal processor activity, assuming full frequency bus mode. In half-
frequency mode, additional stall cycles would be incurred; however, the
external timing shown would be unchanged.

Single Word Reads

Figure 8.8illustrates the case of a single word read which did not require wait
states. Thus, Ack was detected at the rising edge of SysCIk which occurred
exactly one clock cycle after the rising edge of SysClk which asserted Rd. Data
was sampled one phase later, and Rd and DataEn disabled from that falling
edge of SysClk. Thus, in full frequency mode, the execution core required three
stall cycles and a fixup to process the internal data.
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Figure 8.8. Single Word Read Without Bus Wait Cycles
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Figure 8.9 also illustrates the case of a single word read. However, in this
figure, two bus wait cycles were required before the data was returned. Thus,
tworising edges of SysCIk occurred where neither RACEn or Ack were asserted.
On the third rising edge of SysClk, RACEn was asserted. Optionally, Ack could
also be asserted at this time, although it is not strictly necessary.
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Figure 8.9. Single Word Read With Bus Wait Cycles
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Block Reads

Figure 8.10 illustrates the absolute fastest block read. The first word of the
block is returned in the second cycle of the read; each additional word is
returned in the immediately subsequent clock cycle. Thus, Ack can be
returned simultaneously with the first RACEn, to minimize the number of
processor stall cycles.

Note that although Ack is brought in the first data cycle, a number of clock
cycles are required before the processor negates the Rd control output. Thus,
the system designer is assured that Rd remains active as long as the processor
continues to expect data.
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Figure 8.11(a). Start of Burst Read With Initial Wait Cycles

Figure 8.11 (a, b) illustrates a block read in which bus wait cycles are
required before the first word is brought to the processor, but in which
additional words can be brought in at the bus clock rate. Thus, as with the no
wait cycle operation, Ack is returned simultaneously with the first RACEn.
Figure 8.11 (a) illustrates the start of the block read, including initial wait
cycles to the first word; Figure 8.11 (b) illustrates the activity which occurs as
data is brought onto the chip and the read is terminated.
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Figure 8.12(a). First Two Words of "Throttled" Quad Word Read

Figure 8.12 (a, b) illustrates a block read in which bus wait cycles are
required before the first word is returned, and in which wait cycles are required
between subsequent words: figure 8.12 (a) illustrates the first two words of the
block being brought on chip; figure 8.12 (b) illustrates the last two words of the
read, including the optimum timing of Ack, and the negation of the read control

signals.
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Figure 8.12(b). End of Throttled Quad Word Read

In this diagram, the memory system returns Ack according to when the
processor will empty the read buffer (assuming full frequency bus mode). As
shown in figure 8.12(b), the optimum time for the memory system toreturn Ack
is five cycles prior to when the execution core requires the fourth word (in full
frequency mode). That is, for a quad word read, Ack should be returned four
cycles before the fourth word is provided by the memory system to the read
buffer. This "four-cycles" rule applies regardless of the bus frequency setting
selected. As a finalnote, the system designer should also insure that the third,
second, etc. words of the read cycle are available to the read buffer before the
execution core removes them to the caches.
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Bus Error Operation

Figure 8.13 is a modified version of Figure 8.9 (single word read with wait
cycles), in which BusError is used to terminate the read cycle. In this diagram,
note that RACEn does not need to be asserted, since the processor will insure
that the contents of the A/D bus do not get written into the cache or executed.
In single word reads, BusError can be asserted anytime up until Ack is
asserted. If BusError and Ack are asserted simultaneously, the BusError will
be processed; if BusError is asserted after Ack is sampled, it will be ignored.

Figure 8.14 shows the impact of BusError on block reads. The assertion of
BusError is allowed up until the assertion of Ack. Once BusError is asserted
(sampled on a rising edge of SysClk), the read cycle will be terminated
immediately, regardless of how many words have been written into the read
buffer. Note that this means that the external memory system should stop
cycling RACEn at this time, since a late RACEn may be erroneously detected
as part of a subsequent read. Note that if BusError and Ack are asserted
simultaneously, BusError processing will occur. If BusError is asserted after
Ack, the BusError will be ignored.
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Figure 8.13. Single Word Read Terminated by Bus Error
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Figure 8.14. Block Read Terminated by Bus Error
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WRITE INTERFACE CHAPTER 9

INTRODUCTION

The write protocol of the R3081 has been designed to complement the read
interface of the processor. Many of the same signals are used for both reads
and writes, simplifying the design of the memory system control logic.

This chapter includes both an overview of the write interface as well as
provides detailed timing diagrams of the write interface.

IMPORTANCE OF WRITES IN R3081 SYSTEMS

The design goal of the write interface was to achieve two things:

Insure that a relatively slow write cycle does not unduly degrade the
performance of the processor. To this end, a four deep write buffer has
been incorporated on chip. The role of the write buffer is to decouple the
speed of the memory interface from the speed of the execution engine. The
write buffer captures store information (data, address, and transaction
size) from the processor at its clock rate, and later presents it to the
memory interface at the rate it can perform the writes. Four such buffer
entries are incorporated, thus allowing the processor to continue execution
even when performing a quick succession of writes. Only when the write
bulffer is filled must the processor stall; simulations have shown that
significantly less than 1% of processor clock cycles are lost to write buffer
full stalls.

Allow the memory system to optimize for fast writes. To this end, anumber
of design decisions were made: the WrNear signal is provided to allow page
mode writes to be used in even simple memory systems; the A/D bus
presents the data to be written in the second phase of the first clock cycle
of a write transaction; and writes can be performed in as few as two clock
cycles.

Although it may be counter-intuitive, the majority of bus traffic will in fact
be processor writes to memory. This can be demonstrated if one assumes the
following;:

Instruction Mix:
ALU Operations 55%
Branch Operations 15%
Load Operations 20%
Store Operations 10%

Cache Performance
Instruction Hit Rate 98%
Data Hit Rate 96%

Under these assumptions, in 100 instructions, the processor would
perform:

2 Reads to process instruction cache misses on instruction fetches
4% x 20 = 0.8 reads to process data cache misses on loads

10 store operations to the write through cache

Total: 2.8 reads and 10 writes
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Thus, in this example, over 75% of the bus transactions are write operations,
even though only 10 instructions were store operations, vs. 100 instruction
fetches and 20 data fetches.

TYPES OF WRITE TRANSACTIONS

Unlike instruction fetches and data loads, which are usually satisfied by the
on-chip caches and thus are not seen at the bus interface, all write activity is
seen at the bus interface as single write transactions. There is no such thing
as a “burst write”; the processor performs a word or subword write as a single
autonomous bus transaction; however, the WrNear output does allow successive
write transactions to be processed using page mode writes. Thisis particularly
important when “flushing” the write buffer before performing a data read.

Thus, there really is only one type of write transaction: however, the memory
system may elect to take advantage of the assertion of WrNear during a write
to perform quicker write operations than would otherwise be performed.
Alternately, a high-performance DRAM controller may utilize a different
strategy for performing page mode transactions (read or write) to the DRAM.

In processing writes, there is only one parameter of interest: the latency of
the write. This latency is influenced by the overall system architecture as well
as the type of memory system being addressed: time required to perform
address decoding and bus arbitration, memory pre-charge requirements, and
memory control requirements, as well as memory access time. WrNear may be
used to reduce the latency of successive write operations within the same
DRAM page.

The R3051 family has been designed to accommodate a wide variety of
memory system designs, including no wait cycle operations (write completed
in two cycles) through simpler, slower systems incorporating many bus wait
cycles.

Partial Word Writes

When the processor issues a store instruction which stores less than a 32-
bit quantity, a partial word store occurs. The R3051 family processes partial
word stores using a two clock cycle sequence:

It attempts a cache read to see if the store address is cache resident. If
it is, it will merge the partial word with the word read from the cache, and
write the resulting word back into the cache.

It will use a second clock cycle to allow the write buffer to capture the data
and target address and update the cache if appropriate. If the store target
word was cache resident, a full word write will be processed. Otherwise,
only the partial word write will be seen on the bus.
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WRITE INTERFACE SIGNALS
The write interface uses the following signals:

Wr o
This output indicates that a write operation is occurring.
A/D (31:0) o

During write operations, this bus is used to transmit the write target
address to the memory system, and is also used to transmit the store data
to the memory system. Its function is de-multiplexed using other control
signals.

During the addressing portion of the write transaction, this bus contains
the following:

Address(31:4)  The upper 28 bits of the write address are presented
on A/D (31:4).

BE(3:0) The byte strobes for the write transaction are presented
on A/D(3:0).

During the data portion of the write transaction, the A/D bus contains the
store data on the appropriate data lines, as indicated by the BE strobes
during the addressing phase.

ALE o

This output signal is typically connected directly to the latch enable of
transparent latches. Latches are typically used to de-multiplex the
address and Byte Enable information from the A/D bus.

Addr(3:2) o

The remaining bits of the transfer address are presented directly on these
outputs. During write transactions, these pins contain Address (3:2) of
the transfer address.

Diag(1) o

Diagnostic Pin 1. On write cycles, this output signals whether the data
being written was retained in the on-chip data cache. The value of this pin is
time multiplexed:

Cached: During the address phase of write operations, this
signal is an active high output which indicates that the
store data was retained in the on-chip data cache.

Reserved: The value of this pin during the data phase of writes is
reserved.
Diag(0) o

Diagnostic Pin 0. During write cycles, the value of this pin during both the
address and data phase is reserved.
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DataEn o)
This output will remain high throughout the write transaction. It is
typically used by the memory system to enable output drivers; the CPU
will maintain this output as high throughout write transactions, thus
disabling memory system output drivers.

WrNear (0]

This output is driven valid during the addressing phase of the write
transaction. It is asserted if:

1: The store target address of this write operation has the same
Addr(31:11) as the previous write transaction, and

2: Noread or DMA transaction has occurred since the last write.

If one or both of these conditions are not met, the WrNear output will not
be asserted during the write transaction.

Ack I
Acknowledge is used by the memory system to indicate that it has
sufficiently processed the write transaction, and that the CPU may

terminate the write transaction (and cease driving the write data).

BusError I

This input can also be used to terminate a write operation. BusError

asserted during a write will not cause the processor to take a BusError

exception. Ifthe system designer would like the occurrence of a BusError

to cause a processor exception, he must use it to externally generate an
interrupt to the processor. Write transactions terminated by BusError do
not require the assertion of Ack. BusError can be asserted at any time the
processor is looking for Ack to be asserted, up to and including the cycle
in which the memory system does signal Ack.
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WRITE INTERFACE TIMING OVERVIEW

The protocol for transmitting data from the processor to memory and I/O
devices is discussed below. Note that the choice between half- and full-
frequency mode for the bus interface does not affect the timing diagrams.

Initiating the Write

A write transaction occurs when the processor has placed data into the write
buffer, and the bus interface is either free, or write has the highest priority.
Internally, the processor bus arbiter uses the NotEmpty indicator from the
write buffer to indicate that a write is being requested.

Assuming that the write transaction can be processed (that is, there are no
ongoing bus operations, and no higher priority operations pending), the
processor will initiate a bus write transaction on the next rising edge of SysClk.
Higher priority operations would have the effect of delaying the start of the
write.

Figure 9.1 (a) illustrates the initiation of a write transaction, based on the
internal negation of the WbEmpty control signal. This figure applies when the
processor is performing a write, and the write buffer is otherwise empty, and
further assumes that the bus interface uses the full frequency mode of
operation. In half-frequency mode, the MemWr and WbEmpty signals would
still be asserted with the timing shown in figure 9.1; however, the bus interface
unit arbitration would actually take place in the next PhiClk, and thus the write
would not be begun until one cycle later. This is shown in figure 9.1 (b).

s Run
tore (Arbitration) Run

2 A
-\ /
/

/

PhiClk

SysClk

(¢

MemWr

WbEmpty

Wr

WrNear

ALE U
A/D(31:0) > ( Addr Data

AddressI Drive !
Mem. Data

4000 drw 61
Figure 9.1 (a). Start of Write Operation — BIU Arbitration
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S Run
tore Run (Arbitration) Run

WrNear

ALE

A/D(31:0) >< Addr >< Data

Address Drive
Mem. Data

Figure 9.1 (b). Start of Write Arbitration - Half-frequency Mode

If the write buffer already had data in it, it would continually request the use
of the bus until it was emptied; it would be up to the bus interface unit arbiter
to decide the priority of the request relative to other pending requests.
Additional stores would be captured by other write buffer entries, until the
write buffer was filled.

Memory Addressing

Awrite transaction begins when the processor asserts its Wr control output,
and also drives the address and other control information onto the A/D and
memory interface bus. Figure 9.2 illustrates the start of a processor write
transaction, including the addressing of memory and presenting the store data
on the A/D bus.

The addressing occursin a half-cycle of the SysClk output. Attherising edge
of SysCIk, the processor will drive the write target address onto the A/D bus.
At this time, ALE will also be asserted, to allow an external transparent latch
to capture the address. Depending on the system design, address decoding
could occur in parallel with address de-multiplexing (that is, the decoder could
start on the assertion of ALE, and the output of the decoder captured by ALE},
or could occur on the output side of the transparent latches. During this phase,
WrNear will also be determined and driven out by the processor.
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Figure 9.2. Memory Addressing and Start of Write

Data Phase
Once the A/D bus has presented the address for the transfer, the address
isreplaced on the A/D bus by the store data. This occurs in the second phase
of the first bus clock cycle of the write transaction, as illustrated in Figure 9.2,
The processor enters the data phase by performing the following sequence
of events:

* It negates ALE, causing the transparent address latches to capture the
contents of the A/D bus.

¢ Itinternally captures the data in a register in the bus interface unit, and
enables this register onto its output drivers on the A/D bus. The
processor design guarantees that the ALE is negated prior to the address
being removed from the A/D bus.

Thus, the processor A/D bus is driving the store data by the end of the
second phase of the write transaction. At this time, it begins tolook for the end
of the write cycle.
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Terminating the Write
There are only two methods for the external memory system to terminate a
write operation:

* Itcansupply an Ack (acknowledge) to the processor, toindicate that it has
sufficiently processed the write request, and the processor may terminate
the write.

¢ It can supply a BusError to the processor, to indicate that the requested
data transfer has “failed” on the bus. The system interface behavior of the
processor when BusError is presented is identical to the behavior when
Ack is asserted. In the case of writes terminated by BusError, no
exception is taken, and the data transfer cannot be retried.

Figure 9.3 shows the timing of the control signals when the write cycle is
being terminated.

SysCk — /] ui

t
= k| F
Ack L t14
New Cycle
A/D(31:0) <
— 4
Wr — Z
Hs
_ 4
WrNear V4

ALE Z N\
Addr(3:2) X

Ack Ne\ﬁate Start New
r Transaction

Figure 9.3. End of Write

Latency Between Processor Operations

In general, the processor may begin a new bus activity in the phase
immediately after the termination of the write cycle. This operation may be
either a read, write, or bus grant.

Since a new operation may begin one clock cycle after Ack is sampled , it is
important that the external memory system not rely on the store data still being
present on the bus at this time.

Note that the slow bus turn-around mode does not impact the latency after
awrite cycle. This is because the R3081 retains control of the A/D bus during
the entire write cycle, and thus there is no concern about one driver turning
off before another turns on.

4000 drw 63
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Write Buffer Full Operation

It is possible that the execution core on occasion may be able to fill the on-
chip write buffer. If the processor core attempts to perform a store to the write
buffer while the buffer is full, the execution core will be stalled by the write
buffer until a space is available. Once space is made available, the execution
core will use a fixup cycle to “retry” the store, allowing the data to be captured
by the write buffer. It will then resume execution.

The write buffer can actually be thought of as “four and one-half” entries: it
contains a special data buffer which captures the data being presented by an
ongoing bus write transaction. Thus, when the bus interface unit begins a
write transaction, the write buffer slot containing the data for that write is freed
up in the second phase of the write transaction. If the processor was in a write
busy stall, it will be released to write into the now available slot at this time,
regardless of how long it takes the memory system to retire the ongoing write.

This operation is illustrated in figure 9.4 for a full-frequency bus unit. At
half-frequency, the WbFull is negated one PhiClk later (based on the longer
address phase), and thus one extra stall cycle is encountered.

Write Start
Busy Write Stall Stall Fixup Run
Stall (Arbitration)

S\ A2 N 2 N 2
sov | /| \ I\
MemWr /——

A

PhiClk

WoEdT /

WrNear

ALE

< Addr Data

1
Address Drive
Mem. Data

N

A/D(31:0)

4000 drw 64

Figure 9.4. Write Buffer Full Operation
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WRITE TIMING DIAGRAMS

This section illustrates a number of timing diagrams applicable to R3051
family writes. The values for the AC parameters referenced are contained in
the R3081 data sheet.

Basic Write

Figure 9.5 illustrates the case of a write operation which did not require bus
wait states. Thus, Ack was detected at the rising edge of SysClk which occurred
exactly one clock cycle after the rising edge of SysCIk which asserted Wr.

Figure 9.6 also illustrates the case of a basic write. However, in this figure,
two bus wait cycles were required before the data was retired. Thus, two rising
edges of SysCIk occurred where Ack was not asserted. On the third rising edge
of SysCIk, Ack was asserted, and the write operation was terminated.
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Figure 9.5. Bus Write With No Wait Cycles
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Bus Error Operation

Figure 9.7 is a modified version of Figure 9.6 (basic write with wait cycles),
in which BusError is used to terminate the write cycle. If BusError and Ack
are asserted simultaneously, the BusError will be processed.

No exception is taken because such an exception would violate the precise
exception model of the processor. Since writes are buffered, the processor
program counter will no longer be pointing to the address of the store
instruction which requested the write, and other state information of the
processor may have been changed. Thus, if the system designer would like the
processor core to take an exception as a result of the bus error, he should
externally latch the BusError signal, and use the output of the latch to cause
an interrupt to the processor.
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Figure 9.7. Bus Error on Write
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DMA INTERFACE and CHAPTER 10
CACHE COHERENCY

INTRODUCTION

The R3081 contains provisions to allow an external agent to remove the
processor from its memory bus, and thus perform transfers (DMA). These
provisions use the DMA arbiter to coordinate the external request for mastership
with the CPU read and write interface.

The DMA arbiter interface uses a simple two signal protocol to allow an
external agent to obtain mastership of the external system bus. Logic internal
to the CPU synchronizes the external interface to the internal arbiter unit to
insure thatno conflicts between the internal synchronousrequesters (read and
write engines) and external asynchronous (DMA) requester occurs.

The R3081 also allows the system designer to utilize hardware based cache
coherency. Thus, if an external DMA master updates main memory, appropriate
lines in the processor data cache may be invalidated, insuring that there is no
stale data, and avoiding software directed cache flushing. The cache coherency
mechanisms of the R3081 are also described in this chapter.

INTERFACE OVERVIEW

An external agentindicates the desire to perform DMA requests by asserting
the BusReq input to the processor. Non-coherent DMA requests have the
highest priority, and thus, once the request is detected, is guaranteed to gain
mastership at the next arbitration; for coherent DMA requests, the read buffer
must be emptied to the caches and the write buffer contents written to main
memory before the bus is granted, to insure memory coherency.

The CPU indicates that the external DMA cycle may begin by asserting its
BusGnt output on the rising edge of SysClk. During DMA cycles, the processor
holds the following memory interface signals in tri-state:

A/D Bus

Addr(3:2) o

Interface control signals: Rd, Wr, DataEn, Burst/WrNear, and ALE
Diag(1:0)

e o o o

Thus, the DMA master can use the same memory control logic as that used
by the CPU; it may use Burst, for example, to obtain a burst of data from the
memory; it may use RdACEn to detect whether the memory has satisfied its
request, etc. Thus, DMA can occur at the same speed at which the R3081
allows data transfers on its bus (a peak of one word per clock cycle). During
DMA cycles, the processor can continue to operate out of cache until it requires
the bus; alternately, hardware based cache coherency can be used to avoid
stale data; however, the execution core will be stalled to allow maximum
invalidation bandwidth.

The external agent indicates that the DMA transfer has terminated by
negating the BusReq input to the processor, which is sampled on the rising
edge of SysClk. BusGnt is negated on a falling edge of SysCIk, so that it will
be negated before the assertion of Rd or Wr for a subsequent transfer. On the
next rising edge of SysClk, the processor will resume driving tri-stated signals.
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DMA ARBITER INTERFACE SIGNALS
BusReq I

This signal is an input to the processor, used to request mastership of the
external interface bus. Mastership is granted according to the assertion of this
input, and taken back based on its negation.
BusGnt o

This signal is an output from the processor, used to indicate that it has
relinquished mastership of the external interface bus.
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NON-COHERENT DMA ARBITRATION TIMING DIAGRAMS

These figures reference AC timing parameters whose values are contained
in the R3081 data sheet.

Initiation of DMA Mastership

Figure 10.1 shows the beginning of a DMA cycle. Note that if BusReq were
asserted while the processor was performing a read or write operation, BusGnt
would be delayed until the next bus slot after the read or write operation is
completed.

Toinitiate DMA, the processor must detect the assertion of BusReqwith proper
set-up time to SysClk. Once BusReq is detected, and the bus is free, the
processor will grant control to the requesting agent by asserting its BusGnt
output, and tri-stating its output drivers, from a rising edge of SysClk. The bus
will remain in the control of the external master until it negates BusReq,
indicating that the processor is once again the bus master.
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Figure 10.1. Bus Grant and Start of DMA Transaction
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Relinquishing Mastership Back to the CPU

Figure 10.2 shows the end of a DMA cycle. The next rising edge of SysClk
after the negation of BusReq is sampled may actually be the beginning of a
processor read or write operation.

To terminate DMA, the external master must negate the processor BusReq
input. Once this is detected (with proper setup and hold time), the processor
will negate its BusGnt output on the next falling edge of SysCIk. It will also re-
enable its output drivers. Thus, the external agent must disable its output
drivers by this clock edge, to avoid bus conflicts.
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Figure 10.2. Regaining Bus Mastership
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HARDWARE-BASED CACHE COHERENCY

The R3081 provides support for hardware based cache coherency. Specifically,
during DMA writes, the processor can be directed to invalidate the cache line(s)
corresponding to the current DMA writes. Thus, when the DMA master
updates main memory, software referencing the memory will miss in the cache,
and thus get the current value from memory.

The cache coherency mechanisms of the R3081 were designed principally to
support cache coherency in a multi-master, DMA environment. Tightly
coupled symmetric multiprocessing requires a great deal more support, and is
best performed by the R4000MC processor.

The basic operation of the R3081 coherency involves the use of two input
signals, used to signal to the R3081 that it should invalidate a given data cache
line.

The system designer selects cache coherency by enabling the coherent DMA
feature at reset time. If this feature is not enabled, the R3081 will continue to
operate out of its internal cache during DMA, until it needs access to the
external bus, thus maintaining strict compatibility with the R3051. In this
case, the coherency interface signals will not be monitored, and the system
designer does not need to worry about driving them to a particular polarity.

If the coherent interface is enabled, the processor will stall to allow
maximum cache invalidation bandwidth. During DMA cycles, it will monitor
the ALE signal, and capture the external address (A/D and Addr busses) at the
start of a write transfer. It will then monitor the IvdReq input; if the IvdReq
inputis asserted, the processor will invalidate the data cache word corresponding
to the current DMA write target address.

The R3081 also supports invalidation during burst DMA write transfers. A
burst DMA write will use a single address cycle and multiple data cycles, thus
achieving maximum write bandwidth. The R3081 will capture the starting
address at the initiation of the transfer cycle. Every time the memory system
signals Ack (to indicate that the current word has been written), the current
write target address inside the R3081 will be incremented. Thus, the R3081
always knows the current write target address.

During burst DMA writes, if the memory system asserts the IvdReq, the
R3081 will then invalidate the data cache line corresponding to the current
write target address. Thus, the cache coherency mechanism can be used to
invalidate a sequence of data cache lines during burst DMA writes.

System performance will be augmented if an external secondary cache is
used. This cache would be constructed to be a superset of the on-chip caches;
thus, cache line snoop would occur in the secondary cache. The system could
then request that only lines it knows to be cache resident would be invalidated.

Alternately, the system designer could hold IvdReq low during all coherent
DMA writes; the R3081 will then blindly invalidate cachelines that may (or may
not) be affected by the current DMA write.

10-5



CHAPTER 10

DMA ARBITER INTERFACE

CACHE COHERENCY INTERFACE SIGNALS

The following signals are used by the R3081 cache coherency mechanism:
These signals are in addition to the DMA arbitration signals described earlier.

ALE I

Address Latch Enable: This signal is used by the external DMA controller
to indicate that a DMA target address is currently available on the A/D bus.
The R3081 uses the trailing edge of ALE to capture the write target address, and
uses that as the target address for the potential cache invalidate.

Wr I

Write: This signal is used by the external DMA controller to signal that the
current transfer is a DMA write. The processor only performs cache coherency
operations during cycles in which the DMA controller is updating main memory
(writing).

Ack I

Acknowledge: This signal is used by the memory system to indicate that
it has retired the current write. During burst DMA writes, the processor uses
this information to advance its burst invalidate address counter.

A/D(31:0) I

Address/Data: This bus contains part of the target address for the DMA
transfer. At the start of a DMA write, the R3081 captures the target address
on the falling edge of ALE.

Addr(3:2) I

Address/Data: This 32-bit bus contains the target address for the DMA
transfer. At the start of a DMA write, the R3081 captures the target address
on the falling edge of ALE.

IvdReq I

Invalidate Request: Thisinput signals to the R3081 that it must invalidate
the data cache line corresponding to the current DMA write. This input, which
is the same signal pin as Diag(0), is only sampled under the following
conditions:

. Coherent DMA enabled via reset vector

o Current DMA request indicated potential coherency requests

o Current DMA transfer is a write (Wr is asserted)

e In the current cycle, Ack is also asserted to indicate completion of the

current DMA write transfer.

If all of these conditions are met, the corresponding data cache word will be
invalidated.

CohReq I

Coherent DMA Request: This input is sampled along with the BusReq
input, to request external mastership of the R3081 bus. Coherent DMA
requests differ from other DMA requests in that the processor will:

. Update the cache with the contents of the read buffer

. Update memory with all pending writes

e  Stall the execution core

All of this activity will occur prior to asserting the BusGnt output to the
external requester. Note that this signal uses the pin indicated as Rsvd(0) in
the R3051. Thisinputis only sampledif Coherent DMA is enabled at reset time.
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CACHE COHERENCY OPERATIONS TIMING
The following timing diagrams reference AC parameters contained in the
R3081 data sheet.

Initiating Coherent DMA

Coherent DMA is requested at the same time the external DMA master
requests bus mastership. Coherent DMA isrequested by asserting the CohReq
input at the same time that the BusReq input is asserted, as shown in figure
10.3. In the case of a coherent DMA request, the R3081 must perform some
memory system housekeeping before granting bus mastership, in order to
insure that the caches and main memory are consistent with each other and
the current program state, and to support maximum cache invalidation
bandwidth.

If a coherent DMA request is detected, the R3081 will complete its current
bus cycle, and then insure that memory is made consistent with the on-chip
caches before the bus is granted. Thus, the R3081 will insure that data
pending in the read buffer is brought into the cache; if that data was the result
of an instruction cache miss, normal instruction streaming will occur, and in
fact the processor may generate additional store data.

Once the read buffer is brought into the cache, the CPU core is stalled and
pending writes areretired tomemory. During streaming, additional writes may
have been generated; the R3081 will insure that these too are updated into
main memory. Note that since the processor core is effectively stalled, no other
read requests can be generated.

At this point, the processor core is stalled in anticipation of potential
invalidates, the read buffer is empty, and memory is current with the on-chip
caches. The R3081 will then assert BusGnt as for a normal DMA mastership
grant.

The assertion of BusGnt after BusReq is thus highly dependent on the
internal state of the processor when the coherent DMA request was asserted,
as well as the speed with which memory can retire the pending writes.

Note that once BusReq is asserted, the value of CohReq must be stable until
the request is granted, and until BusReq is negated to end the external
mastership.
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Figure 10.3. Requesting Coherent DMA
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Capturing Write Target Address

The R3081 will monitor the address bus (specifically A/D(12:4) and Addr(3:2))
during coherent DMA cycles. If, in a given cycle, ALE and Wr are asserted, the
R3081 will capture the contents of the address bus in its internal invalidate
address counter, according to figure 10.4. Note that the timing used by the
R3081 is basically compatible with its own bus timing; that is, if the DMA
master uses timing similar to the timing of the R3081, the R3081 is guaranteed
to be able to capture the A/D bus.
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Figure 10.4. Capturing Write Target Address During Coherent DMA
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Invalidating the Data Cache Word

If the external memory system determines that the data cache word
corresponding to the current write should be invalidated, it will assert its
IvdReq input in the same cycle the memory system asserts Ack, as shown in
figure 10.5. The DMA master may determine that an invalidate is required by
examining an external snoop cache; alternately, it may blindly assert the
IvdReq input based on address decoding, preprogramming, or some other
system specific rule.

Requesting aninvalidation causes the R3081 toinvalidate the corresponding
data cache word, as shown in figure 10.5.

Regardless of whether an invalidation was requested, Ack will cause the
R3081 toincrement its internal invalidate counter, as shown in figure 10.5. Of
course, if an invalidate was also requested, the R3081 will insure that the
appropriate data cache word is invalidated before the address is incremented.

This feature is provided to support burst invalidation during burst DMA
writes. Although the R3081 bus does not explicitly define a burst write
protocol, one could easily be built from the bus protocol in place. The R3081
assumes that a burst write protocol would involve a single ALE cycle to
establish the initial address, and an Ack provided with each word transferred.
The R3081 cache coherency protocol thus uses Ack to increment the current
invalidate address. The protocol is flexible enough to support burst writes of
any length. A single word write is a subset of this burst write protocol.

The R3081 supports an invalidation per bus cycle during burst DMA writes.
During single DMA writes, the R3081 cache coherency protocol will support the
maximum write rate of the R3081; that is, a single word write in a minimum
of two cycles, with a new single word write initiated immediately after the
completion of the current write. Obviously, slower write protocols can also be
supported.
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Figure 10.5. Invalidating Current Data Cache Word and Incrementing Invalidate Address
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Ending the Current Write
Once a coherent DMA request has been made, it is possible for the memory
system to perform multiple reads and writes within one arbitration. The R3081
must recognize the end of the write cycle, to avoid spurious invalidations of the
Data cache. Thus, the DMA master must insure that the Wr signal is negated
with proper setup and hold time characteristics, as shown in figure 10.6
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Figure 10.6. Terminating a Coherent Write Sequence
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Terminating the Coherent DMA

The R3081 requires that the CohReq input remain stable through the entire
DMA mastership cycle; that is, if the initial DMA request also indicated
coherency, CohReq must remain asserted the entire time that BusReq is

asserted.

Figure 10.7 shows the negation of BusReq and CohReq.

SysClk
BusReq
CohReq
BusGnt
A/D(31:0)
Addr(3:2)
Diag(1:0)
Rd

Wr

ALE

Burst/

17“’

WrNear

haannr

Figure 10.7. Terminating Coherent DMA
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RESET INITIALIZATION CHAPTER 11
AND INPUT CLOCKING

INTRODUCTION

This chapter discusses the reset initialization sequence required by the
R3081. Also included is a discussion of the mode selectable features of the
processor, and of the software requirements of the boot program.

There are a small number of selectable features in the R3081. These mode
selectable features are determined by the polarity of the appropriate Interrupt
inputs when the rising edge of Reset occurs.

RESET TIMING

Unlike the R3000, which requires the use of a state machine during the last
four cycles of reset to initialize the device and perform mode selection, the
R3081 requires a very simple reset sequence. There are only two concerns for
the system designer:

¢ The set-up time and hold requirements of the interrupt inputs (mode
selectable features) with respect to the rising edge of Reset are met.

¢ The minimum Reset pulse width is satisfied.

MODE SELECTABLE FEATURES

The R3081 has features which are determined at reset time. This is done
using a latch internal to the CPU: this latch samples the contents of the
Interrupt bus (Int(5:3) and SInt(2:0)) at the negating edge of Reset. The
encoding of the mode selectable features on the interrupt bus is described in
Table 11.1.

Interrupt Pin Mode Feature
Int(5) CoherentDMAEn
Int(@) 1xClockEn
Int(3) Half-frequency Bus
SInt(2 DBlockRefill
Sint(1 Ti-State
SInt(0 BigEndian

4000 tbl 23
Table 11.1. R3081 Mode Selectable Features
CoherentDMAEn
If asserted (active low), then the cache coherent interface described in
chapter 10 is enabled. If negated (high), then R3051 compatible DMA is
performed, and the coherent DMA signals are ignored. In R3051 systems, this
mode vector was reserved and thus this will be high, insuring R3051
compatibility.

1xClockEn

If asserted (active low), the input clock is a 1x clock at the processor
execution rate. If negated (high), then the input clock is a 2x clock at twice the
execution rate. This mode vector was reserved in the R3051, and thus those
systems will have this vector selected as high, corresponding to an R3051
compatible 2x clock input.
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Half-Frequency Bus

If asserted (active low), the bus interface will be operated at one-half the
frequency of the internal processor. If negated, the bus interface will operate
at the processor frequency. During Reset, this value should be held stable for
128 clock cycles, to avoid clock glitches in the R3081 bus interface unit and
to allow the external memory controllers to stabilize to the final frequency.

DBlockRefill

If asserted (active high), data cache misses will be processed using quad
word refills. If negated, data cache misses will be processed using single word
reads. This mode bit does not affect the processing of instruction cache misses
(always handled as quad word reads) or uncacheable references (always
handled as single word reads).

Tri-State

If asserted (active low) at the end of reset, all CPU outputs (except SysClk)
will remain in tri-state after reset. They will remain in tri-state until another
reset occurs (with tri-state disabled).

This mode input has the unique feature that it can be used to force the CPU
outputs to tri-state during the entire reset period. That is, if Tri-State is
asserted while Reset is asserted, the processor outputs will be tri-stated
through thereset period. If Tri-State isnegated duringreset, the output drivers
will be enabled. Again, note that the Tri-State mode does not affect SysCIk,
which is driven regardless of the tri-state mode.

Thus, itis possible to hold tri-state low during the majority of reset, and bring
it high only during the last four cycles of reset. The CPU outputs would be tri-
state through the reset, but the processor would operate normally after reset.
This is useful in board testing, and also for in-circuit emulators.

BigEndian

If asserted (active high), the processor will operate as a big-endian machine,
and the RE bit of the status register would then allow little-endian tasks to
operate in a big-endian system. Ifnegated, the processor will operate as a little-
endian machine, and the RE bit will allow big-endian tasks to operate on a little-
endian machine.

R3000A Equivalent Modes

The R3000A features a number of modes, which are selected at Reset time.
Although most of those modes are irrelevant, a number of equivalences can be
made:

IB1kSize = 4 word refill.

DBIkSize = 1 or 4 wordrefill, depending on the DBlockRefill mode selected.
Reverse Endianness capability enabled.

Instruction Streaming enabled.

Partial Word Stores enabled.

MP enabled.

e o o o o o

Other modes of the R3000A primarily pertain to its cache interface, which
is incorporated within the R3081 and thus transparent to users of these
processors.
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RESET BEHAVIOR

While Reset is asserted and Tri-State negated, the processor maintains its
interface in a state which allows the rest of the system to also be reset.
Specifically:

e A/D is tri-stated

¢ SysClk operates.

¢ Addr(3:2) and Diag(1:0) are driven (reserved value).

e ALE is driven negated (low).

o DataEn, Burst/WrNear, Rd, and Wr are driven negated (high).

The R3051 family samples for the negation of Reset relative to a falling edge
of SysCIk. The processor will initiate a read request for the instruction located
at the Reset Vector at the 6th rising edge of SysClk after the negation of Reset
is detected. These cycles are a result of:

¢ Reset input synchronization performed by the CPU. The Reset input uses

special synchronization logic, thus allowing Reset to be negated
asynchronously to the processor. This synchronization logic introduces
a two cycle delay between the external negation of Reset and the negation
of Reset to the execution core.

¢ Internal clock cycles in which the execution core flushes its pipeline,

before it attempts to read the exception vector.

¢ One additional cycle for the read request to propagate from the internal

execution core to the read interface, as described in Chapter 8.

BOOT SOFTWARE REQUIREMENTS

Basicmode selection is performed using hardware during the reset sequence,
as discussed in the mode initialization section. However, there are certain
aspects of the boot sequence that must be performed by software.

The assertion and subsequent negation of reset forces the CPU to begin
execution at the reset vector, which is address 0x1FC0_0000. This address
resides in uncached, unmapped memory, and thus does not require that the
caches or TLB be initialized for the processor to execute boot code.

The processor needs to perform the following activities during boot:

¢ Initialize the CPO Status Register
The processor must be assured of having the kernel enabled to perform
the boot sequence. Specifically, co-processor usable bits, and cache
control bits, must be set to the desired value for diagnostics and
initialization to occur.

¢ Initialize the CPO Config Register
If the system requires the floating point interrupt to be re-mapped from
its default, or if the system is to be operated with the alternative cache
configuration, or if the system desires slow bus turnaround, the Config
register must be written. The system could also choose to "lock” this
register at this time.

¢ Initialize the Caches
The processor needs to determine the sizes of the on-chip caches, and
flush each entry, as discussed in Chapter 4. This must be done before the
processor attempts to execute cacheable code.

¢ Initialize the TLB
The processor needs to examine the TLB Shutdown bit to determine if a
TLB ispresent. Ifthisis an extended architecture version of the processor,
software must sequence through all 64 TLB entries, giving them either a
valid translation, or marking them as not Valid. This must be done before
software attempts to reference through mapped space.
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* Initialize CPO Registers
The processor should establish appropriate values in various CPOregisters,
including:

The PID field of EntryHi.
The IM bits of the status register.
The BEV bit.

Initialize KUp/IEp so that user state can be entered using a RFE
instruction

e Enter User State

Branch to the first user task, and perform an RFE.

DETAILED RESET TIMING DIAGRAMS

The timing requirements of the processor reset sequence are illustrated
below. The timing diagrams reference AC parameters whose values are
contained in the R3081 data sheet.

Reset Pulse Width
There are two parameters to be concerned with: the power on reset pulse
width, and the warm reset pulse width.
Figure 11.1 illustrates the power on reset requirements of the R3081.
Figure 11.2 illustrates the warm reset requirements of the processor.

[r
77

Vce
Clkin IIllIH;JIHHH

Reset 23 ’r
77

Figure 11.1. Cold Start

Figure 11.2. Warm Reset
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Reset

SysClk

Mode Initialization Timing Requirements

The mode initialization vectors are sampled by a transparent latch, whose
output enable is directly controlled by the Reset input of the processor. The
internal structure of the processor is illustrated in Figure 11.3.

Thus, the mode vectors have a set-up and hold time with respect to the rising
edge of Reset, as illustrated in Figure 11.4.

R3081 Mode Vector Logic

o L. e »  BigEndian
. s TG
Transparent | . e
B Latch . s - . DBlockRefill
B R - Half-frequenéy Bus
e L »  1XClockEn
> En — ' o - CoherentDMAER

|, CPU Reset

Reset o
Synchronizer |-

p

Figure 11.3. R3081 Internal Mode Vector Logic

SysCk / \N__ /X

Reset 7£t25

Int(n) 126 7£

<l 127

Figure 11.4. Mode Vector Timing
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Reset Setup Time Requirements

The reset signal incorporates special synchronization logic which allows it
to be driven from an asynchronous source. This is done to allow the processor
Reset signal to be derived from a simple circuit, such as an RC network with
a time constant long enough to guarantee the reset pulse width requirement
is met.

The Reset set-up time parameter can then be thought of as the amount of
time Reset must be negated before the rising edge of SysClk for it to be
guaranteed to be recognized; failure to meet this requirement will not result in
improper operation, but rather will have the effect of delaying the internal
recognition of the end of reset by one clock cycle. This does not affect the timing
of the sampling of the mode initialization vectors.

Figure 11.5 illustrates the set-up time parameter of the R3081.

Sysck / \__ /X

Reset

25

Figure 11.5. Reset Timing

ClkIn Requirements

The input clock timing requirements are illustrated in Figure 11.6 (a, b, c,
d). The system designer does not need to be explicitly aware of the timing
relationship between ClkIn and SysCIk, and no timingrelationship is guaranteed.
Note that SysClIk is driven even during the Reset period, (regardless of the Tri-
state mode), as long as ClkIn is provided. However, the Reset signal logic
should not require SysClk to assert at power up.

. n

Clkin ilk 4o
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SysClk ) - N
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Figure 11.6 (a). R3081 Family Clocking (1x ClkIn, Full-Frequency Bus Mode)
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Figure 11.6 (b). R3081 Family Clocking (1x ClkIn, Half-Frequency Bus Mode)
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22
L 4 N\

SysClk 7 4 ta2 \l\ te3 ;(

tsys
Figure 11.6 (c). R3081 Family Clocking (2x ClkIn, Full-Frequency Bus Mode)
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Figure 11.6 (d). R3081 Family Clocking (2x ClkIn, Half-Frequency Bus Mode)
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DEBUG MODE FEATURES CHAPTER 12

INTRODUCTION

This chapter discusses particular features of the R3081 included to facilitate
debugging of R3081-based systems. Although many of these features are
intended to be used by an In-Circuit Emulator, the features documented in this
chapter are also useful in environments which use a logic analyzer or similar
tool.

OVERVIEW OF FEATURES
The features described in this chapter include:
¢ The ability of the processor to display internal instruction addresses on
its A/D bus during idle bus cycles. This mode facilitates the trace of
instruction streams operating out of the internal cache.

¢ The ability of the processor to have instruction cache misses forced, thus

allowing control to be brought to the bus interface. This mode is useful
for breaking into infinite loops, and is also useful for “jamming” an
alternate instruction stream (such as a debug monitor) into the instruction
stream.

Other features useful in debug and In-Circuit Emulation are contained in
the definition of the DIAG pins, described in an earlier chapter.

Note that the features described in this chapter are performed on the
“Reserved” pins of the processor. Thus, other R3051 family members may or
may notincorporate these features in the same fashion. The features described
in this chapter are intended for initial debug, rather than continued use in a
production system.

DEBUG MODE ACTIVATION

Debug mode in the R3081 is activated by driving the Reserved(2) pin high.
This mode can be selected any time that the part is running, or may be selected
while the part is being reset. Again, it is not recommended that logic driving
Reserved(2) be placed on the production board, since other R3051 family
members may use this signal for a different function.
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DEBUG MODE FEATURES

ADDRESS DISPLAY

Activating the debug mode forces the CPU to display Instruction stream
addresses on its A/D bus during idle bus cycles. Refer to figure 12.1 (a, b)
regarding the timing relationship between instruction initiation in the on-chip
cache and the output address. Even in half-frequency bus mode, the R3081
will display internal addresses at the execution engine rate. Note that the
address is driven out, but ALE is not asserted. This is to reduce the impact of
this mode on system designs which may use the initiation of ALE to start a state
machine to process the bus cycle. Instead of ALE, external logic should use the
rising edge of SysCIk (full-frequency mode) or both edges of SysCIk (half-
frequency mode) to latch the current contents of the address bus.

The address displayed is determined by capturing the low order address bits
used to address the instruction cache (AddrLo), and then capturing the TAG
response from the cache one-half clock cycle later. As described in Chapter 4,
cache accesses occur by separating the physical address into two portions:
AddrLo, used to index the specific cache entry to check for a hit, and TAG,
which is the high-order address bits indicating the value currently cached by
that cache line. The on-chip cache controller compares the TAG returned by
the cache with the high-order bits of the physical address currently referenced
by the CPU. These address lines are concatenated, and presented as follows
(Note AddrLo(1:0) will be '00' in all Instruction Cache cycles):

A/D(31:12) displays TAG(31:12)
A/D(11:4) displays AddrLo(11:4)
A/D(3:2) displays AddrLo(13:12)
A/D(1:0) is reserved for future use.
Addr(3:2) displays AddrLo(3:2)

L]

e o o o

This mode is intended to allow gross, rather than fine, instruction trace.
Specifically, branches taken while a write or DMA operation occurs may not be
displayed, and there is no indication that an exception has occurred (and thus
thatinitiated instructions have been aborted). Additionally, erroneous addresses
may be presented in cycles where internal processor stalls occur, such as those
for integer multiply/divide interlocks or pTLB misses.

Finally, note that the cycle immediately before a main memory read may
contain an erroneous address, and the cycle immediately after a memory read
or write maynot produce the address with appropriate timing. Itisrecommended
that these cycles be ignored when tracing execution.

RUN STATUS DISPLAY

In addition to displaying the current address, the R3081 will provide an
output signal called "Run" during debug mode. This output indicates whether
the execution core is in a run cycle or in a stall cycle, and is useful in system
debug to determine the activity of the execution core.

Since Run indicates the status of the execution core, its basic timing is
dependent on the internal PhiClk. However, the R3081 uses the rising edge of
SysCIk to synchronize the Run output, and the falling edge to transition the
output; thus, external logic should use the rising edge of SysClk as a timing
reference. In one-half frequency bus mode, Run is driven from both edges of
SysCIk, and thus should be sampled with Ons hold time from each edge.

The BrCond(1) pin, which is otherwise unused by the R3081, is used as the
Run output pin during address display mode.
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Figure 12.1 (a). R3051 Debug Mode Instruction Address Display (Full-Frequency Mode)
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Figure 12.1 (b). R3051 Debug Mode Instruction Address Display (Half-Frequency Mode)
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FORCING CACHE MISSES

Another feature for debugging is the ability to force a cache miss from an
external signal pin. As with debug mode itself, this mode is not intended for
use in a production environment.

Forcing a cache miss is a relatively simple operation with the R3081. With
the device in debug mode (Reserved(2) high), drive Reserved(1) high, to be
sampled on a falling edge of SysClk. This will force the next cache reference
to “miss”, forcing a read operation to the bus. Diag(1:0) can be used to
determine that the memory cycle was due to a cache miss, and whether an
instruction cache or data cache miss occurred. Figure 12.2 illustrates a "jam"
operation.

When jamming the cache, a couple of things must be considered:

* The"Jam"inputissampledrelative to the falling edge of SysClk. However,
IDT does not guarantee the setup and hold time parameters for this
signal—it is recommended that a relatively conservative design be used
here, since the set-up and hold time of this input are probably slightly
larger than the parameters for other inputs.

¢ Due to the possibility of other bus activities (such as writes), the “Jam”
input should be asserted at least until a read is detected on the bus.

e The Jam input does not affect the value of the Valid bit written into the
cache on cacheline refill. However, itisrecommended that the Jam input
benegated prior to the Acknowledge of the read (either implicit, by RACEn,
or explicit, by Ack), to avoid unwanted subsequent miss cycles.

¢ If an instruction other than the target of the read is forced onto the A/D
bus for an instruction cache miss read, it is the responsibility of that
debug monitor to use software cache operations to fix-up the internal
instruction cache before resuming normal execution.

N 7 W o Nl o Wl o Nl an Nl ol
s [\ T
fign

Rsvd(2)

Figure 12.2. Forcing an Instruction Cache Miss in Debug Mode
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INTRODUCTION

This chapter discusses compatibility issues between the R3081 and R3051/
52. The goal of this chapter is to provide the system designer with the
understanding necessary to be able to interchange various R3051 family
members in a single design, and with a single set of binary software.

DIFFERENCES BETWEEN R3081 AND R3051/R3052
The differences between the R3081 and R3051/52 are summarized as:
On-chip FPA.
Larger Instruction and Data Caches on-chip.
Configurable cache organization.
New Co-processor O Config Register.
BrCond(1) is used internally and thus is not connected externally.
The on-chip FPA uses one of the six CPU interrupts; the corresponding
input pin is logically not connected.
Slow bus turnaround mode.
Half-frequency bus mode.
Reduced frequency/halt capability.
Hardware cache coherency capability.
Diag(1) used on writes to report data cache retention of store data.
Optional 1x (rather than 2x) clock input.
Changes in the debug features.
WrNear page size increased.

e o o o o o

e & o o o o o o

In general, these features are transparent to systems using the R3051 or
R3052. That is, if an R3081 directly replaces an R3051 in a given design, the
R3081 should operate exactly as the R3051 did in that socket. This chapter
is intended to serve as a guide to designers wishing to implement a single
motherboard capable of accepting either an R3081 or an R3051/52.

On-chip FPA

The R3081 incorporates an on-chip Floating Point Accelerator, whereas the
R3051 and R3052 do not. The on-chip FPA works as co-processor 1, and
extends the instruction and register set of the integer processor as described
in chapter 3.

There are various strategies for using an R3051 in an application with some
levels of floating point. The two major techniques are:

e  Generate two distinct sets of binaries from a single set of source code.
The IDT/c compiler has a compile time switch which controls binary generation
with respect to floating point. If the compiler is told that a floating point
accelerator is available, the binaries will include co-processor 1 instrizctions to
perform floating point arithmetic. If the compiler is told that there is no
hardware FPA, the compiler will generate calls to the IDT floating point library
to perform floating point arithmetic. Thus, the compiler will generate two
distinct binaries from a single source; one for the R3051/52, and one for the
R3081.

. Emulate the FPA on the R3081 when an R3051 is used. The software
could disable the CP1 on the R3051 and R3052. Then, when the application
performed a CP1 (FPA) instruction, the R3051 would take an exception. The
exception handler could then emulate the R3081 instruction in software.

13-1



CHAPTER 13

R3051 COMPATIBILITY

The differences between the two approaches have to do with performance vs.
the use of a single binary. The first technique offers higher floating point
performance (since the trap overhead is eliminated) but requires distinct
binaries; the second approach can utilize a single binary, but emulates FP
operations more slowly, due to the kernel overhead in the exception handling.

Larger, Configurable Instruction and Data Caches on-chip

The only time the application needs to be explicitly aware of the cache size
is when flushing/initializing the caches. Chapter 4 presented an algorithm for
determining the size of the on-chip instruction and data cache. If the
application uses this approach, rather than building in the cache sizes as a
constant, interchangeability of devices with varying cache sizes can be
accomplished without re-compiling or generating distinct binaries.

The R3081 provides the user with the capability of re-configuring the on-
chip cache organization, using the Config register. Note, however, that the
cache organization at reset is predictable: 16 kB of Instruction Cache, and 4
kB of Data cache.

New Co-processor O Config Register
The CPO Config register provides various capabilities to the system designer.
This register is not present in the R3051/52. There are three approaches to
this possible:
¢ Software executing on an R3051 /52 which performs writes to this register
will not cause any side effects in that device. Thus, software could blindly
write this register; in the R3081, the desired changes would occur; in the
R3051 and R3052, no side effect would occur.
e Software couldignore theregister. The R3081 resets the register toR3051
compatible defaults.
e A distinct binary for the R3081 could be used. This approach is
compatible with one of the floating point options described above.

BrCond(1)

The R3081 will either ignore this pin, or use it to output the Run status signal
(address display mode). Systems designed to allow the interchange of an
R3051 with an R3081 should just provide a pull-up at this pin.

The FPA interrupt

The on-chip FPA of the R3081 reports exceptions to the CPU using one of the
general purpose interrupts. The corresponding input pin is ignored. Systems
desiring to interchange an R3051 with an R3081 mustreserve an interrupt pin
for the FPA, and provide a pull-up for that signal. Note that the Configregister
allows software to select any of the 6 interrupts; at reset, the default used is
interrupt 3.

Slow bus turnaround mode

Slow bus turn-around on the R3081 allows extra cycles between changes in
A/D bus direction. Note that with the bus turnaround slowed, the R3081
continues to operate in a 100% compatible fashion with the R3051 (thereis no
R3051 transaction that guarantees a "quick" bus turnaround).

Note that there is a hardware solution to bus turnaround in the R3051,
which will also work with the R3081. This involves using the DMA arbiter to
prevent the R3051 from issuing a bus cycle, and is explained in an applications
note available from IDT.
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Half-frequency bus mode

The R3081 allows the bus to operate at one-half the CPU frequency. When
enabled, the bus will operate as for an R3051 operating at half the frequency
of the R3081 CPU. Thus, this mode is entirely compatible with an R3051 at
one-half the R3081 frequency.

In the R3081, this feature is enabled as a reset option. Systems may choose
to employ a jumper on this value, so that this feature may be selectively enabled
when a R3081 is used, but the pin may be pulled-high when an R3051 is used.

Reduced frequency/halt capability

This mode is incorporated to reduce power consumption when waiting for an
interrupt or other external event. This mode is unavailable in an R3051.

Note that reduced frequency mode will appear to merely reduce the bus
frequency of the R3081; most R3051 systems should operate correctly under
this circumstance.

The R3051 does not offer the software stall capability of the R3081. Software
executing on an R3051 which attempts to halt the processor will product no
effect, and thus may result in erroneous software operation.

Hardware cache coherency capability

The R3081 allows hardware cache coherency during DMA writes. This
capability may be disabled using the Coherent DMA Enable feature of the
processor.

If a system may alternately use an R3051 or an R3081, it should not rely on
hardware cache coherency. Thus, MP should not be enabled. The R3081 will
then behave entirely like an R3051, and continue to operate out of cache during
DMA operations. Cache coherency in these systems must be insured by
software.

Diag(1) used on writes

In the R3081, Diag(1) during writes indicates whether the store instruction
also updated the on-chip data cache. This signal is required to implement a
snoop cache for hardware based cache coherency, and is also useful in
implementing an external secondary cache. In other environments, Diag(1)
will also produce useful debugging information.

This capability is not present in the R3051. Systems wishing to interchange
R3081's with R3051's must not rely on the value of Diag during write
operations.

1x clock input
The R3051 uses an input clock at twice the processor frequency, while the
R3081 can use either a 2x clock or a 1x clock input. There are various strategies
for interchanging R3051's with R3081's, including:
e When interchanging parts, also exchange the crystal/oscillator.
¢ Only use 2x clock mode for the R3081.
¢ Exchange an R3051 for an R3081 at twice the frequency, but use the half-
frequency bus mode of the R3081 when that device is used. Performance
should more than double when an R3081 is used to replace an R3051 in
this fashion.

Debug features

Debug and in-circuit emulator features are not guaranteed to be compatible
between the R3051 and the R3081. Both the R3051 Hardware User's Manual
and the R3081 Hardware User's Manual recommend against using these
features in a production board, in order to guarantee interchangeability of
future family members; their definition is intended to aid in system debug
during initial development only.
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WrNear Page Size

The R3081 compares address (31:10) for indicating WrNear. This corresponds
to a DRAM page size of 64kb and larger (e.g. 64k x 4 and larger). The R3081
compares address (31:11), corresponding to a DRAM page size of 256kb or
larger (256kx4 and larger). Thus, the R3081 WrNear should not be used with
very low density DRAMs. However, given today's commodity DRAM
organizations, this is not a significant constraint.

SUMMARY

The R3081 can be used toreplace an R3051 or R3052 in many applications,
without requiring changes to the PC Board. This allows a single hardware and
software design effort to attack a wider variety of price/performance points,
and thus enables the R3051 and R3081 families to serve a wide variety of
applications.
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