
GB2027238B        1 SPECIFICATION                                  ter;
stacking the plurality of programmable registers to save state of the
processor at time Clear and wait instruction means and           of
performing the clear and wait operation, method
and waiting for an interrupt to occur so the 5
70 interrupt can be directly handled and return-' This invention relates,
in general, to digital  ing the processor to normal program execu-
processors, and more particularly, to a        tion after servicing the
interrupt. method for providing a clear and wait instruc-   In an
embodiment of the invention, there is tion for a' digital processor.
provided a method for performing the clear 10   In the operation of digital
processors it is  75 and wait operation with a single instruction in often
desirable to have the digital processor  a digital processor system.
Contents of a sto- system stop processing instructions and to    rage
location are logically ANDed with con- wait upon an input from an external
peri-       tents from a condition code register. The pheral device. Often
before having the proces-  condition code register contains the status of 1
5 sor system wait upon the external input it is  80 the processor including
at least one mask bit desirable to clear one or more bits in the     of an
interrupt which the processor is capable status or condition code register.
In the past,  of responding to. A plurality of registers are some digital
processors had a simple wait      stacked so that the contents of the
registers instruction which would allow the processor to  will not be
destroyed while responding to an 20 wait for an external input while yet
other   85 external input. Once the registers are stacked processors would
stack certain preselected     the digital processor then waits for an
external registers and then wait for an external input.  input or interrupt
signal. In such a situation if it was desired to change  The invention will
now be described by way or clear a bit in the condition code register  of
example only with particular reference to 25 then a separate instruction
had to be executed    90 the accompanying drawings wherein:- to make the
change to the contents of the         Figure 1 shows a block diagram of a
pro- condition code register.                       cessor capable of
carrying out the present There are disadvantages in a digital proces-
invention; sor requiring two separate instructions to per-   Figure 2
illustrates in logic diagram a por- 30 form a clear and wait function. In
particular, if   95 tion of the processor shown in Fig. 1 useful in a
digital processor is executing a clear instruc-  understanding the present
invention; and tion and an external input or interrupt occurs    Figure 3
illustrates in simplified block dia- then upon the completion of the clear
instruc-  gram form a method of practicing the present tion, the digital
processor will service the   invention. 35 interrupt and upon executing the
return from    100   Fig. 1 shows a microprocessor device 10 interrupt
instruction the procesor will then   having a bus 12 for carrying address
informa- execute the wait instruction. However, if the  tion or data.
Connected to the bus 12 are interrupt that was serviced upon the comple-
output buffers 14 which are used to buffer' tion of the clear instruction
was the interrupt  addresses to provide addresses for memory or 40 that the
machine was being prepared to wait   105 peripheral devices, not shown,
external to the for then the machine would remain in the       processor
itself. Also connected to bus 12 is a waiting mode until an operator
intervened.     data buffer 1.6 which is 8-bits wide in a One way to avoid
such a problem was to         preferred embodiment and the function of
extend the clear instruction by one clock cycle  which is to buffer data
from the internal bus 45 so that an interrupt would not be responded    110
1 2 to devices external to the microprocessor to between the clear and the
wait instruction.  on the eight lines DO-D7 as shown. The data However this
solution could create other prob-  buffer lines are bidirectional so that
data can lems.                                          be transmitted
or'received through the same Accordingly, it is an object of the present
data buffering unit 16. 50 invention to provide a digital processor    115
When instructions are received from  an capable of performing a clear and
wait opera-  external device they are buffered by data tion in response to
a single instruction.      buffer 16 and applied to an instruction regis-
According to the invention there is provided  ter 18 and the. instructions
are decoded by an a method of performing a clear and wait
instruction decoder 20 which also provides 55 operation with a single
instruction in a proces-  120 and receives control signals. The internal
con- sor having a plurality of programmable regis-  trol signals of the
device 10 are not shown for ters including a condition code register, the
clarity of description. Also connected to bus method comprising: ANDing an
immediate         12 are an arithmetic and logic unit 22 having byte with
contents of the condition code regis-  a condition code register 24
associated there- 60 ter, so that the condition code register may be  125
with. Two accumulators 26 and 28 are pro- cleared if desired, the immediate
byte being   vided connected to the bus 12 and arranged obtained from
preselected contents of a mem-   such that the two accumulators, which in a
ory location, inhibiting a non-maskable inter-  preferred embodiment are
8-bits each, may rupt during the ANDing of the immediate byte   form a
16-bit accumulator which is referred to 65 with the contents of the
condition code regis-   1 30 as accumulator D. The bus also has associated



GB2027238B        2 with it a direct page register 30, which is also  the
flexibility of being easily available for an 8-bit register. A Y index
register has a high  either 8-bit or 16, bit operation. 8-bit segment 32
and a low 8-bit segment 34      All registers associated with memory-refer-
connected to the bus 1 2 to form a 1 6-bit' Y  enced operations  (the X and
Y. index registers, 5 index register. Similarly, an X index register  70
the user and hardware stack pointers) are all has a high 8-bit segment 36
and a low 8-bit   .1 6-bits wide. segment 38 to form a second 16-bit index
Digital processor device 10, because of the register. Two stack pointers
are provided each  register arrangement and other internal fea- having high
and low order segments, the user   tures, may perform long relative
branches, 10 stack pointer having a high 8-bit segment 40  75
program-counter relative addressing, and indi- and a low 8-bit segment 42.
A hardware         rection. There is a provision for automatic stack
pointer has a high 8-bit segment 44 and  increment or decrement by one or
two to a low 8-bit segment 46 to provide a '16-bit    provide easy access
to tabular data or to data hardware stack pointer; and"a program coun-
buffers.       - 15 ter has a high 8-bit segment 48 and a low 8-   80
Some of the 16-bit instructions manipulate bit segment 50 to provide
16-bits of address   data in the two accumulators and others mani- which
may be applied through output buffers     pulate addresses in the index
registers or 14 to provide a 1 6-bit address to devices      stack
pointers. external to the microprocessor 10.               The "load
effective address" instruction al- 20   A plurality of control signals are
provided to   85 lows a programmer to add immediate values the' instruction
decode and control unit 20    or an accumulator to an index register.
including a ready signal, an E (clock) signal    A plurality of long branch
instructions are which allows the clock of the device 10 to be  described,
which are capable of reaching any provided to external system elements for
syn-  location inmemory. Several high-speed in- 25 chronization. A reset
pin is provided to initial-.   90 structions which push or pull a
selectable set ize device 10 and two interrupt lines provide  of registers
are provided which facilitate argu- an interrupt request, and a nonmaskable
inter-  ment passage to and from subroutines, for rupt to the control unit
20. A halt pin is     example; and allow subroutines to save sets of
provided for. halting the operation of the ma-  registers at invocation and
restore the same 30 chine upon external control. Two terminals are   95 set
before exit. provided for connection to a crystal (XTAL and   The transfer
and exchange instructions give EXTAL). Interrupt acknowledge and bus avail-
processor 10 flexibility and consistency by able signals are also provided
to and from the  allowing any register to be transferred or to be control
device 20 as shown in the Figure. A    exchanged with any like sized
register. 35 third interrupt signal FIRQ (fast interrupt re-    100  The
device also includes an unsigned 8-bit quest) is provided to perform
specialized inter-  by 8-bit multiply with a 16-bit product. The rupts as
will be discussed later. A busy signal  multiply is unsigned to facilitate
the genera- is provided from the control device 20 to      tion of
multiprecision products. In addition to allow utilization of device 10 in a
multipro-  its use for numerical calculations, the mutliply 40. cessing
environment. A read/write signal is    105 function is useful in
calculating array sub- provided to direct the reading or writing of
scripts for programs written in high-level lan- data to or from a device
external to the device  guages 10. Another signal, last instruction cycle,
is   The auto increment and auto decrement provided to indicate to external
hardware that  instructions allow data movement and block 45 the subsequent
data on the data bus in a    110 comparisons in conjunction with memory
ref- machine operation code. Two other connec-      erence instructions. A
SYNC instruction is tions to device 10 are not specifically shown
provided for high-speed synchronization of but are VDD and Vss, the power
supply pins,    hardware and software. By stopping the pro- which in a
preferred embodiment may be + 5     cessor and allowing it to start only
when an 50 and 0 volts.                                11 5 interrupt line
is activated or pulled low, the It can be seen. that the. register
arrangement  instruction provides a mechanism for syn- of device 10
utilizes a plurality of 16-bit    chronizing software with hardware
external to registers as described, and these 1 6-bit regis-  processor 1 0
without the delays associated ters allow the performance of operations on
with interrupts or busy-wait loops. 55 16-bits of data in parallel. The
8-bit registers   120  Among the control signals, the ready input including
the accumulators are used for rou-   signal is provided for slow memory and
multi- tine computation and byte-oriented data mani-  processor management.
Additionally, a busy pulations, such as editing, interpreting, com-  signal
is made available during read-modify- piling, and so on, and have the
advantage of   write operations for disabling other processors 60 providing
efficient byte-oriented operations  125 in multiprocessing systems. -This
busy signal, which may be more difficult to handle if all   which allows
system hardware exclusion from registers in the system were: 16-bits wide.
the start of the read cycle through the associ- As previously: noted, the
two 8-bit .accumu-  ated write interval, assures that updated data lators
can be used to form one 16-bit.accumu-  will be processed throughout the
system. 65 lator for double byte operations, thus giving    130  The
maskable fast interrupt pin on proces-  



3                                                                     GB 2
027 238B     3 sor 10 generates a fast interrupt response for  second input
of NOR gate 183 is power on special priority interrupts. This interrupt
(FIRQ)  reset. The output of NOR gate 183 is coupled causes the stacking of
only the return ad-    to a first input of NOR gate 193 and to a dresses
and condition code. Using only one    second input of NOR gate 193 by
inverter 5 instruction, a designer may stack all additional   70 195 and
two transistors enabled by [err] and registers that must be protected.
Moreover, an  [err]. The output of NOR gate 193 is connected
acknowledgement signal is available during   to an input of NOR gate 194.
The output of any vector-fetch so that the interrupting de-  NOR gate 194
serves as an input for NOR vice may directly specify the starting address
gate 197. In addition, NOR gate 197 has as 10 of the associated interrupt
handling routine.  75 an input power on reset and also the output In Fig 2,
five of'the interface pins for    of NOR gate 183. The output of NOR gate
processor 10 are shown. These five interface  197 serves as a signal [err]
to indicate the pins receive input signals reset ( RESET), halt  beginning
of an op code fetch cycle. An input (HALT), non-maskable interrupt (NMI)
fast in-  for NOR gate 194 is the signal [err], indi- 1 5 terrupt request
(FIRQ), and interrupt request    80 cating the last cycle of an
instruction, and is (IRQ) and all are zero active or in other words
coupled by inverter 1 96 and two gated tran- the complements of the signals
are received.  sistors. A third input to NOR gate 1 94 is The reset input
comes into a series of field  coupled by a transistor from NOR gate.1 92.
effect transistors 84 which serves to reduce  One input of NOR gate 192
comes directly 20 the effect of transients that may accompany  85 from NOR
gate 1 91 while the other input is the signal. The reset signal is coupled
from  coupled from gate 191 through two field field effect transistors 84
by two inverters and  effect transistors and inverter 1 90. Power on a
gated field effect transistor into a synchron-  reset is one input for NOR
gate 191 while the izing latch. The output of the synchronizing  other
input comes from NOR gate 186. NOR 25 latch is coupled to a capture circuit
formed by   90 gate 1 86 receives an input from AND gate NOR gates 175, 176
and inverters 177, 178.    184. AND gate 184 receives a SYNC instruc- The
output of the capture circuitis buffered  tion input on one input, and the
other input by non-inverting amplifier 1 79 and is then  receives an
inverted SYNC input which is called power on reset (POR). POR is used
coupled through inverter 185 and two field 30 throughout processor 10 to
perform reset   95 effect transistors. 'A second input for NOR functions.
gate 186 comes from AND gate 188. One Halt, non-maskable interrupt, fast
interrupt,  input of AND gate 188 is coupled from the and interrupt request
all are passed through  output of NOR gate 191 by one field effect
synchronization circuits 83 before being used  transistor and two inverters
189, 190. A 35 by processor 10. Each synchronization circuit  100 second
input for AND gate 188 comes from 83 includes two series inverters having
the   NOR gate 187 which' has three inputs UN, output connected back to the
input by a field  UF, and Ul which are coupled by inverters effect
transistor which is gated or enabled by  and indicate that an interrupt has
been re- phase 1 [err] of the clock signal for processor  ceived. AND gate
188, NOR gates 186, 191, 40 10. Other field effect transistors couple the
105 and inverters 189, 190 form a sync latch input and the output of the
latches and are   circuit. Inputs UN, UF, and Ul serve to re- enabled by
both phase 1 [err] and phase 2      move a SYNC instruction input by
clearing the [err] of the clock cycle for processor 10.     synch latch. An
output from the halt synchronization       The non-maskable interrupt
signal, NMI, is 45 circuit 83 is coupled to NOR gate 175 so that  110
coupled by its synchronization circuit 83 into the capture circuit can
capture a reset signal  an inverter 86 whose output is connected to during
halt. If a reset should occur during the  an input of NOR gate 88. A second
input of presence of a halt signal the capture circuit  NOR gate 88 is the
output from synchroniza- serves to capture the reset signal so that the
tion circuit 83 coupled by field effect transis- 50 reset can be performed
upon removal of the    115 tor 87. The purpose of inverter 86 and NOR halt
signal. The output of the halt synchroniza-  gate 88 is to form an edge
detector circuit to tion circuit 83 is also coupled to an input of
generate a pulse from the non-maskable inter- NOR gate 180. Also coupled to
an input of     rupt signal. The outputof NOR gate 88 is NOR gate 180 is a
signal, [err] indicating    coupled to an input of NOR gate 89. The 55 that
the last cycle of an instruction has been    120 output of NOR gate 89  is
coupled by inverter performed. The output of NOR gate 180 is      92 to an
input of AND gate 91. The output of coupled by a field effect transistor,
which is  AND gate 91 serves as a second input for enabled by phase 2 of
the clock cycle, into  NOR gate 89. The output of inverter 92 is one of the
inputs of NOR gate 181. NOR gate   also coupled by field effect transistor
93 to an 60 181 is interconnected with NOR gate 182 to   125 input of NOR
gates 116, 131, to inverter 94, form a flip-flop latch. One of the inputs
for  and is coupled by an inverter to an input of NOR gate 182 is power on
reset, POR. The      NOR gate 187. The output of inverter 94 output of NOR
gate 181 is coupled to another  goes to an input of NOR gate 98. Another of
the inputs of NOR gate 182 and also       input for NOR gate 98 comes from
NOR gate 65 coupled to an input of NOR gate 183. A    130 97. One input for
NOR gate 97 comes from 



4                                                                     GB2
027238B      4 AND gate 96 which has two inputs, phase 1    2 of the clock
cycle AND gate 121 , NOR. gate clock input and the output, [err], from NOR
122, transistors 123, 124, and inverter 126 -gate 197. A second input for
NOR gate 97    serve as a fast interrupt vector request latch comes from
NOR gate 99. NOR gate 99 has     and provide output VF. The mask bit, F,
for 5 as an input phase 2 clock signal, clear wait  70 the fast interrupt
request from condition code signal (CWAI) coupled by inverter 101, an
register 24 (Fig. 1) serves as an input to NOR inverted halt signal (HOLD),
and the output  gate 127 and to inverter 128. A second input from inverter
1 52.                          for NOR gate 127 is the halt signal, HAL.
The Now another input to NOR gate 98 is from   output of NOR gate 127 goes
to an input of. 10 inverter 104.. NOR gate 98 also receives an  75 AND gate
121 and to inverter 119.'The input (ARM) from inverter 159 which serves to
output of inverter 119 serves as an input for inhibit NOR gate 98 following
reset and prior  NOR gate 1 18. The output of inverter 128 to the stack
being loaded. The output of NOR  goes to an input of AND gate 129 and a
gate 98 goes to NOR gate 133 and to NOR      second input to AND gate 129
is coupled by 1 5 gate 1 02. NOR gate 102 also receives an  80 inverter 132
and field effect transistor 114 input from AND gate 103. The output from
from synchronization circuit 83. A second NOR gate 102 is coupled by field
effect      input for NOR gate 131 comes from the transistor 107, inverter
109, and field effect  priority circuit for the non-maskable interrupt
transistor 108 to an input of AND gate 103.  request. The output of NOR
gate 131 is 20 A second input for AND gate 103 comes from    85 coupled by
inverter 163 to an input of NOR NOR gate 106. The output, VN, from inverter
gate 164 and serves to inhibit an interrupt 109 serves as the vector
request latch output,  request (lRQ) when a non-maskable interrupt VN, for
the non-maskable interrupt. An input  (NMI) or a fast interrupt request
(FIRQ) is signal, GP58, indicating that processor 10 is  present. 25
processing an instruction is coupled into inver-  90  An interrupt request
input (IRQ) is coupled ter 112 by field effect transistor 113. The  by
synchronization circuit 83 into an input of input to inverter 112 serves to
reset the NMI  NOR gate 164. The output of NOR gate  164 latch formed by
NOR gate 102, AND gate       is inverted by inverter 166 and coupled by a
103, and inverter 109. This input signal .   field effect transistor,
enabled by phase 1 of 30 thereby prevents a non-maskable interrupt  95 the
clock signal, back into an input of NOR from occurring in the middle of an
instruction  gate 164. This input to NOR gate 164 also is cycle. The output
of inverter, 112 goes to an  coupled to an input of NOR gate 187 to input
of NOR gate 111. A second input for    terminate a sync instruction once an
interrupt NOR gate 111 comes from the output of NOR   . request (IRQ) is
received. The output of inver- 35 gate 102 which is coupled by field effect
100 ter 166 also goes to NOR gate 167. A second transistor 107. The output
of NOR gate 111   input for NOR gate 167 comes from NOR goes to an input of
NOR gate 106, and power  gate 97. The output of NOR gate. 167 goes to on
reset, POR, serves as a second input for  an input of NOR gate 172 and to
an input of NOR gate 106.                                NOR gate 133. The
output of NOR gate 172 40   A fast interrupt request (FIRQ) is coupled by
105 is coupled by a field effect transistor, enabled synchronization
circuit 83 and field effect  by phase 1 of the clock signal, and by
inverter transistor 114 into a first input of NOR gate  173 to form output
VI. Logic gate 171, 172, 116. This input serves as the unmasked fast  the
two field effect transistors, and inverter interrupt input, UF, and is
coupled by inverter  1 73 serve the function of a vector request 45 132 to
an input of AND gate 12.9, and is also  110 latch for the interrupt request
input. The out- used as an input to NOR gate 187. The input  put of
inverter 173 is also coupled by a field that goes to NOR gate 187 is
coupled by an   effect transistor, enabled by phase 2 of the inverter and
serves to clear the sync latch  clock signal, to an input of AND gate 1 71.
when a fast interrupt request is received. The  The output of AND gate 1 71
serves as a 50 output of NOR gate 116 is coupled by inver-  11 5 second
input for NOR gate 1 72. A second ter 1 1 7 and by a field effect
transistor, which  input for AND gate 171 comes from NOR' is gated on by
phase 1 of the clock signal,  gate 169. NOR gate'169 receivesthe halt back
into the first input of NOR gate 116.   input, HAL, and. also receives an
input, I, from The output of inverter 1 17 also goes to an  condition code
register 24 (of Fig. 1) indicat- 55 input of NOR gate 1 18. NOR gate 1 18
also    120 ing whether the interrupt request is masked or receives input
from NOR gate 97 and from     not.. The output of. NOR 169 also goes to an
inverter 1 19. The. output of NOR gate 1 18  input of inverter 168 whose
output serves as goes to an input  of NOR gate 122, and a     an input for
NOR gate 167. NOR gates 98, second input for gate 122 comes from AND
118, and 167 provide inputs to NOR gate 60 gate 121. The output of gate 122
is coupled   125 133. The output, INTQ, of NOR gate 133 by field effect
transistor 1 23, inverter 126,  indicates whether an interrupt has been re-
and field effect transistor 1 24 to an input of  ceived by processor 10.
AND gate 121. Field effect transistor  123 is  An output of NOR gate 133 is
used as an enabled by phase 1 of the clock cycle while  input for NOR gate
134. An output, [err], 



65 field effect transistor 124 is enabled by phase  130 from NOR gate 197
is also coupled by inver-    5
GB2027238B        5 ter 1 36 as an input for NOR gate 1 34. The    of the
method of carrying out the present output of NOR gate 134 serves as an op
code    invention. The digital processor recognizes a to force-a-wait
(FWA). FWA is generated        clear and wait instruction, and in response
whenever an unmasked interrupt occurs pro-     thereto clears selected bits
in the condition 5 vided that preceding the interrupt a clear-and-   70
code register by ANDing the contents of.the wait instruction (CWAI) has not
placed the     condition code register with contents from a processor in a
stopped state waiting for an    storage location. Preferably the storage
loca- interrupt. The FWA is used to tell processor   tion is in a memory
associated with the digital 10 not to fetch the next op code from ROM
processor and its contents have been prese- 10 but instead to generate a
new op code in the  75 lected to provide the desired results within the
processor itself.                              condition code register. It
will be noted that OR gate 137, AND gate 138, NOR gate          with the
proper selection of the contents in 139, and inverter 141 provide a toggle
incre-  the storage location the contents of the condi- menter inhibit
signal TINO. OR gate 137        tion code register may not be changed when
1 5 receives two inputs and provides an output  80 the two are logically
ANDed. On the other which is used as one of the inputs for AND     hand,
one or all of the bits contained in the gate 1 38. The second input for AND
gate       condition code register can be cleared or 138 is DOI. OR gate
139 receives the output    modified depending upon the contents of the from
AND gate 138, and FWA, TE42 and           stroage location. 20 TE43 and
provides an output to inverter 141.   85  As explained in the related
applications, Inverter 141 provides output TINO.             which are
hereby incorporated herein by refer- The output of NOR gate 133 is also
cou-      ence, an E bit can be set in the condition pled by a field effect
transistor to an input of  code register of processor 10 to indicate that
AND gate 146. The output of AND gate 146       all the programmable
registers are being 25 serves as an input for NOR gate 147. NOR     90
stacked. This permits the processor to deter- gate 147 also receives an
input from NAND      mine at the beginning of the return from gate 143
which is coupled by a field effect    interrupt instruction whether all of
the regis- transistor and inverter 144. NAND gate 143     ters must be
unstacked. Once the E bit is set has an input, GP64, indicating the end of
an   the registers are then stacked and the proces- 30 instruction, and
also has an input coupled by    95 sor is now in condition for assuming the
wait inverter 142 which indicates a return from     for interrupt mode. The
processor will con- interrupt instruction (RTI). The output of NOR  tinue
in the wait for interrupt mode until an gate 147 is coupled by a field
effect transistor  interrupt occurs. When a (non-masked) inter- to an input
of NOR gate 148. A second input    rupt occurs, no further machine state
will be 35 for gate 148 is power on reset (POR). The   100 saved before
vectoring to the interrupt hand- output of NOR gate 148 goes to inverter
ling routine. 1 52, a first input of OR gate 1 53, and is      A fast
interrupt (FIRQ) will enter its interrupt coupled by a field effect
transistor enabled by  handler with its entire processor state saved. phase
2 of the clock signal and inverter 1 51  The return from interrupt
instruction will auto- 40 and by a second field effect transistor enabled
105 matically return the entire processor state after by phase 1 of the
clock signal to a second     testing the E bit of the recovered condition
input of OR gate 153. The output of OR gate    code register. 153 serves as
an input for NAND gate 154.        By now it should be appreciated that
there The second input of OR gate 1 53 also serves   has been provided a
microprocessor having a 45 as an input for NOR gate 149. NOR gate 149  110
single instruction for performing a clear and has a second input which is
software interrupt  wait operation. This feature prohibits the pro- (SWI).
A second input for NAND gate 154 is     cessor from responding to a
premature inter- POR. The output, GP58, of NAND gate 154        rupt input.
indicates a particular cycle time of an instruc- 50 tion and is coupled to
inverter 1 1 2 by field  11 5 CLAIMS effect transistor 11 3. The output of
NOR gate   1. A method of performing a clear and 149 goes to an input of
AND gate 146. Logic    wait operation with a single instruction in a gates
146, 147, 148, 149 along with inver-     processor having a plurality of
programmable ter 1 51 and three field effect transistors form  registers
including a condition code register, 55 a latch for latching a
clear-and-wait instruction  120 the method comprising: ANDing an immediate
(CWAI). The clear-and-wait latch is cleared    byte with contents of the
condition code regis- upon receipt of an interrupt from an external  ter so
that the condition code register may be device.
cleared if desired, the immediate byte being NOR gate 156, inverters 157,
159, 160,       obtained from preselected contents of a mem- 60 158, and
AND gate 162 form a non-maskable  125 ory location; inhibiting a
non-maskable inter- interrupt arm latch. NOR gate 1 56 receives    rupt
during the ANDing of the immediate byte two inputs indicating that the
stack has been  with the contents of the condition code regis- loaded, and
inverter 1 58 couples POR to an    ter; stacking the plurality of
programmable 



input of AND gate 162.                         register to save state of
the processor at time 65   Fig. 3 illustrates a simplified flow diagram
130 of performing the clear and wait operation;    GB 2 027 238B     5 ter
136 as an input for NOR gate 134. The      of the method of carrying out
the present output of NOR gate 134 serves as an op code    invention. The
digital processor recognizes a to force-a-wait (FWA). FWA is generated
clear and wait instruction, and in response whenever an unmasked interrupt
occurs pro-    thereto clears selected bits in the condition 5 vided that
preceding the interrupt a clear-and-   70 code register by ANDing the
contents of the wait instruction (CWAI) has not placed the     condition
code register with contents from a processor in a stopped state waiting for
an    storage location. Preferably the storage loca- interrupt. The FWA is
used to tell processor   tion is in a memory associated with the digital 10
not to fetch the next op code from ROM      processor and its contents have
been prese- 10 but instead to generate a new op code in the    75 lected to
provide the desired results within the processor itself.
condition code register. It will be noted that OR gate 137, AND gate 138,
NOR gate          with the proper selection of the contents in 139, and
inverter 141 provide a toggle incre-  the storage location the contents of
the condi- menter inhibit signal TINO. OR gate 137        tion code
register may not be changed when 15 receives two inputs and provides an
output  80 the two are logically ANDed. On the other which is used as one
of the inputs for AND     hand, one or all of the bits contained in the
gate 1 38. The second input for AND gate       condition code register can
be cleared or 138 is DOI. OR gate 139 receives the output    modified
depending upon the contents of the from AND gate 138, and FWA, TE42 and
stroage location. 20 TE43 and provides an output to inverter 141.   85  As
explained in the related applications, Inverter 141 provides output TINO.
which are hereby incorporated herein by refer- The output of NOR gate 133
is also cou-      ence, an E bit can be set in the condition. pled by a
field effect transistor to an input of  code register of processor 10 to
indicate that AND gate 146. The output of AND gate 146       all the
programmable registers are being 25 serves as an input for NOR gate 147.
NOR    90 stacked. This permits the processor to deter- gate 147 also
receives an input from NAND      mine at the beginning of the return from
gate 143 which is coupled by a field effect   interrupt instruction whether
all of the regis- transistor and inverter 144. NAND gate 143     ters must
be unstacked. Once the E bit is set has an input, GP64, indicating the end
of an  the registers are then stacked and the proces- 30 instruction, and
also has an input coupled by    95 sor is now in condition for assuming the
wait inverter 142 which indicates a return from     for interrupt mode. The
processor will con- interrupt instruction (RTI). The output of NOR  tinue
in the wait for interrupt mode until an gate 147 is coupled by a field
effect transistor  interrupt occurs. When a (non-masked) inter- to an input
of NOR gate 148. A second input    rupt occurs, no further machine state
will be 35 for gate 148 is power on reset (POR). The  100 saved before
vectoring to the interrupt hand- output of NOR gate 148 goes to inverter
ling routine. 152, a first input of OR gate 153, and is       A fast
interrupt (FIRQ) will enter its interrupt coupled by a field effect
transistor enabled by  handler with its entire processor state saved. phase
2 of the clock signal and inverter 1 51  The return from interrupt
instruction will auto- 40 and by a second field effect transistor enabled
105 matically return the entire processor state after by phase 1 of the
clock signal to a second     testing the E bit of the recovered condition
input of OR gate 153. The output of OR gate    code register. 153 serves as
an input for NAND gate 154.        By now it should be appreciated that
there The second input of OR gate 153 also serves    has been provided a
microprocessor having a 45 as an input for NOR gate 149. NOR gate 149  110
single instruction  for performing a clear and has a second input which is
software interrupt  wait operation.. This feature prohibits the pro- (SWI).
A second input for NAND gate 154 is     cessor from responding to a
premature inter- POR. The output, GP58, of NAND gate 154.       rupt input.
indicates a particular cycle time of an instruc- 50 tion and is coupled to
inverter 112 by field  115 CLAIMS effect transistor 113. The output of NOR
gate    1. A method of performing a clear and 149 goes to an input of AND
gate 146. Logic    wait operation with a single instruction in a gates 146,
147, 148, 149 along with inver-     processor having a plurality of
programmable ter 151 and three field effect transistors form  registers
including a condition code register, 55 a latch for latching a
clear-and-wait instruction  120 the method comprising: ANDing an immediate
(CWAI). The clear-and-wait latch is cleared    byte with contents of the
condition code regis- upon receipt of an interrupt from an external  ter so
that the condition code register may be device.
cleared if desired, the immediate byte being NOR gate 156, inverters 157,
159, 160,       obtained from preselected contents of a mem- 60 158, and
AND gate 162 form a non-maskable  125 ory location; inhibiting a
non-maskable inter- interrupt arm latch. NOR gate 156 receives    rupt
during the ANDing of the immediate byte two inputs indicating that the
stack has been  with the contents of the condition code regis- 



loaded, and inverter 158 couples POR to an     ter; stacking the plurality
of programmable input of AND gate 162.                        register to
save state of the processor at time 65   Fig. 3 illustrates a simplified
flow diagram  130 of performing the clear and wait operation;    GB2027238B
and waiting for an interrupt to occur so the interrupt can be directly
handled, and return- ing the processor to normal program excution after
servicing the interrupt. 5    2.  A method as claimed in Claim 1.includ-
ing clearing preselected bits in the condition code register during the
ANDing of the imme- diate byte with the contents of condition code
register. 10    3.  A method of performing a clear and wait operation with
a single instruction in a microprocessor having a plurality of program-
mable registers including a condition code register, the microprocessor
being capable of 15 responding to a plurality of interrupts, wherein one of
the plurality of interrupts is a non- maskable interrupt, the method
comprising: recognizing a single clear and wait instruction and in response
to the single clear and wait 20 instruction, inhibiting the non-maskable
inter- rupt temporarily, clearing at. least one bit in the condition code
register while the non-.. maskable interrupt is inhibited, stacking the
plurality of programmable registers, and wait- 25 ing for an interrupt to
occur so that the. interrupt can be serviced. 4.  A method of performing a
clear and wait function by a single instruction in a digital process having
a plurality of stackable 30 registers, the method comprising: ANDing
contents from a storage location with contents of a condition code register
to be able to clear any of the contents of the condition code register, the
storage location being in a mem- 35 ory associated with the digital
processor; stacking the plurality of stackable registers to save state of
the processor; and waiting for an interrupt to occur so that the interrupt
can be serviced by the processor. *  40    5.  The method of claim 4
further includ- ing clearing a predetermined bit in the condi- tion code
register during ANDing of the con- tents of the condition.code register
with the contents from the storage location. 45.  6.  A method of
performing a clear and wait operation by means of a processor sub-
stantially as hereinbefore described and as shown in the accompanying
drawings. Printed for Her Majesty's Stationery Office by Burgess & Son
(Abingdon) Ltd.-1982. Published at The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


