
;e3eMJ  $^ r6T9H=~ WO 02/.18872  EXTENDED PROCESSOR RESET BACKGROUND
PCT/USO1/.47623 This invention relates to programmable processors. 5 A
programmable processor, such as a microprocessor fox a computer or a
digital signal processing system, typically includes memory that holds
instructions to be executed by the processor. In addition, the processor
typically supports a reset operation, in which the processor is 10
initialized into a known state. A reset is used, for example, when the
processor is powered up. In a reset operation, the memory used to hold
instructions is typically reset to a known state, resulting in the loss of
instructions stored in the memory. 15 DESCRIPTION OE DRAWINGS Figure 1 is a
block diagram illustrating an example of a pipelined programmable
processor. 20 Figure 2 is a signal timing diagram. Figure 3 is a diagram of
reset logic. Figure 4 is a schematic illustrating an example execution
pipeline.    WO 02/-18872 PCT/US01L47G23 Figure 5 is a flowchart
illustrating a process for extending a reset. DETAILED DESCRIPTION s Figure
1 is a block diagram illustrating a programmable processor 10 having an
execution pipeline 14, a control unit 12 and instruction memory 16.
Instruction memory 16 holds instructions to be executed by pipeline 14.
Instruction memory 16, shown in Figure 1 as included within 10 processor
10, may also be external to processor 10. Control unit 12 controls the flow
of instructions and data through pipeline 14. During the processing of an 



instruction, for example, control unit 12 may direct the various components
of pipeline 14 to decode the instruction 15 and correctly perform the
corresponding operation. Control unit 12 may also manage instruction memory
16 and typically may perform other functions as well. Instruction memory 16
typically includes volatile memory such as static random access memory
(SRAM). Memory 20 20, which is shown in Figure 1 as external to processor
10, may include non-volatile memory elements such as flash memory,
read-only memory, or a floppy disk. Memory 20 may also be included within
processor 10. Pipeline 14 has 2   WO 02/8872 PCT/US01/-47123 direct access
26 to instruction memory 16, allowing instructions to be sent directly to
pipeline 14 from instruction memory 16 without intervention by control unit
12. When pipeline 14 fetches an instruction, pipeline 14 5 tries to find
the instruction in instruction memory 16. The techniques described below
allow for instruction memory 16 to be loaded with instructions before
instruction fetching begins. From time to time, processor 10 undergoes a
reset. A 10 reset sets pipeline 14 to a prescribed state. While processor
10 undergoes a reset, instruction memory 16 likewise undergoes a reset. The
reset may result in the loss of instructions stored in instruction memory
16. Instructions may be restored to instruction memory 16 by i5 loading the
instructions from memory 20 into instruction memory 16. Normally
instructions may be loaded into instruction memory 16 from memory 20 by way
of a direct memory access (DMA) 28. Pipeline 14 does not fetch new
instructions from instruction memory 16 during the reset, 20 but may be
ready to fetch instructions from instruction memory 16 following the reset.
Fetching instructions following the reset may be inefficient, however,
because the instructions are not located in the newly-reset 3  



WO 02/.l8872 PCT/US01/-17G23 direct access 26 to instruction memory 16,
allowing instructions to be sent directly to pipeline 14 from instruction
memory 16 without intervention by control unit 12. When pipeline 14 fetches
an instruction, pipeline 14 s tries to find the instruction in instruction
memory 16. The techniques described below allow for instruction memory 16
to be loaded with instructions before instruction fetching begins. From
time to time, processor 10 undergoes a reset. A 10 reset sets pipeline 14
to a prescribed state. While processor 10 undergoes a reset, instruction
memory 16 likewise undergoes a reset. The reset may result in the loss of
instructions stored in instruction memory 16. Instructions may be restored
to instruction memory 16 by is loading the instructions from memory 20 into
instruction memory 16. Normally instructions may be loaded into instruction
memory 16 from memory 20 by way of a direct memory access (DMA) 28.
Pipeline 14 does not fetch new instructions from instruction memory 16
during the reset, 20 but may be ready to fetch instructions from
instruction memory 16 following the reset. Fetching instructions  following
the reset may be inefficient, however, because the instructions are not
located in the newly-reset 3   WO 02/8872 PCT/USOlI-17G23 instruction
memory 16, and the instructions must be obtained from memory 20. The
techniques described below improve efficiency by suspending instruction
fetching until 



instruction memory 16 is loaded. s In Figure l, control unit 12 includes
reset logic 18. Reset logic 18 may also be separate from control unit 12.
When processor 10 enters a reset, a flag bit indicative of a reset in
progress is set and stored in a memory element, such as a register. This
flag bit, which will be discussed 10 in more detail below as "Reset Signal"
50, is cleared when the reset of processor 10 is terminated. As shown in
Figure 1, Reset-Signal 50 is a reset signal generated external to processor
10, and may come from, for example, an event controller or another
processor cooperating with 15 processor 10. Reset-Signal 50 may result
from, for example, a general reset of systems cooperating with processor
10. Although not shown in Figure 1, Reset-Signal 50 may be distinguished
from the reset signal supplied to processor 10, which may initiate a reset
service routine. 20 Reset Signal 50 is received by reset logic 18. Reset
logic 18 also receives a signal 30 that indicates that  instructions are to
be loaded into instruction memory 16. Signal 30 will be discussed below as
"IM_Init" signal 30. 4   WO 02/-18872 PCT/ U S01 /-17G23 The output of
reset logic 18 is an extended reset signal discussed below as
"Ext_Reset_Signal" 24, which controls fetch requests to instruction memory
16 by pipeline 14. When Ext_Reset_Signal 24 is set, fetch requests are s
suspended, and when Ext_Reset_Signal 24 is cleared, fetch requests
commence. Figure 2 shows a timing diagram. when processor 10 is placed in
ordinary reset mode, as designated by reference line 52, Reset Signal 50 is
asserted and indicates that 



10 processor 10 is in an ordinary reset mode. When processor 10 completes
resetting operations, Reset Signal 50 is cleared, as designated by
reference line 54. If instruction memory 16 is to be loaded, IM_Init 30 is
set. Once resetting operations are completed (54), instruction is memory 16
is loaded (55). IM_Init 30 remains set until loading of instruction memory
16 has been completed, then IM_Init 30 is cleared, as designated by
reference line 56. Ordinarily, pipeline 14 is ready to fetch instructions
immediately after resetting operations are completed (54). 20 When pipeline
14 is ready to fetch instructions, instruction memory 16 is usually not
ready, and will not be ready until instructions are loaded from memory 20.
When instruction memory 16 comprises SRAM, for example, an 5   WO 02/.t8872
PCT/USO1/-47G23 instruction ordinarily cannot be fetched by pipeline 14
until the instruction is loaded into instruction memory 16. By controlling
fetch requests to instruction memory 16 with extended reset signal
Ext_Reset_Signal 24, fetch requests s are suspended while processor 10 is
resetting and while instruction memory Z6 is being loaded. Ext_Reset_Signal
24 is set when Reset Signal 50 is set (52), and Ext_Reset_Signal 24 is
cleared when IM_Init 30 is cleared (56). When Ext_Reset_Signal 24 is
cleared (56), fetch 10 requests to instruction memory 16 commence. Figure 3
illustrates an embodiment of reset logic 18. The logic shown in Figure 3 is
exemplary and is not intended to limit the scope of the invention. The
output of reset logic 18, Ext_Reset_Signal 24 controls the fetch is
requests of pipeline 14 by suspending fetch requests as long as
Ext_Reset_Signal 24 is asserted. The inputs to 



reset logic 18 are Reset-Signal 50 and IM_Init 30. When processor 10 begins
reset operations, Reset-Signal 50 is asserted. Reset_Signal 50 is stored in
20 a memory element, such as register 60. As long as processor 10 is in
ordinary reset mode, Reset Signal 50 is asserted. When processor 10
completes reset operations and ordinary reset mode ends, Reset_Signal 50 is
cleared. OR 6   WO 02/8872 PCTlUSOI/-17G23 gate 62 assures that
Ext_Reset_Signal 24 will be asserted, and pipeline 14 will not fetch
instructions, at least until Reset Signal 50 clears.  OR gate 62 further
assures that when instruction 5 memory 16 loading occurs following the
ordinary reset, Ext_Reset_Signal 24 will remain asserted until the loading
is completed. When instruction memory 16 loading is not desired, i.e., when
IM Init 30 is not asserted, Ext_Reset_Signal 24 follows Reset-Signal 50 and
20 consequently pipeline 14 does not enter an extended reset state. When,
however, IM Init 30 is asserted while Reset-Signal 50 is asserted and
before Reset-Signal 50 clears, Ext Reset-Signal 24 does not follow
Reset_Signal 50, and will not clear until IM Init 30 clears. 15 When
IM-Init 30 is asserted while Reset-Signal 50 is asserted, IM_Init 30 has no
immediate effect upon Ext Reset-Signal 24. Falling edge detector 64 senses
Reset_Signal 50, and generates a voltage low output 74 until Reset_Signal
50 is cleared. When Reset_Signal 50 is 20 cleared, falling edge detector 64
produces a voltage high signal 74 for one clock cycle. The voltage high
signal 74 and asserted IM_Init signal 30 result in a voltage high 



signal 70 from AND gate 76, which in turn results in output 7   WO
02/.l8872 PCT/U S01 /-L 7623 82 of OR gate 80 going high. The voltage high
output 82 of OR gate 80 is applied to OR gate 62, keeping Ext_Reset_Signal
24 high even though Reset_Signal 50 has been cleared. In addition, the
voltage high output 82 of s OR gate 80 is captured by register 84, is
delayed one clock cycle by register 84 and is fed back to AND gate 78.
Output 72 of AND gate 78 remains high as long as IM-Init 30 is asserted.
When IM-Init 30 is cleared, output 72 of AND gate 78 and output 82 of OR
gate 80 go low. Consequently, io both inputs to OR gate 62 are low, which
results in Ext_Reset_Signal 24 being cleared. Figure 4 shows an exemplary
pipeline 24. Pipeline 14 has five stages: instruction fetch (IF),
instruction decode (DEC), address calculation (AC), execute (EX) and write
is back (WB). Instructions are fetched from instruction memory 16 during
the first stage (IF) by fetch unit 90 and are decoded 92 during the second
stage (DEC). At the next clock cycle, the results are passed to the third
stage (AC), where data address generators 96 calculate any memory 20
addresses to perform the operation. During the execution stage (EX),
execution unit 98 performs the specified operation such as, for example,
adding or multiplying two 8   WO 02/-48872 PCT/US111/a7G23 numbers. During
the final stage (WB), the results may be written back to memory 20 or to
data registers 100. 



Reset logic 18 supplies Ext_Reset_Signal 24 to fetch unit 90.
Ext_Reset_Signal 24 regulates the fetching of s instructions from
instruction memory 16. Typical fetch units may include one or more elements
that may be regulated by Ext-Reset-Signal 24. Ext_Reset_Signal 24 may, for
example, enable or disable the request logic that allows instructions to be
fetched from instruction memory io 16, or may enable or disable an
instruction register. Figure 5 is a flowchart illustrating an embodiment of
the techniques described above. When processor 10 is placed in reset mode
(90), processor 10 asserts Reset_Signal 50 (92). Asserting Reset-Signal 50
results in is the asserting of Ext_Reset_Signal 24 as well (92). Once reset
operations are completed, Reset-Signal 50 is cleared (94). When
Reset_Signal 50 is cleared, reset logic 18 senses whether IM_Init 30 is
asserted (96). When IM_Init 30 is not asserted, Ext_Reset_Signal 50 is
cleared (108) 20 and instruction fetching commences (110). When IM-Init 30
is asserted, however, instruction fetching is disabled (98). Processor 10
optionally may disable interrupts (100) to prevent an interrupt handler
from initiating fetching 9   WO 02/-18872 PCT/U S01 /-17G23 before loading
of instruction memory 16 (102) is completed. When loading of instruction
memory 16 (102) is completed, TM-Init 30 is cleared (104). Interrupts, if
disabled (100), are re-enabled (106). Ext_Reset_Signal 50 is s cleared
(108), which enables instruction fetch requests, and instruction fetching
commences (110). The first fetched instruction may be, for example, the
first instruction of a reset service routine. A number of embodiments of
the invention have been io described. For example, a method of resetting a
processor 



has been described, in which fetch requests are disabled when the processor
undergoes a reset, and remain disabled when the instruction memory is being
loaded. The processor may be implemented in a variety of systems including
is general purpose computing systems, digital processing systems, laptop
computers, personal digital assistants (PDA's) and cellular phones. In this
context, the resetting techniques discussed above may be readily used to
improve processor performance. In such a system, the ao processor may be
coupled to a memory device, such as a FLASH memory device or a SRAM device,
that stores an operating system and other software applications. These 10
WO 02/-48872 PCT/US01Lt7G23 and other embodiments are within the scope of
the following claims. 11   WO 02/-Q8872 CLAIMS PCT/USII1/~7623 1 1. A
method for resetting a processor comprising: z entering a reset mode; s
loading an instruction memory associated with the n processor; and s
suspending instruction fetches until the instruction s memory is loaded. 1
2. The method of claim 1 further comprising: z receiving an instruction
memory loading signal; and 3 loading the instruction memory while the
instruction memory loading signal is asserted. 1 3. The method of claim 1
further comprising: z asserting an extended reset signal; and s suspending
instruction fetches when the extended reset 4 signal is asserted. 1 4. The
method of claim 3 further comprising: 2 receiving a reset signal; and 3
receiving an instruction memory loading signal; 12 



WO 02/.l8872 PCT/US01/~7623 9 wherein the extended reset signal is asserted
when the s reset signal is received and when the instruction memory s
loading signal is received. i 5. The method of claim 4 wherein the extended
reset z signal is cleared when the reset signal is cleared and when s the
instruction memory loading signal is cleared. i 6. The method of claim 1
wherein suspending instruction z fetches comprises disabling instruction
request logic. i 7. The method of claim 1 wherein suspending .instruction z
fetches comprises disabling an instruction register. i 8. A method
comprising: z entering a reset mode; 3 receiving a signal indicating an
instruction memory is s being loaded with instructions; and s disabling
fetching of instructions from the s instruction memory. z 9. The method of
claim 8, wherein the signal is a first z signal, the method further
comprising: 13   WO 02/8872 PCT/USO1/~7G23 s receiving a second signal
indicating the instruction 4 memory is no longer being loaded; and s
enabling fetching of instructions from the instruction s memory. 10. The
method of claim 8 further comprising loading z instruction memory with
instructions. 1 11. The method of claim 8 wherein disabling fetching of z
instructions comprises disabling instruction request logic. i 12. The
method of claim 8 wherein disabling fetching of z instructions comprises
disabling an instruction register. i 13. A method comprising: z receiving a
reset signal; s receiving an instruction memory loading signal; and a
generating an extended reset signal as a result of the s reset signal and
the instruction memory loading signal. i 14. The method of claim 13 wherein
the extended reset z signal is asserted when the reset signal is received.
14   WO 02l-48872 PCT/US01/.17123 



i 15. The method of claim 13 wherein the extended reset z signal is cleared
when the instruction memory loading s signal is cleared. i 16. The method
of claim 13 further comprising suspending z instruction fetches when the
extended reset signal is s asserted. i 17. The method of claim 16 wherein
suspending instruction z fetches comprises disabling instruction request
logic. i 18. The method of claim 16 wherein suspending instruction z
fetches comprises disabling an instruction register. i 19. The method of
claim 13 further comprising loading the z instruction memory when the
instruction memory loading s signal is received. i 20. An apparatus
comprising: z a first input adapted to receive a reset signal; 3 a second
input adapted to receive an instruction 4 memory loading signal; s an
output; and 15   WO 02/8872 PCT/USU1/.~7C23 6 a circuit coupled to the
first input, second input and 7 output, adapted to provide an extended
reset signal to the 8 output based on the reset signal and the instruction
memory 9 loading signal. 1 21. The apparatus of claim 20 wherein the
circuit asserts 2 the extended reset signal when the reset signal is 3
received. i 22. The apparatus of claim 20 wherein the circuit clears z the
extended reset signal when the instruction memory 3 loading signal is
cleared. 1 23. A system comprising: 2 a static random access memory device;
and 3 a digital processor coupled to the static random 4 access memory
device, the digital processor configured to 5 fetch instructions from an
instruction memory, 6 wherein the digital processor includes reset logic
adapted to disable fetching by the digital processor when 7 the instruction
memory undergoes instruction loading. 16   WO 02/-Q8872 PCT/US01/-7C23 1
24. The system of claim 23, further compr 2 volatile memory coupled to the
instruction 3 to load the instruction memory; 4 wherein the reset logic is
adapted to 5 by the digital processor when instructions 6 the non-volatile
memory to the instruction ising nonmemory adapted disable fetching are
loaded from memory. i 25. The system of claim 24 wherein the reset logic is
z adapted to enable fetching by the digital processor after s instructions
are loaded to the instruction memory. s 26. The system of claim 23 wherein
the reset logic is 2 arranged to generate a signal, and wherein disablement
of s fetching is a result of the signal. 



i 27. The system of claim 23 wherein the instruction memory a comprises
static random access memory. i 28. The system of claim 23 wherein the
digital processor z comprises a pipeline processor. i 29. The system of
claim 23 wherein the digital processor 2 comprises a control unit. 17
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