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10EX 15A2 15A3 16D 16J FI SX (54) MICROPROCESSOR SYSTEM (71)   We,
FAIRCHILD  CAMERA  a small number of packages, which have a  50 AND
INSTRUMENT  CORPORA-   large number of external connectors or TION  of 464
Ellis Street, Mountain  pins. View, California 94042, United States of
The typical prior art microprocessor 5  America, a corporation organised
and  architecture requires that a program existing under the laws of the
State of counter be included in the central  55 Delaware, United States of
America, do  processing unit, and that this counter select hereby declare
the invention, for which we  the particular external memory to be pray that
a patent may be granted to us, and  addressed  for retrieving  program 10
the method by which it is to be performed, instruction codes. The use of a
program to be particularly described in and by the  counter in the CPU.
requires the use of a  60 following statement:-
multiple-bus structure between the CPU This  invention  relates  to  a  and
the memory. microprocessor system comprising a first   That is, at least
one separate dedicated 15  large scale integrated circuit forming  bus is
employed for transferring data, and central processing unit, a second large
scale  another dedicated bus for transferring  65 integrated circuit
forming a circuit and  addresses to the memory. The net result is means for
interrupting system operations.  that a larger number of pins are required
on The development of large-scale  the CPU chip. Another approach in the 20
integrated circuits (LSI) has made possible  prior art has been to employ a
single bus the design of microprocessor systems which  between the CPU and
an external memory,  70 are capable of performing specialized  wherein data
and addresses are time- computer functions. A microprocessor may
multiplexed along the bus. This technique comprise the control and
processing  has a distinct disadvantage of requiring 25  porti on  of  a
small  computer.  more complex circuitry, and a loss of Microprocessors,
like  all computer process time for the multiplexing operation.  75
processors, can perform  both arithmetic   In accordance with the present
and logic functions in a bit-parallel manner invention, a microprocessor
system under the direction of a stored program. comprising a first large
scale integrated 30  Microprocessors, then, are inherently  circuit forming
a central processing unit, a programmable. When placed in a system  second
large scale integrated circuit  80 with peripheral memory circuits to
provide  forming a memory circuit, and means the control program, and with
input-and- arranged to interrupt system operations: output circuits, a
microprocessor system is   (a) the central processing  unit 35  obtained
which has a power of computation  comprising: less than that of a
minicomputer. As large   (1) data transfer means arranged to  85 scale
integration  technology advances,   transfer data; however, the power of
computation of   (2) at least one input/output port means microprocessor
systems approaches that of  coupled to the data transfer means and 40
minicomputers.                             arranged to enter data into and
to Microprocessor systems generally derive  dispatch data from said system;
90 their organization from the organizational   (3) storing means arranged
to store and architectural concepts established from  instruction codes to
be executed by computers and  minicomputers. The          said system and
having input terminals 45  placement of a central processing unit,
coupled to the data transfer means; memory circuits, input-and-output
circuits  (4) first decoding means arranged to  95 and miscellaneous
support circuitry on a   supply first control signals to the minimum
number of integrated circuit      central processing unit and second chips
inherently entails the employment of  control signals to the memory
circuit,    2                                      1,527,513 the first and
second control signals    interrupt control means and an '65 being derived
by the first decoding    interrupt address generation means means in
accordance with instruction    both located in the memory circuit; codes
stored in the storing means;    (2) the interrupt logic means being 5
(5) computing  means arranged to          arranged to supply an interrupt
perform  arithmetic computations      interrogate signal in response to a
70 



coupled to the data transfer means;     predetermined status of operation
of the system and being coupled to the (6) accumulating means arranged to
first decoding means so that system accumulate results of the computing
interrupts occur in synchronization 10  means coupled between input and
with system operations;              75 output terminals thereof;
(3) said interrupt control means being (7) random  access memory means
arranged to receive interrupt signals coupled between input and output
from external sources and in response terminals of the computing means and
thereto supplying an interrupt service 15      arranged to store results of
the         request signal to said interrupt logic  80 computing means;
means and the interrupt address (8) gating means coupling said output
generation means; and terminals of the computing means with   (4) the
interrupt address generation the data transfer means;                means
being arranged to supply 20    (9) means arranged to transmit said
address information to the code   85 instruction codes from  the storing
storage means in response to the means to one or more of the first
interrupt service request signal, decoding  means, the computing
wherein   operation of  the means, and the random access memory
microprocessor system in accordance 25      means;
with a first sequence of instruction  90 (10) means coupling said first
control   codes is interrupted in response to an signals from said first
decoding means  interrupt signal in coincidence with an to said
input/output port means, the    interrupt interrogate signal to change
storing means, the computing means,     system operation to a second
sequence 30      the accumulating means, the random       of instruction
codes retrieved from   95 access memory means, the data           said
storage means at an address transfer means, and the gating means,
generated by the interrupt address whereby operation of the central
generation means. processing unit is controlled by the    The present
invention is further 35      first control signals in accordance with
explained below  with reference to 100 the instruction codes;
the accompanying drawings, in which: (b) the memory circuit comprising:
Fig. 1 is a block diagram of an illustrative (I) code storage means
arranged to store  microprocessor system  embodying the a multiplicity of
the instruction codes  present invention; 40      for the system;
Fig. 1a is a schematic diagram  of an 105 (2) second decoding means
arranged to  alternate type of external circuit for receive the second
control signals from   controlling the frequency of the CPU the first
decoding means in the central  internal oscillator; processing unit and for
generating    Fig. 2 is a block diagram of the single- 45      third
control signals in accordance  chip  large scale integration  central 110
with the second control signals to  processing unit  (CPU)  of the control
operation of the memory  microprocessor system  of the present circuit;
invention; (3) means arranged to address said code    Fig. 2a is a logic
diagram of the clocking 50      storage means in response to the third
circuits 56;                         115 control signals, thereby to
retrieve    Fig. 2b is a timing diagram illustrating the selected
instruction codes- from  the  timing relationship of the clock signals
storage means in response to the  generated in the clock circuits 56;
second control signals from the first    Fig. 3 is a block diagram of the
sequential 55      decoding  means in the central  control circuit for the
CPU;                 120 processing unit; and,            '    Fig 4 is a
logic diagram of the one bit (4) means arranged to transfer said  position
of a typical input-and-output port; retrieved instruction codes to said
Fig. 5 is a logic diagram  of one bit storing means to store instruction
position of the transfer gate and instruction 60      codes; and
register within the CPU;                 125 (c) the means arranged to
interrupt    Fig. 6 is a logic diagram of the interrupt system operations
comprising:           logic within the CPU; (1) an interrupt logic means
located in Fig. 7 is a unitary diagram showing the the central processing
unit, and an  relationship between Figs. 7a and 7b;    3
1,527,513                                 3 Figs. 7a and 7b are a
combination logic  The CPU  circuit has two input-and- and block diagram
of the accumulator  output ports (hereafter called I/O ports) 31 register,
the status register and the   and 32, which I/O ports are employed for
arithmetic logic unit of the CPU;         receiving data from or
transmitting data to 5     Fig. 8 is a block diagram of the single-
input-and-output devices (not shown). Each  70 chip large scale integration
ROM circuit of  I/O port in this embodiment is capable of 



the present invention;                    receiving or transmitting 8-bits
of data; or Fig. 9 is a logic diagram  of the I/O   an 8-bit byte. The CPU
20 also contains a port address select circuit;              random access
memory (RAM) 33, which 10    Fig. 10 is a logic diagram of the interrupt
memory is employed by the CPU as a "scratch  75 control circuit;
pad"  memory  while  performing Fig. 11 is a logic circuit diagram of the
computations and operations. clock circuits for the ROM circuit;
The CPU circuit 20 is coupled to the Fig. 12 is a logic diagram of the
timer and   ROM circuit 22 by means of a data bus 34. 15  the interrupt
address generator;          The data bus 34 is also employed for  80 Fig.
13 is a combined logic-block   transmitting data to and receiving data
diagram  of the program  counter, stack   from  additional circuits (e.g.,
additional register and data counter for the ROM    ROM  circuits not
shown) that may be circuit;                                 employed with
the microprocessor system 20    Fig. 14 is a planar view of the CPU in   of
the present invention. In addition, a  85 integrated form;
control bus 36 is coupled between the CPU Fig. 15 is a planar view of the
ROM    circuit 20 and the ROM circuit 22, which circuit in integrated form.
transmits control signals generated within Referring now to the drawings
and in  the CPU 20. The control bus 36 is also 25  particular to Fig. 1, a
block diagram of a  employed for transmitting control signals to  90
microprocessor system  embodying the  additional circuits (not shown) that
may be present invention is shown. The illustrated   employed with the
microprocessor system embodiment comprises two large scale  of the present
invention. In addition, two integrated circuit chips; the first of which is
I/O ports 31 and 32, are provided in the 30  a Central Processing Unit
(CPU) 20, and   ROM  circuit 22. Voltage is supplied  95 the second is a
Read Only Memory (ROM)  to the ROM  circuit 22 from one or more circuit 22.
power supplies by means of input lines 41. Voltage is supplied to the CPU
20 from   The ROM circuit 22 contains a program one or more power supplies
by means of  counter 42 for sequentially addressing a 35  input lines 23.
The CPU circuit 20 operates  memory contained within the ROM circuit 100 in
response to an internal oscillator having  to effect retrieval of program
instruction a frequency of operation determined by an  codes stored in the
memory. The program RC circuit comprising a resistor R1O and a  instruction
codes are used for directing capacitor CIO. Resistor R1O is coupled
operations of the microprocess system 40  between a source of positive
voltage and a    Both the CPU 20 and the ROM circuit 22  105 first input
line 24 of the CPU circuit 20.  have circuit provisions for interrupting
Capacitor CIO is coupled between the input  normal program operations when
data is to line 24 and an input line 26 of the CPU   be accepted from or
supplied to the input- circuit 20. Line 26, for this particular circuit
and-output devices. In particular, the CPU 45  configuration, is also
coupled to ground  20 contains an interrupt circuit 44 and the  110
potential. A third input line 28 is provided   ROM  22 circuit contains an.
interrupt for use with a different type of external  circuit 46. An
interrupt priority in signal is circuit for oscillator reference that will
be  supplied from the interrupt circuit 4 to the explained in greater
detail hereinbelow.    interrupt circuit 46 by means of a line 48. 50
Clock signals, which are generated  The interrupt priority-in signal is
generated  115 within the CPU 20, are supplied to additional  within the
CPU  20 and operates to circuits of the system (e.g., the ROM circuit
interrogate any interrupt requests which 22) by means of lines 29. These
clock  may exist within the system. When an signals are employed for
synchronizing the  input/output device requests service for an 55
operation of the complementary circuits  input or output. operation, an
interrupt  120 (e.g., the ROM  circuit 22) of the system   service request
signal is supplied from the with the CPU 20 operation. An external
interrupt circuit 46 to the interrupt circuit reset signal is supplied to
the CPU 20 by  44 by means of a line 50. The line 50 may means of a line
30. The external reset  also be connected to the interrupt circuits 60
signal, when supplied to the CPU, initiates  of additional ROM  circuits
(not shown),  125 operation at zero or the beginning address.  which may be
employed with the system of A single external reset signal supplied on  the
present invention. line 30 resets the complementary circuits as    An
external interrupt signal may be well as the CPU  circuit. Normally, an
supplied to the interrupt circuit 46 by 65  external reset signal is not
required.    means of an input line 52. An interrupt  130    4
1,527,513 priority out signal is supplied on a line 53 to  are coupled to
an external reference circuit  65 other ROM circuits coupled to the system.
(Figs. 1 and la), are connected to clock An interrupt of the system
operation occurs  circuits 56. The clock circuits generate two under one of
two conditions. First, an  clock signals for all circuits in the 5
external interrupt signal supplied on the line  microprocessor system  at a
frequency 52 in combination with an interrupt interro-  determined by the
external reference  70 



gate sigal supplied on line 48 generates n  circuit. In particular, the two
clock signals interrupt service request signal on the line  are supplied to
all the CPU circuits by 50. Secondly, an interrupt priority-in signal
means of lines 58. For simplification of the 10  in combination with an
output signal from  drawings, the lines 58 are not shown an internal timer
(not shown in Fig. 1) will connected to the individual circuits within  75
likewise generate an interrupt service  the CPU 20. In addition, external
clock request signal on the line 50. This will be  signals are supplied on
the lines 29 from the further explained  hereinbelow. The  clock  circuits
56 for synchronizing 15  interrupt service request signal causes the
complementary  circuits of the CPU 20 to suspend normal operation and
microprocessor system.                   80 respond to or service the
request for an    The data bus 34, which is coupled input or output
operation, so that system   between the CPU 20 and the ROM circuit
interrupts occur in synchronization with  22, is connected to an internal
data bus 60 20  system operations.                       by means of a
buffer circuit 62. The I/O In operation, the CPU 20 generates all ports 31
and 32 are coupled between 1/0  85 the necessary control and timing signals
to   devices (notshown) and the internal data operate the microprocessor
system, and the bus 60. The internal data bus 60 is coupled CPU executes
the operations specified in in parallel to an instruction register 64 by 25
the program instruction codes which are  means of lines 65 and to a
transfer gate 66 stored in the ROM circuit 22. At least one  by means of
lines 67, respectively. The  90 memory circuit, such as the ROM circuit
output of the transfer gate 66 is coupled to a 22, is coupled to the CPU
20. The sequence right multiplexer bus 68 by means of lines of operations
begins when the CPU 20  69. The instruction register 64 is coupled to 30
transmits control signals on the control bus  the right multiplexer bus 68
by means of 36 to the ROM  circuit 22. The control  lines 70, to the
address input of the random   95 signals effect the retrieval of
instruction  access memory 33 by means of lines 71, and codes from the
memory in the ROM circuit directly to a sequential control circuit 72 by
22. The instruction codes thus retrieved are  means of lines 73. 35
transmitted by means of the data bus 34 to    In accordance with a
preferred the CPU  circuit 20 for decoding and  embodiment, data bus 34,
internal data bus 100 execution. The type of instruction code 60, and lines
65 and 67 each comprise 8 received by the CPU  circuit 20 will  lines. The
right multiplexer bus 68, and determine the sequence of subsequent  lines
69 and 70 each comprise 8 lines. The 40  control signals transmitted on the
control lines 71 coupling the instruction register to bus 36 to other
circuits for carrying out the the register 88 comprise 4 lines, whereas the
105 specified operations. Additional data may  lines coupling the register
88 to the RAM be retrieved from a memory; such as that      33 comprises 6
lines. The lines 73 coupling within the ROM circuit 22, or data may be the
instruction register 64 to the control 45  received from an I/O port (such
as I/O ports  circuit 72 comprise 16 lines. 31, 32, 38 or 40) or output
data may be    The sequential control circuit 72, which  110 supplied to
one of the I/O ports. essentially comprises a programmable logic array in
thus embodiment, decodes the Referring now to Fig. 1a, an alternate
program  instruction codes stored in the type of external reference circuit
for the  instruction register 64, and paces all the 50  CPU oscillator is
illustrated. In particular,  system  timing and data transfers for 115
input terminals 24, 26 and 28 of the CPU 20  program  execution. In
particular, the may be coupled to a crystal oscillator  control circuit 72
comprises a state register circuit for applications requiring a precise
and a control ROM. A typical program frequency of operation. A capacitor
C12 is  logic array, which may be employed for the 55  coupled between
input lines 24 and 28, and  sequential control circuit 72, is illustrated
in  120 input line 24 is coupled to ground potential. greater detail in
Fig. 3 and will be described A capacitor C14 is coupled between the
further hereinbelow. The contents of the input line 24 and a circuit point
54. A  instruction register 64 are supplied to the crystal is coupled
between circuit point 54  control circuit 72 by means of lines 73, and 60
and input line 28. Input line 26 is coupled  the CPU  20 timing and data
transfer  125 directly to the circuit point 54.       operations are paced
by means of signals Referring now to Fig. 2, a block diagram   supplied on
lines 74 to all circuits within of the organization of the CPU circuit 20
is the CPU. the timing and data transfer shown. The input lines 24,26 and
28, which  operations for the ROM  circuit 22 and    5
1,527,513  5 other complementary circuits of the system   terminals of the
logic unit 8O. The outputs are controlled by means of signals supplied  of
the registers 90 and 92 are coupled to the from the control circuit 72 on
the line 36.  left multiplexer bus 82 by means of lines 98 The interrtupt
logic 44 operates in  and 99, respectively, so as to be coupled 5
response to the interrupt service request  between input and output
terminals of the 70 signal supplied on the line 50. The output of  logic
unit 80. The output of the transfer 



the interrupt logic 44 is coupled to the  gate 94 is coupled to the
terminal data bus. control circuit 72 by means of a line 75. In   60 by
means of lines 100. addition, the interrupt interrogate signal is     In
operation, the sequence begins when 10   supplied to the ROM 22 (and other
the sequential control circuit 72 transmits  75 complementary circuits not
shown) by  the necessary control signals by means of means of the line 48.
Signals indicative of  the control bus 36 to the ROM  circuit 22 the state
of the control circuit 72 are  for retrieving an instruction code from the
suppliedto the interrupt logic 44 by means  memory. The instruction  code
is 15   of lines                      transmitted by means of the data bus
34 to  80 The external reset signal which is  the buffer circuit 62, where
the instruction supplied on the line 30, is applied to the  code is gated
onto the internal data bus 60. input of a power-on-detect circuit 76. The
The instruction code is then loaded into the power-on-detect circuit
operates to initiate  instruction register 64 by means of the lines 20
operation of the microprocessor system at  65. The status of the outputs of
the   85 zero or the beginning address. In particular,  instruction
register 64 are transmitted to a detection of "power up" causes the CPU
the sequential control circuit 72 by means 20 to disable the interrupt
system and load  of lines 73 for decoding. The resultant the program
counter 42 in the ROM 22 with  decoding establishes. the control sequence
25  all zeros before execution of operation  in executing the particular
instruction code  90 begins. An output signal from the power-  stored  in
the instruction register. The on-detect circuit 76, which indicates
sequential control circuit 72 transmits a "power up", is sup lied to the
control  multiplicity of signals in a series of timing circuit 72 by means
of a line 78. In addition,  intervals to the complementary circuits of 30
a signal supplied from the control circuit  the CPU 20 and the ROM-circuit
22 by  95 72, which indicates a power-on clear, is  means of the lines 36,
74 and 77. These supplied to the power-on-detect circuit 76. control
signals enable each of the by means of a line 79.
individual complementary circuits to Arithmetic operations are performed in
function in a manner which completes the 35  the CPU 20 by means of an
arithmetic logic  particular instruction code specified by the  100 unit
80. (ALU). Arithmetic logic units are  binary contents stored in the
instruction well known in the art, however the ALU   register 64. used in
this embodiment is illustrated in    Typically, most instruction codes
specify Figs. 7a and 7b, and will be explained  that two 8-bit bytes, also
called operands, 40  further hereinbelow. The ALU employed in  are combined
arithmetically in the ALU 80. 105 this embodiment of the microprocessor  A
first of these two operands is normally system  is a typical 8-bit parallel
logic  supplied from the accumulator register 90, network which has the
capability of  and transmitted to the ALU 80 by means of performing logical
functions, and operates  lines 98, left multiplexer bus 82 and lines 83. 45
in response to two operands. The first  The second operand is usually
supplied  110 operand is supplied to-ALU 80 from the right  from one of
several sources as determined multiplexer bus 68 by means of lines 81.  by
the instruction code sorted in the The second operand is suppplied to ALU
80  instruction register 64. For example, the from a left multiplexer bus
82 by means of  second operand may be supplied from the 50  lines 83. The
output of the ALU 80 is  RAM  33, the indirect RAM address  115 supplied to
a result bus 84 by means of lines  register 88, or external data supplied
by 85                             means of the iinternal data bus 60 and
the In this embodiment, the result bus 84  transfer gate 66. The ALU 80
combines the comprises 8 lines and transmits data in the  two operands
supplied front the left 55  form of 8-bit bytes to the RAM 33 by means
multiplexer bus 82 and the right multiplexer  120 of lines 86; to an
indirect RAM address   bus 68 by means of lines 83 and 81, register 88 by
means of lines 89; to an  respective y,and derives a result which is
accumulator register 90 by means of lines  transmitted to the result bus 84
by means of 91; to a status register 92 by means of lines  the lines 85.
The result derived in the ALU 60  93, and, to a transfer gate 94 by means
of  80 may be stored in the RAM  33, the  125 lines 95. The outputs of the
RAM 33 and  indirect RAM  address register 88, the the indirect RAM address
register 88 are  accumulator register 90, the status register coupled to
the right multiplexer bus 68 by  92, or it may be supplied to external
circuits means of lines 96 and 97, respectively so as  by means of the
transfer gate 94, and I/O 65  to be coupled between input and output  port
or the buffer 62.                   130    6
1,527,513 If the second operand is to be supplied by   an 8-bit byte of
data from an 10 port to the  65 the RAM 33, an address code is supplied to
accumulator register 90. The input the RAM 33 from  either the indirect RAM
instruction code is retrieved from the address register 88 or the four
least       memory in the ROM circuit 22 in the same 5 significant bits of
the instruction register 64   manner as described above for retrieval of by
means of the lines 71. The instruction  the output instruction code. The
sequential 70 



code stored in the instruction register 64, control circuit 72 transmits
control signals which is decoded by the sequential control  on the lines
74, which subsequently address circuit 72, determines which of the two   an
1/0 port to accept datafrom the external 10  sources of the RAM 33 address
is to be  I/O device. Data received by an I/O port used.
(e.g., I/O port 31 or 32) is transmitted along  75 In some of the
instruction codes to be   the internal data bus 60, through the transfer
executed by the CPU 20, the ALU 80   gate 66, along the right multiplexer
bus 68, generates status information concerning  through the ALU 80 without
modification, 15  the nature of the results supplied at the  along the
result bus 84, and finally to the output of the ALU 80 on the lines 85.
This  accumulator register 90 for storage.    80 status information is
transmitted to the     In summary, each of the instruction status register
92 by means of lines (not  codes for the microprocessor of the present
shown), which will be described further  invention effect unique system
functions in 20  hereinbelow, and is stored in the status   a manner
similar to that described above. register for future use in response to
The sequence of operation always begins  85 subsequent instruction codes.
with the retrieval of the next instruction Output instruction  codes, which
are   code to be executed from the ROM circuit frequently employed, direct
the transfer of 22, and the storing of this instruction code 25  the
contents of the accumulator register 90  in the instruction register 64 for
decoding to a particular I/Q port, or to the data bus  and  execution,
thereof. The instruction  90 34 by means of the buffer 62. The output  code
is always decoded by the sequential instruction code contains an address
that  circuit 72, whereupon the system control designates which of the I/O
ports or the  signals are derived and transmitted to the 30  buffer 62 is
to receive the contents of the   complementary circuits of both the CPU 20
register 90. In particular the sequential  and the ROM  22 circuits by
means of the  95 control circuit 72 initially generates the  lies 36, 74,
and 77. The control signals control circuit 72 initially generates the
activate the complementary circuits in such required control signals and
supplies these signals on the lines 36 to the ROM circuit    a way as to
complete the operation called 35  22. The control signals direct the
retrieval   for by the instruction code. At the of the next instruction
code from  the   completion of each instruction code, the 100 memory within
the ROM circuit 22. The  sequential control circuit 72 transmits
instruction  code  thus retrieved  is  control signals on the lines 36 to
direct the transmitted by means of the data bus 34,   retrieval of the next
instruction code to be 40  through the buffer 62 to the internal data
decoded and executed. Thus, a specific bus 60 for storage in the
instruction register   microprocessor system  operation can be 105 64. The
output instructioncode is supplied  implemented by storing in advance a to
the sequential control circuit 72 by  sequence of instruction codes in the
ROM means of the lines 73 for decoding. The   circuit 22, wherein the order
of the 45 sequential control circuit 72 decodes the instruction codes
determines the system output instruction code, and in response  function to
be performed              110 thereto transmits the required  control    In
the detailed description that follows, signals on the lines 74 to effect
the   the individual circuits of the CPU 20, as connection of internal data
paths between  delineated by the blocks in Fig. 2, are 50 the accumulator
register 90 and the address  described in greater detail. In addition, a
I/O port or buffer 62. The internal data path   block diagram showing the
organization of   115 is from the output of the accumulator          the
ROM circuit 22 is illustrated in Fig. 8 register 90 to the left multiplexer
bus 82 by   and described  hereinbelow, which  is means of the lines 98,
through the ALU 80        followed by a detailed illustration and 55 to the
result bus 84 without modification,  description of the individual circuits
of the through the transfer gate 94 to the internal  ROM  circuit.
.        120 data bus 60, and then to the addressed I/0      Referring now
to Fig. 2a, a combined port or buffer 62. The I/O ports employed     logic
block diagram of the clock circuits 56 in the present invention are adapted
for  is illustrated .Input terminals 24,26 and 28 60 storing an 8-bit byte
of data by means of   are coupled to an oscillator and clock logic latches
which will be explained in greater   1300. The oscillator 1300 has a
preferred  125 detail hereinbelow.                        operating range
from  500 kilohertz to 2 megahertz. Two clock signals are supplied Input
instruction codes, which  are    from the oscillator 1300 on lines 1301 and
frequently employed, direct the transfer of  1302, respectively. The lines
1301 and 1302    1,527,513                                    7 are coupled
to the [err] and [err] inputs of flip-    Referring now  to  Fig. 2b, a
timing flops 1304, 1305 and 1306. The true (Q)  diagram of the circuit
illustrated in Fig. 2a output of the flp-flop 1304 is coupled to the  is
illustrated. Waveform  133O represents first of three inverted inputs of an
AND   the single clock signal generated by the 5   gate 1308, to the first
of four inverted inputs  oscillator (not shown) in the oscillator and  70 



of an AND gate 1309, to the first of two  clock logic 1300. Waveform  1330
also inputs of a NOR gate 1310, and to the first  represents the second
synchronization of three inverted inputs of an AND gate  signal supplied on
the line 29a through the 1311. The true (Q) output of the flip-flop
amplifier-driver 1322. (Fig. 2a). Waveforms 10  1305 is coupled to a second
inverted input  1331 and 1332 represent the clock signals  75 of the AND
gate 1309, and to the input of  supplied on the lines 1301 and 1302, an
inverter 1312. The output of the inverter  respectively. Waveform 1333
represents the 1312 is coupled to the "D" input of the flip-  signal
appearing at the output of the AND flop 1306, to a second inverted input of
the  gate 1311, and the first synchronization 15  AND gate 1311, and to a
second inverted  signal supplied on the line 29b. Waveforms  80 input of
the AND gate 1308. The true (Q)  1334 and 1335 represent the clock signals
output of the flip-flop 1306 is coupled to the  supplied on the lines 58a
and  58b, third inverted inputs of the AND gates 1308  respectively. and
1309. The not true (Q) of the flip-flop    The frequency of the clock
signals 20  1306 is coupled to the third inverted input  supplied on the
lines 58a and  58b   85 of the AND gate 1311.                    can be
changed as a result of a signal The fourth inverted input of the AND
supplied  on the line 74af. When a gate 1309 is coupled to a line 74af from
the  low level signal is supplied on the line 74af control circuit 72. The
signal supplied on  six  cycles of the clock  signals as 25  the line 74af
operates to cause the clock  represented by the waveforms 1331 and   90
circuits to count six clock signals per  1332 are required to generate a
single cycle machine cycle in lieu of the four clock  of the clock signals
to be supplied on the signals per machine cycle normally  lines 58a and 58b
(i.e., waveforms 1334 and employed. The output of the AND gate  1335) in
lieu of the four cycles normally 30  1308 is coupled to the first of two
inputs of  required as illustrated.             95 an OR gate 1313. The
output of the AND      Referring now to Fig. 3, the organization gate 1309
is coupled to the second input of  of the sequential control circuit 72,
and the OR gate 1313 and the second input of  connections to the
instruction register 64 the NOR gate 1310.                       are
illustrated in greater detail. In one 35    The output of the AND gate 1311
is  embodiment, instruction  register 64 100 coupled to the input of an
inverter 1314,  comprises 8 flip-flops where each of the and to theinput of
an amplifier-driver 1315.  lines 65 are connected to corresponding The
output of the amplifier-driver 1315 is  data ("D") inputs of each of the 8
flip-flops, coupled to the line 29b, which transmits a  respectively. The
lines 73 which are 40  first synchronization  signal to  connected between
the instruction register 105 complementary circuits (e.g., ROM circuit  64
and the sequential control circuit 72 are 22) of the system. The output of
the inverter  connected to a portion of the address input 1314 is coupled
to the input of an inverter  of a Read Only Memory (ROM) 102. Both 1316,
and to the first of two inverted inputs  the true and not true outputs of
each flip- 45  of an AND gate 1318. The output of the  flop within the
register 64 are connected to  110 inverter 1316 is coupled to the first of
two  the address input of ROM  102. The true inverted inputs of AND gate
1320. The  output of the low-order four flip-flops of output of the AND
gate 1320 is coupled to a  register 64 comprise the lines 71. Two clock
line 58a of the lines 58 (Fig. 2), and to the  signals are supplied to the
clock inputs of 50  second inverted input of the AND gate  the register 64
by means of the lines 58 (Fig.  115 1318. The output of the AND gate 1318
is  2). coupled to a line 58b, and to the second    The clock signals
supplied on the lines 58 inverted input of the AND gate 1320.     are also
connected to the clock inputs of a A single clock signal is generated by
the  state register 106. State register 106 55  oscillator (not shown)
within the oscillator  comprises four flip-flops having both the  120 and
clock logic 1300 which is employed for  true and not true output terminals
coupled generating the two complementary clock  to a portion of the address
input of the signals supplied on the lines 1301 and 1302.  ROM  102. Four
output terminals of the The single clock signal from the oscillator is  ROM
102 are coupled to the input 60  supplied to the input of an
amplifier-driver  terminals of the four flip-flops within the  125 1322.
The output of the amplifier-driver  register 106 by means of lines 108. The
1322 is coupled to the line 29a, which  lines 108 comprise the state lines
for the transmits a second synchronization signal sequential control
circuit 72, and indicate to the complementary circuits of the  the last
state of the circuit 72 (or a portion 65  system.
of the last output code of the ROM  102).  130    8
1,527,513 The three low order positions of the lines  port from an
input-and-output device   the 108 comprise the lines 77, which are
circuit point 130. The logic level of the data coupled to the input of the
interrupt logic  is inverted  by  inverter  132 and 44 and to the
instruction register 64 (Fig. 2).  subsequentially applied to the first
input of 5   The line 75 from the interrupt logic 44 is  the AND gate 122.
When a control signal is 



coupled to the high-order position of the  applied to the second input of
the AND  70 state register 106 to preclude setting the  gate 122 on the
line 74ah the data is high-order flip-flop under certain interrupt
provided at the output of the AND gate 122 conditions to be explained in
greater detail  and is supplied to the internal data bus 60. 10
hereinbelow.                                When data is to be supplied to
the Four additional address input signals are  external input-and-output
device (not  75 supplied to the ROM 102 by means of lines  shown), the data
is supplied from  the 110 and 112 in combination with inverters  internal
data bus 60 to the input of the AND 114 and 116. Line 110 is coupled, by
means  gate 120. When a control signal is supplied 15  of logic circuits,
across the result bus 84  to the second input of the AND gate 120 on and
the inverter 114 inverts the signal the line 74ag the data is applied at
the input  80 supplied from the result bus 84, thereby  of the latch 126.
The subsequent two clock simultaneously providing both the true and signals
on the lines 58 will cause the latch the complement of this signal to the
ROM   126 to set, and the data (logic level 0 or 1) 20   102 input address.
The signal supplied on  will appear at the circuit point 130 at an the line
112 is provided by the indirect  inverted logic level as a function of the
85 RAM  address register 88. In a similar  inverter 128. Accordingly, it
may be seen manner, inverter 116 inverts the signal that data is supplied
to the internal data bus supplied on the line 112, thereby providing  60
through the 1/O port in response to 25  simultaneously both the true and
the  a first control signal on the line 74ah from complement of this signal
to the ROM 102  the circuit 72, and data is also supplied from   90 address
input. The five lines 36, which  the data bus 60 to the input-and-output
transmit the  control signals to  the  device in response to a second
control complementary circuitry of the system, are  signal on the line 74ag
from the control 30  coupled to output terminals of the ROM    circuit 72.
102. The lines 74, which transmit control    Referring now to Fig. 5, the
first bit  95 signals to the complementary circuitry  position of the
transfer gate 66 and the within the CPU, are coupled to the  instruction
register 64 are shown in logic remaining output terminals of the ROM
diagram form. The first bit position of the 35   102.
internal data bus 60 is coupled to a circuit Referring now to Fig. 4, a
single typical point 136 by means of a line 60a of the lines  100 stage of
an I/O port 31, 32, 38 or 40 as 60. The circuit point 136 is connected to
the employed in the present invention is  input of an inverter 140 by means
of a line illustrated. The first of two inputs of an  67a of the lines 67,
and to one of the 40   AND gate 120 is connected to a line 74ag  two
inputs  of an AND  gate  142 from the control circuit 72 which transmits
by means of a line 65a of the lines 65 (Fig. 105 a signal decoded from an
output instruction  2). The output of the inverter 140 is code. The second
input of the AND gate  coupled to one of two inputs of a NAND 120. is
coupled to the output of an AND  gate 144. A control signal from the
control 45   gate 122 at a circuit point 124, which is circuit 72 is
supplied to the second input of coupled to one of the lines within the  the
NAND gate 144 by means of a line 74a. 110 internal data bus 60. The output
of the  The output of the NAND gate 144 is AND gate 120 is coupled to the
input of a coupled to a circuit point 68a by means of latch circuit 126.
line 69a which is the first of the lines 69 50    The latch circuit 126 is
operated in  (Fig. 2). The inverter 140 and the NAND response to the clock
signals supplied on  gate 144 comprise the first bit position 66a  115
lines 58. The output of the latch 126 is   of the transdfer gate 66. .
The circuit point 68a is coupled to the coupled to the input of an inverter
128, and  first bit position of the ALU 80 by means of the output of the
input of an inverter 128 is coupled to           a line 81 a. The first bit
position of the RAM 55  a circuit point 130. The circuit point 130 is  93
is coupled to the circuit point 146 by  120 coupled to the input-and-output
device(not       means of a line 96a, and the first bit position shown).
Circuit point 130 is also coupled to the input of an inverter circuit 132,
and    of the indirect RAM address register 88 is the output of the
inverter 132 is coupled to   also coupled to the circuit point 146 by means
of a line 97a. 60   one of two inputs of the AND gate 122. The    The state
lines 77 from the output of the  125 second input to the AND gate  122 is
ROM  102 (Fig. 3) are coupled to the three coupled to the control circuit
72 by means  inverted inputs of an AND gate 148. Each of a line 74ah.
of the three inputs to the AND gate 148 are In operation, data is supplied
to the I/O  inverted as indicated by the convention    1,527,513
9 shown in the figures of open circles  inverter 150 and the second input
of the  65 adjacent to each of the respective inputs.  AND gate 142.
Accordingly, when a high The output of the AND gate 148 is coupled   level
signal is present at the output of the to the second input of the AND gate
142,  AND gate 148 and a bit of data is supplied 



5  and to the input of an inverter 150. In   on the line 60a, this bit of
data will appear addition, the output of the AND gate 148 is  at the output
of the AND gate 142 and at 70 coupled to the remaining bit positions (now
the input of the NOR gate 154. shown) of the instruction register 64a.
Assume, for example, that the bit of data The output of the inverter 150 is
coupled  is a logic one level then the output of the 10  to one of two
inputs of an AND gate 152   NOR gate 154 will be at a low level. This The
outputs of the AND gates 142 and 152   low level signal will be set into
the flip-flop  75 are coupled to the two inputs of a NOR   156 following
the consecutive application gate 154. The output of the NOR gate 154  of
the clock signals to the [err] and [err] inputs is coupled to the "D" input
of a flip-flop   of the flip-flop. The true output (Q) of the 15  156. The
system clock signals are applied to   flip-flop 156 will be at a low level
and the the clock inputs ([err]) of the flip-flop 156   not true output (Q)
will be at a high level. 80 by means of the lines 58 from the clock   On
the other hand, assume that a binary circuits 56 (Fig. 2). The flip-flops
employed   zero, or logic level zero, is supplied on the herein operate by
gating the logic level  line 60a, then the output of the AND gate 20
applied at the "D" input thereof into the   ,142 will be at a low level. If
the output of flip-flop in response to a first clock signal the AND gate
152 is also at a low level, then 85 applied at the [err] input terminal,
and by the output of the NOR gate 154 will be at setting the flip-flop in
response to a second   a high level. The output of the AND gate clock
signal applied at the [err] input   152 will be at a low level if the
flip-flop 156 25  terminal. When the flip-flop is set, the logic  is in a
set state (i.e., a logic zero at the not level that was applied at the "D"
input  true output of the flip-flop) or the output of  90 appears at the
true (Q) output and the  the AND gate 152 will be at a low level complement
thereof appears at the not true   when the output of the AND gate 148 is at
a (Q) output.                               high level (e.g., states 0 or
8). If a high level signal is applied at the "D" 30    The true (Q) output
of the flip-flop 156 is  input of the flip-flop 156, then the flip-flop  95
coupled to the input of an inverter 158. The   will be set and a logic one
(1) will appear at output of the inverter 158 is supplied on line  the true
output (Q) of the flip-flop. The 73b, which constitutes one of the lines 73
status of the logic level on the line 73a will supplied to the control
circuit 72 (Figs. 2   be transferred through the NAND gate 162 35  and 3).
The not true (Q) output of the flip-  when a control signal is supplied on
the line 100 flop 156 is coupled to the second output of  74b. Accordingly,
the application of a the AND gate 152 and to the input of an inverter
control signal on the line 74b will transfer 160. The output of the
inverter 160 is  the contents of the instruction register 64, supplied on
the line 73a, which constitutes  by means of lines 70, to the right 40  one
of the lines 73 coupled to the control circuit  multiplexer bus 68.
105 72 (Figs. 2 and 3). In addition, the output of the  Referring now to
Fig. 6, the interrupt inverter 160 is coupled to one of two inputs of a
logic 44 is illustrated in greater detail. The NAND gate 162. The second
input of the  lines 77 are coupled to three of six inverted NAND  gate 162
is supplied from  the  inputs of an AND gate 166. All of the inputs 45
control circuit 72 by means of a line 74b.  of the AND  gate 166 are
inverted as 110 The output of the NAND gate 162 is  indicated by the
convention in the figures coupled to the circuit point 68a by means of  of
open circles adjacent to the respective a line 70a of the lines 70 (Fig.
2).  inputs. A line 72c from the control circuit Accordingly, it may be
seen that the circuit  72 (Fig. 3) is coupled to the fourth inverted 50
point 68a constitutes the low-order position  input of the AND gate 166.
The signal  115 of the right multiplexer bus 68.        supplied on the
line 72c prevents an In operation, a bit of binary data is  interrupt from
occurring in response to an supplied on the line 60a to the input of the
interrupt service request signal when inverter 140 and the input of the AND
gate  preselected instruction codes are loaded 55   142. This bit of data
will be transferred  into  the  instruction  register. The  120 through the
transfer gate 66 when a signal is  preselected codes are those particular
supplied on the line 74a to the circuit point  codes where an interrupt
would be 146, which comprises the low-order  undesirable. The line 50,
which transmits position of the right multiplexer bus 68.  the interrupt
request signal, is coupled to 60   When the lines 77 are all at a low level
the fifth inverted input of the AND gate  125 (which occurs during states 0
and 8 of the  166. An interrupt control bit, which is state register 106,
Fig. 3), a high level signal  supplied from the high-order position of
appears at the output of the AND gate 148,  the status register 92, is
supplied to the which signal is supplied at the input of the  inputs of
inverters 168 and 170 by means of    10
1,527,513 a line 172. The output of the inverter 168 is  connected to the
second clock signal line coupled to the sixth inverted input of the  58b of
the clock lines 58. The second line AND gate 166.
of the FET 182 is coupled to the input of an The output of the AND  gate
166 is  AND gate 184, a NOR gate 186, and a 



5  supplied to the control circuit 72 by means  NAND gate 188. The first of
three logic  70 of the line 75 (Fig. 2). The output of the  control signals
(hereafter T1) is supplied on inverter 170 is coupled to the line 48, which
a line 74e which is coupled to a second line transmits the priority-in
signal from the  input of the AND gate 184. The second of interrupt logic
44.                      the three logic control signals (hereafter 10
In operation an. interrupt control bit,  T2) is sup plied on line 74e which
is  75 which is supplied from  the high-order  coupled to the input of the
NOR gate 186. position of the status register 92, is inverted  The third of
the three logic control signals by the inverter 170 and is supplied on the
(hereafter T3) is supplied on line 74g which line 48 as the "priority-in"
signal. The  is coupled to an input of the NAND gate 15  output of the AND
gate 166 is at a high-logic  188. The logic control signals T1, T2, and  80
level only under the condition where all of the 6  T3 control logic
operations to be performed inputs to the AND gate 166 are at a low-  within
the ALU 80. The third inputs of the level. The lines 77 constitute the
three low-  AND gate 184, the NOR gate 186, and the order positions of the
state lines 108 (Fig. NAND gate 188, are coupled to the output 20  3). Thus
when the state register 106  ofa NOR gate 190 by means of a line 83a of  85
contains a binary number having a decimal   the lines 83. equivalent of
zero or eight then the lines 77    The output of the AND gate 184 is are
all at a low-logic level. When the signal coupled 'to one of two inputs of
a NOR gate on the line 72c is at a low level, the  192.. The output of the
NOR gate. 186 is 25  interrupt service request signal in line 50 is
coupled to the second input of the NOR  go at a low level, the interrupt
control bit on  gate 192, and to one of two inputs of an OR the line 172 is
at a high level then the  gate 194. The output of the NOR gate 192 is
output of the AND gate 166 is at a high  coupled to one of two inputs of an
OR gate level. This high level signal is supplied on  196, and to a NAND
gate 198. The second 30  the line 75 to the sequential control circuit
inputs of the NAND gate 198, the OR gate  95 72 (Fig. 3). As stated
hereinabove, a high  196 and the OR gate 194, are coupled to level signal
on the line 75 will inhibit the  the otput of a NOR gate 200. setting of
the highest-order (fourth order) flip-flop in the state register 106, which
will   The output of the NAND gate 188 is 35  preclude  the  normal control
signal coupled to one of two inputs of a NAND generation by the circuit 72.
when an  gate 202. The output of the OR gate 194 is 100 interrupt occurs
coupled to the second input of the NAND .
gate 202. The output of the NAND gate 202 Referring now  to Fig. 7, a
unitary  is coupled to gates in the next higher-order diagram of the
relationship of the sheets  position within the ALU  80 by means of a 40
illustrating Figs. 7a and 7b shown. Fig. 7a illustrates in logic diagram
form the lowest-  line 204, which gates correspond to gates 105 order
position of the combination of the      194,196 and 198 in ALU circuit
portion ALU 80, accumulator register 90, and the   80a. The output of the
OR gate 196 is coupled to one of two inputs of a NAND status register 92,
and Fig. 7b illustrates the 45  balnc  o the circuitry in block-diagram
gate 206. The output of the NAND gate 198 form. With reference to Fig. 7a,
the portion   is coupled to the second input of the NAND of the logic
diagram enclosed within dashed line 90a constitutes the low-order position
constitutes  the output of the low-order of the accumulator registers 90,
the portion  position 80a of the ALU 80, which is 50  of the diagram
enclosed within the dashed  coupled to the result bus 84 by means of line
92a constitutes the low-order position  line 84a. The line 84a is also
coupled to the  115 .                 low-order position 90a of the
accumulator of the status register 92; and, the portion of   9O  by means
of a line 91a ad to the low- the diagram enclosed within the dashed line
order 80a constitutes the low-order position of    order position 92a of
the status register 92 55  the ALU 80.                              by
means of a line 93a. Data are entered into the ALU 80 by    Referring again
to the NOR gate 200, the  120 means of lines 81 from the right multiplexer
first of two inputs thereto is coupled to a bus 68 (Fig. 2). The low-order
position of line 74h from the control circuit 72. The the data transmitted
on the lines 81 is    line 74h. transmits a signal from  the 60  applied to
the low-order position 80a of sequential control circuit 72, which has the
the ALU80 by means of a line 81a. Line 81a function of forcing a binary one
into the  125 is coupled to the input of an inverter 180, low-order
position  for certain logic and the output of inverter 180 is coupled to
functions (e.g., incrementation). The one side of a field effect transistor
(FET) second input to the NOR  gate 200 is 65   182. The gate terminal of
the FET 182 is coupled to the output of an AND gate 208.    11
1,527,513                                      11 The first of two inputs
to the AND gate 208  contents of the status register 92 into the 



is coupled to a line 74i from the control  ALU 80. The second input to the
NAND circuit 72. The line 74i transmits a signal  gate 219 is coupled to
the output of a flip- from  the sequential control circuit 72,  flop 224
within the low-order position 92a 5   which has the function of permitting
the     of the status. register 92, by means of a line  70 status of the
binary carry to be propagated  99 which comprises the first line within the
to the low-order position. The second input  lines 99. The outputs of the
NAND gates to the AND gate 208 constitutes a CARRY'  216 through 219 are
coupled together and signal generated  by the higher-order  this connection
comprises the low-order 10  positions of the ALU 80 and stored by a
position 82a of the left multiplexer bus 82.  75 corresponding flip-flop
(not shown) within    The output of the NAND gate 206 within the status
register 92.                 the low-order position 80a of the ALU 80 is
Referring again to the NOR gate 190, the  supplied on line 84a of the
result bus 84 first of two inputs thereto is coupled to the  (which becomes
a line 91a at the input of 15  output of a NOR gate 210. The second  the
accumulator 90) is coupled to one of  80 input to the NOR gate 190 is
coupled to the     two inputs of an AND  gate 226. The output of an AND
gate 212. A binary  second input of the AND gate 226 is coupled arithmetic
complement signal is supplied  to a line 74p from the'control circuit 72.
In from the control circuit 72 to the input of  addition, the line 74p is
coupled to the input 20  an inverter 214 by means of a line 74j. The  of an
inverter 228. The signal supplied on  85 output of the inverter 214 is
coupled to the  the line 74p controls the loading of the second input of
the NOR gate 210 and to  accumulator 90 with data on the result bus the
second input of the AND gate 212. In  84. The output of the inverter 228 is
addition, the output of the inverter 214 is  coupled to the input of an AND
gate 230. 25  supplied to the constituent ALU  80  The second input of the
AND gate 230 is  90 circuitry by means of a line 215. The second  coupled
to the not true (Q) output of the input to the NOR gate 210 and the AND
flip-flop 220. The output of the AND gates gate 212 is coupled to the
outputs of NAND   226 and 230 are coupled to the two inputs of gates 216,
217, 218, 219.This line, which is  a NOR gate 232. The output of the NOR 30
coupled to the second input of the AND   gate 232 is coupled to the "d"
input of the  95 gate 212, comprises the low-order position  flip-flop 220.
Lines 58, which transmit the 83a of the lines 83.                    two
sequential clock signals for the The first of two inputs to the NAND gate
microprocessor system, are coupled to the 216 is coupled to a line 74k from
the control  [err] and [err] clock inputs of the flip-flop 220. 35  circuit
72. The signal supplied on the line    The line 84a, which is coupled to
the 100 74k is a control signal for gating the  output of the NAND gate
206, is coupled to contents of the accumulator 90 into the  one of two
inputs of an AND gate 234 ALU 80. The second input to the NAND gate  within
the low-order position 92a of the 216 is coupled to the output of flip-flop
220  status register 92 by means of a line 93a. 40  within the low-order
position 90a within the  The line 84a is also coupled to the input of 105
accumulator 90, by means of a line 98a of  an inverter 233, and the output
of the the lines 98. The first of two inputs to the  inverter 233 is
coupled to the line 110. The NAND gate 217 is coupled to a line 74m  line
110 transmits an address input signal from control circuit 72. The signal
supplied   from the result bus 84 to the address input 45  on the line 74m
has the function of   decode of the ROM 102 (Fig. 3). The signal 110
performing a right-shift of the data by four  supplied on the line 110 has
the function of binary orders. The second input of the  indicating that the
result bus is all zeros. A NAND gate 217 is coupled to the output of  line
74q from the control circuit 72, which a flip-flop corresponding to the
flip-flop 220  transmits a load status register signal, is 50  within the
fifth order position of the  coupled to one of two inputs of a NOR gate
115 accumulator 90 by means of a line 222. The  236 and to the second input
of the AND first of two inputs to the NAND gate 218 is  gate 234. A  line
74r from  the control coupled to a line 74n from the control. circuit 72,
which transmits a set status circuit 72.
register signal, is coupled to the second 55    The signal supplied on the
line 74n has  input of the NOR gate 236 and to the first of   120 the
function of performing a right-shift of  two inputs of an AND gate 238. The
load the data by one binary order. The second  status register signal 74q
enables the AND input to the NAND gate 218 is coupled to  gate 234, and all
corresponding gates in the output of a flip-flop corresponding to  circuit
portions 92b through 92e, so that the 60  the flip-flop 220 within the
second order  data on the result bus 84 may be gated into  125 position of
the accumulator 90. The first of  the status register 92. The set status
register two inputs of the NAND  gate 219 is  signal 74r enables the AND
gate 238, and coupled to a line 74o from the control  all corresponding
gates in circuit portions circuit 72. The signal supplied on the line  92b
through 92e, so that status data from 65  74o is a control signal for
gating the  other portions of the circuit may be gated  130    12 12
1,527,513 



into the status register 92. The output of the  controlling the necessary
BCD correction NOR gate 236 is coupled to the-first of two  during the
execution of a BCD  add inputs of an AND gate 240. The eighth order
operation. position 84h of the result bus 84 is supplied    A carry signal,
hereafter referred to as 5   on a line 241 to the input of an inverter 242.
CARRY', is supplied to an addutional input 70 The output of the inverter
242 is coupled to  of the circuit 260 by means of a line 266. the second
input of the AND gate 238. The  The CARRY' signal is supplied at the not
true (Q) output of the flip-flop 224 is  output of a flip-flop 267 within
circuit 92b coupled to the second input of the AND  corresponding to the
flip-flop 224 within. 10  gate 219, by means of a line 99a of the lines
the circuit 92a (Fig. 7a). The CARRY'  75 99 (Fig. 2). The outputs of the
AND gates 238, signal is also supplied to the input of the 234, and 240 are
coupled to the three  AND gate 208 (Fig. 7a). The BCD carry inputs of a NOR
gate 244. The output of the  and BCD correction circuit is illustrated in
NOR gate is coupled to the "D" input of greater detail in Fig. 8 and will
be explained 15  the flip-flop 224. The system clock signals  further
hereinbelow.                80 supplied on the lines 58 are applied to the
A carry overflow circuit 268 is coupled to [err] and [err] clock inputs of
the flip-flop 224. the ALU circuits 80g and 80h by means of Referring  now
to  Fig. 7b, the  lines 270 and 271, respectively. In complementary
portions of the  particular, the line 270 is coupled to the 20  accumulator
90, the status register 92, and  output of a gate within ALU circuit 80g
85 the ALU 80 are illustrated in block diagram   corresponding to the NAND
gate 202 in form. The accumulator register 90  ALU circuit 80a, and the
line 271 is coupled comprises 8 parts which are identical in  to the output
of a gate within ALU circuit structure to that enclosed within dashed  80h
also corresponding to the NAND gate 25  line 90a in Fig. 7a, and are
generally  202 in ALU-circuit 80a. The circuit 268  go represented by the
blocks identified as 90b  detects a carry operation within the ALU through
90h. The status register 92  80 as well as detecting an overflow comprises
five parts identical in structure to  condition of the ALU in response to
the that enclosed within dashed line 92a in Fig. status of the seventh and
eighth order 30  7a and are generally represented by blocks  positions of
the ALU. A logic control signal  95 92b through 92e. The arithmetic logic
unit  from the control circuit 72 is supplied to an (ALU) 80 comprises 8
parts substantially  input of the circuit 268 by means of the line
identical to the part enclosed within dashed  74f. A CARRY signal is
supplied at the line 80a in Fig. 7a and are generally  output of the
circuit 268 on a line 272, and 35  represented by blocks 80b through 80h in
is coupled to the input of an AND gate 269 100 Fig. 7a.
within circuit 92b which corresponds to the The lines 81 (Fig. 2), which
couple the  AND gate 238 within the circuit 92a. The right multiplexer bus
68 to the ALU 80, second output from  the circuit 268 is comprise the input
lines to the ALU and are  supplied on a line 274 to the input of an 40
represented by the lines 81b through 81h as  AND gate 273 within the
circuit 92d which  105 inputs to blocks 80b through 80h, corresponds to the
AND gate 238 within respectively. In addition, the output of the
the-circuit 92a. The signal supplied on the A-LU 80 is supplied on lines
85, which lines  line 274 is indicative of an overflow status are
identified in Fig. 7b as lines 85b through  of the ALU 80. 45  85h as
outputs from blocks 80b through    Accordingly, it may be seen that a  110
80h, respectively.                      CARRY signal supplied on the line
272 to A BCD (binary coded decimal) carry and  the circuit 92b operates
with the set status BCD correction circuit 260 is provided for signal on
the line 72r to set the flip-flop detecting a binary carry status from the
within the circuit 92b thereby generating a 50  fourth order position of
the ALU 80, and  CARRY' signal on the line 266 which is 115 for providing
the necessary inputs to the  supplied to the circuit 260. An overflow A LU.
Four outputs of the circuit 260 are  signal supplied on the line 274
operates with coupled to input lines 81 b,8 Id, 81 f and 81 h, the set
status signal on the line 74r to set respectively. In addition, the output
of the  flip-flop 277 within the circuit 92d. The 55  NAND  gate within
circuit 80d, which  circuit 268 is illustrated in greater detail in  120
corresponds to the NAND gate 202 in the  Fig. 9 and further explained
hereinbelow. ALU circuit 80a, is supplied as an input to    A line 74t from
the control circuit 72, is the circuit 260 by-means of a line 264. A
coupled to the inverted input of an AND fifth output of the circuit 260 is
supplied to  gate 275 in circuit portion 92e. The signal 60 the input of a
gate within the circuit 80e  supplied on line 74t is a clear interrupt 125
corresponding to the gate 198 within the  control bit signal which operates
to reset ALU  circuit 80a. A  control signal is the flip-flop 273. A line
74u is coupled to an supplied to the circuit 260 from the control  input of
a NOR gate 276 in circuit portion circuit 72 by means of a line 74s. The
signal 92e, which corresponds to the NOR gate 65  supplied on the line 74s
has the function of 244 in circuit portion 92a.        130    13
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The signal supplied on the line 74u is a set  circuit 46 by means of lines
515. The line 52, interrupt control bit signal which operates  which
transmits an external interrupt to set the flip-flop 273. The output of the
signal, is coupled to an input terminal of the NOR gate 276 is coupled to
the second  interrupt control circuit 46. The line 48, 5   inverted input
of the AND gate 275. The  which transmits the interrupt priority-in  70
output of the AND gate 275 is coupled to  signal from the CPU 20, is
coupled to an "D" input of a flip-flop 273. The true  input terminal of the
circuit 46. Lines 50 output (Q) of the flip-flop 273 is coupled to  and 53
are coupled to output terminals of ALU circuit portion 80e, to an input of
an  the circuit 46 for transmitting the interrupt 10   AND gate (not shown)
which corresponds  service request signal and the interrupt  75 to the AND
gate 234 and the circuit portion  priority-out signal, respectively. Lines
507c 92a, and to the line 172. The signal supplied  and 507d are coupled
between the I/O port on the line 172 is the interrupt control bit  address
select circuit 505 and the timer 510 (ICB) signal supplied to the interrupt
and the interrupt control circuit 46, 15   circuit illustrated in Fig. 6
and described  respectively, for selecting the circuit 46 or  80
hereinabove.                             the timer 510, during preselected
output Referring now to Fig. 8, a block diagram   operations. The circuit
46 or the timer 510, of the ROM  circuit 22 is illustrated. The  when
selected, receives data from  the data bus 34, which is coupled between the
internal data bus 500 by means of 20   ROM 22 and the CPU 20is connected to
an  lines 515 and 511, respectively. The data  85 internal data bus 500 by
means of a buffer received by the circuit 46 is employed for circuit 502.
Two I/O ports 38 and 40 are  selecting the interrupt mode. The data coupled
between I/O devices (not shown)  received by the timer 510 is employed as a
and the internal data bus 500. The structure  count-down value for the
timer operation. 25  of the I/O devices 38 and 40 is identical to the
The internal data bus 500 is coupled to  90 typical I/O ports illustrated
in Fig. 4 and  the input of an address multiplexer circuit described
hereinabove. However, the control  516, by means of lines 517, and to the
input signals supplied to the gates within ports 38 and  of a transfer gate
518 by means of lines 519. 40 are supplied from an I/O port address select
The internal data bus 500 comprises 8 lines. 30   circuit 506 by means of
lines 507a and 507b,  In addition, the lines 517 and 519 comprise  95
respectively. The I/O port address select  8 lines. The output of the
address circuit 506 is coupled to the internal data  multiplexer circuit
516 is supplied on two bus 500 by means of lines 505. The I/O ports
groups of lines 520 and 521 wherein each of 38 and 40, like the I/O ports
31 and 32, are   which comprises 8 lines. Lines 520 and 521 35
bidirectional devices. That is, data may be  are coupled to a 16-line
address transfer 100 transferred  into  the  microprocessor  bus 522. The
address transfer bus 522 is system from an I/O device, or data may be
coupled to the input of the program counter transferred from the system to
the VO 42 by means of lines 524, to the input of a device.
transfer gate 525 by means of lines526 and 40      An interrupt address
generator 508 is  to the input of a data counter address 105 coupled to the
internal data bus 500 by  pointer 527 by means of lines 528. means of lines
509. The interrupt address generator operates to provide a 16 bit    The
output of the program counter 42 is address to be used as an interrupt
vector in  coupled to a mixer bus 530, and to an 45  response to an
interrupt request signal in  address gating circuit 532 by means of lines
conjunction with internal programming,  523. The output of the transfer
gate 525 is 110 which will be explained in greater detail  coupled to the
mixer bus 530. The output of hereinbelow. When an. interrupt in the  the
mixer bus 530 is coupled to the input of ROM circuit 22 is recognized by
the CPU   a stack register 533. The output of the stack 50  circuit 20, the
CPU will send the necessary  register is coupled to an input of the control
signals to the ROM 22 which will  address gating circuit 532 by meansof
lines 115 cause a mask programmed interrupt 531. The output of the data
counter address address of the ROM to be transferred to the  pointer 527 is
also coupled to an input of internal data bus 500 in two consecutive 8-
the address gating circuit 532 by means of 55  bit bytes. The address thus
supplied is the  lines 529. address of the next instruction to be    The
program  counter 42 contains the  120 executed.
address of the next instruction code to be The internal data bus 500 is
coupled to  retrieved from  the memory within the the input of a timer 510
by means of lines  ROM 22, constituted by a ROM stage 548 60  511. An
output signal is supplied from the  which stores a multiplicity of such
codes. timer 510 by means of a line 512 to the input  The instruction code
retrieved from the  125 of an interrupt control circuit 46 for  memory is
an 8-bit byte, and once this code controlling real-time interrupts during
has been retrieved from the memory, the program execution. The internal
data bus  program  counter 42 is automatically 65  500 is also coupled to
the interrupt control  incremented. However, there are other    14
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ways of modifying the contents of the  The output of the ROM select circuit
550 is program  counter 42, which will be  coupled to the address control
input of the explained in greater detail hereinbelow.  ROM storage 548 by
means of a line 553. The data counter 527 is employed for  The output of
the ROM  storage 548 is 5  referencing memory addresses. A select  coupled
to the internal data bus 500 by  70 group of instruction codes are employed
with the   means of 8 lines 552. The 10 lines 549 microprocessor system
which use the data  transmit the 10 bits of address information counter 527
to address, or point to, their  to the ROM  storage 548, and for each
operands in the memory space. The data  unique binary number supplied as an
10   counter 527, like the program counter 42, is  address iriput to the
ROM storage an 8-bit 75 incremented by one at the conclusion of a  binary
number is supplied at the output of memory addressing circuit. Thus, the
data  ROM storage on the lines 552. The 6 bits of counter will be pointing
to the next location  binary data supplied on the line 551 to the in memory
after execution of the memory  ROM  select circuit 550 are employed to 15
addressing  cycle. The data counter  differentiate a given ROM circuit 22
from   80 operates independent of the program   other ROM  circuits which
may be counter 42 and thereby can address a group  employed in the
microprocessor system of of cells in the memory which are wholly  the
present invention. separate or independent of those groups of    Hence when
the six most significant bits 20  cells addressed by the program counter
42.   of the memory address compare with the  85 The stack register 533 is
coupled to the  programmed address in the select circuit program counter 42
by means of the mixer  550, a signal is supplied on the line 553 to bus
530, and is disposed for receiving the  the ROM storage 548; which signal
enables contents of the program counter when an   the ROM storage for
receiving the address 25  interrupt operation occurs, or during a    input
on the lines 549.                 90 specific program  operation where the
Clock circuits 555 are provided within contents of the program  counter are
the ROM  circuit 22 for supplying clock "pushed" into the stack register.
It is the  signals to the. complementary circuits of the function of the
stack register 533 to  ROM  circuit on lines 556. The clock 30  facilitate
the creation of an address stack  circuits 555 are synchronized with the
clock  95 in memory for a multi-level program   circuits 56 within the CPU
circuits 20 by function. The stack register 533 may also be  means of
signals supplied on the line 29 loaded directly from the address transfer
bus 522 by means of the transfer gate 525    As stated hereinabove, the
operation of 35  and the mixer bus 530 in response to a  the microprocessor
system begins when the specific program instruction. This feature
sequential control circuit 72 (in the CPU  100 facilitates loading the
stack register prior 20) transmits the necessary control signals to
executing some specific instructions.    by means of the control bus 36 to
the ROM A control ROM 534 is provided within  circuit 22 for retrieving an
instruction code 40  the ROM  circuit 22 for controlling the  from  the
memory. The control signals complementary  circuits of the ROM   supplied
on the lines 36 are applied to the  105 circuit. The five control lines 36
from the  address input of the control ROM  534 CPU 20 are coupled to five
inputs of the  which acts as a decoding means to generate control ROM 534,
and output signals are  a further set of control signals which are 45
supplied on lines 536 to. the ROM  22  supplied at the output of the
control ROM complementary circuits. The address gating  on the lines 536 in
response to the control 110 circuit 532 is coupled to an input of an
signals that were supplied on the lines 36. incrementer adder 537 by means
of lines  Lines 536 are connected to all blocks of the 535. The transfer
gate 518 is also coupled to  ROM circuit 22 to control the operation of 50
an input of the incrementer adder 537 by  the ROM circuit. means of lines
539. The incrementer adder    The further set of control signals from  115
537 is coupled to the address transfer bus  the ROM 534 direct the
addressing of the 522 by means of lines 538, to the input of an  ROM
storage 548 by means of the program upper byte transfer gate 540 by means
of counter 42, the data counter 527, or the 55  lines 541, and to a lower
byte transfer gate  stack register 533 by means of the address. 542 by
means of lines 543. The outputs of gating circuit 532. That is, the outputs
of 120 the transfer gates 540 and 542 are coupled  the program counter 42,
the data counter to the internal data bus 500 by means of 527, and the
stack register 533 are lines 544 and 545, respectively.        all applied
to inputs of the address gating 60     The output of the address gating
circuit circuit 532. Select ones of the second set of 532, which comprises
16 bit positions, is control signals are applied to the address  125
divided into 10 output lines coupled to the  gating circuit 532 to control
the selection of address of the ROM storage 548 by means address value from
the program counter of 10 lines 549, and to the input of a ROM  42, the
data counter 527, or the stack 65  select circuit 550 by means of 6 lines
551. register 533.    15                                      1,527,513
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The address gating circuit 532 comprises  transfer bus 522 by means of the
lines 520. 16 bit positions. Six of the 16 bit positions  The second 8-bit
byte applied at the input comprise the. address for the ROM select   of the
circuit 516 is supplied to the lower 8- circuit 550, which address is
supplied by   bit positions of the address transfer bus 522 5   means of
the lines 551. If the subject ROM   by means of the line 521. Thus, the two
8-bit  70 circuit 22 is the circuitto be addressed from   bytes transmitted
from the CPU 20 are among other ROM circuits like the ROM   assembled in
the program counter 42 or the circuit 22 in the microprocessor system,
data counter 527. The subsequent address then an address code that
corresponds to a  cycles of the ROM storage 548 is the same 10
preprogrammed code in the circuit 550 will  as that described hereinabove
and the  75 effect the transmission of an enable signal  addressing
counters (i.e., program counter on the line 553 to the ROM storage 548,  52
or data counter 527) are sequentially which signal will thereby enable
addressing  incremented from  the newly assembled of the ROM storage.
address value by means of the incrementer 15    The remaining 10 positions
of the 16  adder 537.                                80 positions of the
gating circuit 532 are employed    The  16-bit position address value for
addressing a group of cells within the ROM   normally present in the
address gating storage 548. When a group of cells is  circuit 532 may be
partitioned into two 8-bit addressed, the byte of data stored in the  bytes
by means of the upper and lower byte 20   addressed group of cells is
supplied on the  transfer gates 540 and 542, respectively.  85 lines 552 to
the data bus 500. The byte of  That is, the high-order 8-bit positions of
the data (normally an instruction code) thus  address value in. the circuit
532 are retrieved from  the ROM  storage is  transferred through the
incrementer adder transferred to the data bus 34 from the data  537
unchanged to the upper byte transfer 25   bus 500 by means of the buffer
circuit 502.  gate 540 by means of the lines 541. The low-  90 The 16 bit
address, which was supplied to  order 8-bit positions of the address value
the address gating circuit 532, is also  are transferred through the
incrementer supplied to the incrementer adder 537 by  adder 537 unchanged
to the lower byte means of the lines 535. The incrementer  transfer gate
542 by means of the lines 543. 30  adder 537 performs the function of  The
outputs of the upper and lower byte  95 incrementing the address value by
"1" at  transfer gates are transmitted in two the completion of an address
cycle, and  consecutive 8-bit bytes, respectively, along transmits this
incremented value as a new  the data bus 500. address back to either the
program counter    The stack register 533 is normally used 35  42 or the
data counter 527 by means of the  for storing the address value in the
program  100 lines 538 and the address transfer bus 522.  counter 42 when a
program branch occurs Thus, the program counter 52 and the data  to a
sub-routine operation. For example, counter 527 are in effect registers,
while the  during the execution of a program there incrementing  (adding)
operation  is  may be a need to branch to a subroutine 40  performed by the
incrementer adder 537.  operation is complete a branch back to the  105
Initially, the program counter 42 is reset  operation is complete a branch
bwck to the to a value of all zeros and instruction codes  main program
should occur at the next are retrieved from the groups of cells in the
address value which would have occurred ROM  storage 548, which groups have
but for the occurence of the subroutine. A 45  addresses organized
sequentially. Thus, as  form of a subroutine normally employed in  110 the
program counter 42 increments (by way  computations is the retrieval of
data in a of the incrementer adder 537) from a value  look-up table stored
in the ROM storage of zero to some finite binary value, the  548. The data
counter 527 is useful in instruction codes stored in the sequential
addressing such a look-up table. For 50  groups of cells will be retrieved
in the  example, assume that the program counter  115 corresponding
sequence.                 contains an address value of "M" and a An address
having some finite binary  look-up table is stored in the ROM storage value
may be supplied to the program   beginning at an address value of "X". The
counter 42 from  other sources. For  address value of "X" would be stored
in the 55  example, an address value may be  data counter 527 to effect
addressing of the  120 generated in the CPU 20. This address  lookup table.
Further assume that a value may be stored in the RAM 33 in the  subroutine
operation is required which has form of two 8-bit bytes. These two 8-bit  a
beginning address "G". The address value bytes are transmitted by means of
the lines  of the "M", which is stored in the program 60  34 to the
internal data bus 500 of the ROM   counter 42, is transferred (i.e.,
"pushed  125 circuit 22, and to the input of the address  down" to the
stack register 533 by means multiplexer circuit 516 by means of the  of the
mixer bus 530. The address value of lines 517. The first byte applied at
the input  "G" for the subroutine is then stored in the of the circuit 516
is supplied to the upper 8-  program counter 42. Once the subroutine 65 bit
positions of the 16-bit position address  program has completed, the
address value  130    16                                    1,527,513 



of "M" (the last program address prior to  AND gate 579 is coupled to a
control  65 branching to the subroutine) is transferred  input of the I/O
port 38 by means of the line from the stack register 533 to the address
507a. The outputs of the AND gate 576 is gating circuit 532. The
incrementer adder coupled to a second control input of the I/O 5
increments the address value of "M" by  port 38 by means of a line 586, and
to a first one, and an address value of "M"+l is of. five inputs of a NOR
gate 588. The  70 entered into the program  counter 42  output of the AND
gate 580 is coupled to a Normal operation of the program proceeds  control
input of the I/O port 40 by means of in a manner described hereinabove.
the line 507b. The output of the AND gate 10     Referring now to Fig. 9,
the I/O port 577 is coupled to the second control input address select
circuit 506 is shown in logic  of the I/O port 40 by means of a line 591,
75 diagram form. Four flip-flops 560 through  and to the second input of
the NOR gate 563 are disposed for storing the selection  588. -As stated
hereinabove, I/O ports. 38 signals for I/O port 38, I/O port 40, the  and
40 are identical in structure to the I/O 15  timer 510, or the interrupt
control circuit portshown in Fig. 4. Hence (for I/O port 38) 46. In
particular, flip-flop 560 is employed  line 507a corresponds to the line
74ag in  80 for selecting the timer 510; the flip-flop 562  Fig. 4, and
line 586 corresponds to line 74ah is employed for selecting the I/O port
38; in Fig. 4. In a similar manner (for I/O port and, the flip-flop 563 is
employed for 40) line 507b corresponds to the line 74ag 20   selecting the
I/O port 40.             and line 591 corresponds to line 74ah. The lines
connecting the address select   The first of two inputs of an AND gate  85
circuit 506 with the internal data bus 500  595 is coupled to a line 536c
from the are the two low-order positions of the  control ROM 534, which
line transmits a internal data bus. These lines are indicated  ROM-DRIVE
signal. The ROM-DRIVE 25  in Fig. 9 by line 505b for the second order
signal is active to enable the buffer 502 position line, and line 505a for
the first when data is to be supplied out of the ROM   90 order position
line. Line 505b is coupled to circuit 22 other than when data is received
the input of an inverter 566, and to the first by an I/O port or an
interrupt address is of three inverted inputs of AND gates 568  generated
from circuit 508. The second 30  and 569. The output of the inverter 566 is
input of the AND gate 595 is coupled to the coupled to the first of two
inverted inputs of line 553 from the ROM select circuit 550. 95 AND gates
570 and 571.                 The output of the AND gate 595 is coupled to a
third input of the NOR gate 588. The The line 505a is coupled to the input
of an inverter 572, and to the second inverted  fourth and fifth inputs of
the NOR gate 588 35  inputs of the AND gates 569 and 571. The      are
coupled to line 598 and 599, output of the inverter 572 is coupled to the
respectively, from the interrupt control 100 second inverted inputs of AND
gates 568  circuit 46. and 570. The outputs of AND gates 568    The output
of the NOR gate 588 is through 571 are connected to the "D"  coupled to a
line 589, which transmits a control signal to the buffer circuit 502. The
inputs of corresponding flip-flops 560     first bit position of the
internal data bus 105 through 563, respectively. The [err] and [err]  500
is supplied  on a line 505a (of the clock inputs of the flip-flops 560
through   lines 505, Fig. 8) to the input of an 563 are coupled to the
lines 556 from the  inverter 600, and to a contact point 601. clock circuit
555 (Fig. 8).              The output of the invertor 600 is coupled to 45
The not true (Q) outputs of the flip-flops  a contact point 602. The input
of an 110 560 through 563 are coupled to one of two  inverter 604 is
disposed for connection to inverted inputs of AND gates 574 through  either
the contact point 601 or the contact 577. The not true (Q) outputs of the
flip-  point 602. In the preferred embodiment of flops 562 and 563 are each
coupled to the  the present invention manufactured with 50  first of two
inverted inputs of AND gates  the use of integrate circuit technology, the
115 579 and 580, respectively. The second  input to the inverter, 604 is
masked to inverted input of the AND gates 574, 575,  either of the contact
points 601 or 602 for 579, and 580, are coupled to a line 536a  programming
the I/O port addresses. Lines from the control ROM  534, which lines  505b
through 505f are connected in the 55  transmits (LOAD) I/O signal. The
second  same manner as described above for 120 inverted inputs of the AND
gates 576 and  additional inverters, and the input to the 577 are coupled
to a line 536b from the  corresponding inverter is masked in a control ROM
534, which line transmits a  similar fashion  for programming. (READ)
I/O-signal.                     Accordingly, any  combination  of 60    The
output of the AND gate 574 is  connections may be made to effect any 125
coupled to the interrupt control circuit 46  desirable code representative
of an I/O by means of the line 507d. The output of the  address. The output
of the inverter 604, and AND gate 575 is coupled to the time 510  the
additional corresponding inverters by means of the line 507c. The output of
the  coupled to lines 505b through 505f, are    
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circuit point  a high-level signal is supplied on the line 606. Circuit
point 606 is coupled to the  507a, which will activate the I/O port 38 for
input of an inverter 607, and the output of  accepting data from the I/O
device (not the inverter 607 is coupled to the third   shown). The outputs
of the AND gates 576 5   input of the AND gates 568 and 571.     and 577
are low, and these low-level signals  70 As stated hereinabove, the lines
505c  are applied to the first two inputs of the through 505h are coupled
to a mask  NOR gate 588. The signal on the line 536c is programmable
structure comprising a   active when the ROM  circuit 22 is plurality of
inverters such as the inverters  operative in a transmission mode. The 10
600 and 604. A unique binary pattern is  signal on the lines 553 is active
when the  75 formed by coupling the input to each of the  subject ROM
circuit has been selected inverters corresponding to the inverter 604  from
other ROM circuits within the system. to a circuit point which corresponds
to  Assume for the present example that the either circuit point 601 of
circuit point signals on the lines 598 and 599 are at a low- 15  602. Since
there are six lines (505c--505h)  level which signals are active when an
80 and each line has one of two possible  interrupt address vector is
generated in the connections then 64 possible combinations  circuit 508,
and the output of the AND gate may be formed. The lines 505a and 505b  595
is likewise low. Hence, the output of have four possible binary
combinations.  the NOR gate 588 on the line 589 is at a 20  The
combinations selected by the mask  high-level. A high-level signal on the
line  85 programming of the inverters coupled to  589 enables the buffer
502 to transmit data the lines 505c through 505h select I/O  out of the ROM
circuit 22. If the signal on devices on one ROM  circuit from other  the
line 589 is at a low-level, then the buffer such I/O devices on ROM
circuits in the  502 is enabled to accept data from the data 25  system.
The signals supplied on the lines  bus 34.                               90
505a and 505b select a particular device    Referring now to Fig. 10, the
interrupt within  a selected  ROM  circuit. In   control circuit 46 is
shown in logic diagram particular, the binary combinations supplied  form.
The line 52, which transmits the on the lines 505a and 505b select from
external interrupt signal, is coupled to the 30  either the I/O ports 38 or
40, or the timer  "D" input of a flip-flop 615. The true (Q)  95 510, or
the interrupt control circuit 46. When   output of the flip-flop 615 is
coupled to the a particular device has been selected, the   input of an
inverter 616, and to the first of corresponding flip-flop therefore will be
set. four inputs of an AND gate 618. The output Once a device has been
selected by  of the inverter 616 is coupled to the "D" 35  setting  the
corresponding  flip-flop,  input of a flip-flop 620. The true (Q) output
100 then the signals supplied on the lines 536a  of the flip-flop 620 is
coupled to a second and 536b will determine whether the device  input of
the AND gate 618. The [err] and [err] is to accept data from the ROM
circuit or is  clock inputs of the flip-flops 615 and 620 are to supply
data to the ROM circuit. That is, coupled to the clock signals lines 556.
40  the signal supplied on the line 536a controls    The line 507d , which
transmit a control  105 the operation of supplying data to one of the four
devices selected. The signal on the  signal from  the I/O port address
select line 536b controls the  accepting of data  circuit 506 (Fig. 9), is
coupled to the input from two of four devices. Note that data  of a NOR
gate 623 the first of three inputs 45  may be accepted from or supplied to
the I/O port 38 or the I/O port 40, while data  of a AND gate 624, the
first of three inputs 110 may only be supplied to the timer 510 and  of an
AND gate 625, and the first of two the interrupt control circuit 46.
inputs of a NOR gate 626. The output of the Assume, for example, that the
inverter 622 is coupled to the first of two 50  combination of mask
proramming at the  inputs of an AND gate 628, the first of three inputs of
inverters 604 et seq corresponds to  inputs of an AND gate 629, a third
input of 115 the six high-order bits of the byte of data  the A ND gate
618, and the first of two supplied on the lines 505 (i.e., on lines  inputs
of an AND gate 630. 505c-505h). Thus, a signal is supplied on    The
outputs of AND gates 618 and 629 55  the line 607 to the AND gates 568
through  are coupled to the two inputs of a NOR gate 571. Further assume
that the combination  631. The output of the NOR gate 631 is 120 of signals
supplied on the lines 505a and  coupled to the inverted "D" input of a
flip- 505b (two low-order bits of the byte of data  flop 633. The true
output (Q) of the flip-flop on lines 505) cause the flip-flop 562 to be
633, which is indicative of an external 60  set. A low-level signal is
supplied at the  interrupt, is coupled to a second input of output of the
flip-flop 562 to the inverted  the AND gate 629, and to the first of three
125 inputs of the AND gates 576 and 579. A  inputs of an AND gate 634.
low-level signal on the line 536a with a    The outputs of the AND gates
624 and corresponding high-level signal on the line  628 are coupled to the
two inputs of a NOR 65  536a will enable the AND gate 579. Hence, gate 635.
The output of the NOR gate 635 is    
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18 coupled to an inverted "D" input of a flip- the inverter 666 is coupled
to a second flop 637 (as indicated in the figures by the  input of the AND
gate 625. The line 500b, open circle adjacent to the "D" input). The  which
is the second data position of the true (Q) output of the flip-flop 637 is
data bus 500, is coupled to the input of an 5  coupled to the second input
of the AND  inverter 668. The output of the inverter 668  70 gate 628, and
to the fourth input of the  is coupled to the third input of the AND AND
gate 618.                         gate 624, and to the third input of the
AND A line 536f is coupled- from the control gate 625. ROM 534 to the input
of an inverted 639, to   The outputs of AND gates 625 and 630 10  the first
of three inverted inputs of AND  are coupled to the two inputs of a NOR  75
gates 640 and 641, and to the first of four  gate 670. The output ofthe NOR
gate 670 inverted inputs of an AND  gate 642.   is coupled to the inverted
"D" input of a The signal transmitted on the line 536f has  flip-flop 672.
The true output (Q) of the flip- the function of gating the upper eight (8)
flop 672 is coupled to the second input of 15  bits of the interrupt
address from the circuit the AND gate 630, to a line 673, and to a  80 508
(Fig. 8). A line 536d is coupled from the  fourth input of the AND gate
647. The not control ROM 534 to the first of two inputs true (Q) output of
the flip-flop 627 is of an AN D  gate 645. The signal coupled to a second
inverted input of the transmitted on the line 536d has the  AND gate 642.
20  function of preventing further changes of   The output of the NOR gate
626 is 85 the service request flip-flop 676 while an  coupled to a second
input of the AND gate interrupt address is being transmitted from  660, the
third input of the AND gate 634, the circuit 508.                      and
the fifth input of the AND gate 647. The outputs of the inverter 639 and
the  The outputs of AND gates 647, 634 and 660 25  AND gate 645 are coupled
to the second  are coupled to the three inputs of a NOR  90 and third
inputs of the NOR gate 623. The  gate 674. The output of the NOR gate 674
is output of the NOR gate 623 is coupled  coupled to the inverted "D" input
of a flip- to an inverter "D" input of a flip-flop 646. flop 676. The true
output (Q) of the flip-flop The true (Q) output of the flip-flop 646 is
676, which is indicative of an interrupt 30  coupled to the second input of
the AND  service request, is coupled to the third input  95 gate 645, to a
second input of the AND gate  of theAND gate 660, and to the first of two
634, and the first of five inputs of an AND  inverted inputs of an AND gate
678. The. gate 647.                             not true (Q) output of the
flip-flop 676 is The line 512 coupling the timer 510 to the  coupled to a
third inverted input of the 35  interrupt control circuit 46 (Fig. 8) is
AND gate 642, to second inverted inputs of 100 coupled to the "D" input of
a flip-flop 648. the AND gates 640, 641, and 643 and to the The true (Q)
output of the flip-flop 648 is first of three inverted inputs of AND gate
coupled to the "D" input of a flip-flop 650. 680. The not true (Q) output
of the flip-flop 648    The line 536e from the control ROM 40  is coupled
to the first of two inverted inputs  534 is coupled to a second input of
the 105 of an AND gate 652. The true (Q) output of AND gate 680. The signal
transmitted on the flip-flop 650 is coupled to the second  the lines 536e
has the function of gating the inverted input of the AND gate 652.   lower
8 bits of the interrupt address from The line 507c, from the I/O port
address  the circuit 508. The line 48, which transmits 45 select circuit
506, is coupled to the input of the priority in signal, is coupled to an
110 an inverter 654. The output of the inverter  inverted input of each of
the AND gates 654 is coupled to the first of two inverted  642, 641, 643,
678, 640 and 680. The output inputs of an AND gate 658, to the first of  of
the AND gate 642 is coupled. to the three inputs of an AND gate 660, and to
a  input of an inverter 682. The output of the 50 second input of the AND
gate 647.      inverter 682 is coupled to the second input 115 The outputs
of AND gates 652 and 656  of the AND gate 656. The output of the are
coupled to the two inputs of a NOR  AND gate 641 is coupled to the input of
an gate 662. The output of the NOR gate 662 is  inverter 684, and to the
second input of the coupled to the second inverted input of the  NOR gate
626. The output of the inverter 55 AND gate 658. The output of the AND gate
684 is coupled to the third input of the 120 658 is coupled to the "D"
input of a flip-  AND gate 629. flop 664. The true (Q) output of the
flip-flop    The output of the AND gate 643 is 664, which is indicative of
a timer interrupt,  coupled to the input of an inverter 688. The is coupled
to a first input of the AND gate  output of the inverter 688 is coupled to
the 60 656, and to a third input of the AND gate  line 50 which transmits
the interrupt service 125 647.                                  request
signal to the CPU circuit 20. The The line 500a, which is the first data
output of the AND gate 678 is coupled to position of the data bus 500, is
coupled to  the input of an inverter 690. The output of the input of an.
inverter 666, and to the third  the inverter 690 is coupled to the line 53,
65 input of the AND gate 624. The output of  which transmits the priority
out signal to  130    



1,527,513                                     19 other circuits in the
microprocessor system.  interrupt control circuit 46 by the 1/0 port The
outputs of the AND gates 640 and 680  address select circuit 506. Flip-flop
676 is are coupled to the lines 598 and 599,  employed for indicating a
service request respectively, which are coupled to the NOR   action to the
CPU 20 from any ROM circuit, 5   gate 588 (Fig. 9) for controlling the
such as the ROM circuit 22, in the system.  70 direction of data flow
through the buffer  The flip-flop 676 is set during one of two 502.
conditions. First, flip-flop 676 will be set Referring again to Fig. 10,
the flip-flops  from the timer enable flip-flop 672 being 637 and 672 are
employed for selecting two   set, the timer interrupt request flip-flop 664
10  types of interrupts that may occur. The flip-  being set, and the
flip-flop 646 being set.  75 flop 637 is employed to condition the
Secondly, the flip-flop 676 will be set by the interrupt circuitry for an
external interrupt,  external interrupt request flip-flop 633 and the
flip-flop 672  is employed  or  being set and the flip-flop 646 also being
set. conditioning the interrupt circuitry for the  Referring now  to Fig.
11, the clock 15  timer interrupt. The flip-flops 637 and 672  circuits 555
and a clock prescaler for the   80 are set by the binary combination of
signals  timer 510 are illustrated in logic diagram appearing on the lines
500a and 500b  form. A first line 29a of the lines 29, which during the
loading of an interrupt  transmits a first clock synchronizing signal
instruction, and a high-level signal on the  from the CPU 20 to the ROM
circuit 22, is 20  line 507d enables this loading operation.  coupled to
the input of an inverter 730. The   85 Flip-flops 615, 620 and 633 memorize
the  output of the inverter 730 is coupled to the fact that an external
interrupt signal has  input of an inverter 732, and to the first of
occurred on the line 52. During an external  two inverted inputs of an AND
gate 734. interrupt a positive transition on the line 52,  The output of
the inverter 732 is coupled to 25   which is the external interrupt line to
the  the first of two inverted inputs of an AND   90 ROM  circuit 22, will
set the flip-flop 615.  gate 736. The output of the AND gate 734 is Note
than the signal supplied on the line 52  coupled to the second inverted
input of the is generated as a negative transition;  AND gate 736, and to
the [err] clock inputs of however, an inverter (not shown) is present
flip-flops 738 through 744. The output of 30  in the line 52 which inverts
the negative  the AND gate 736 is coupled to the second   95 transition to
a positive transition. However,  inverted input of the AND gate 734, and to
prior to this positive transition flip-flop 620  the [err] clock inputs of
the flip-flops 738 was set by the flip-flop 615 being reset.  through 744.
During the time interval between the clock 35  signal that set the
flip-flop 615 and a clock  A second line 29b of the lines 29, which signal
which will subsequently reset the  transmits a second synchronizing signal
100 flip-flop 620, flip-flop 633 will be set  from the CPU 20 to the ROM
circuit 22, is provided that the flip-flop 637 has been   coupled to the
input of an inverted 746. The previously  selected. A  set state  of
output of the inverter 746 is coupled to the 40  the flip-flop 633
represents an external  input of an inverter 748, and to the first of
interrupt request.                        two inverted inputs of an AND
gate 750. 105 .                                       The output of the
inverter 748 is coupled to The flip-flops 648 and 650 operate in a    the
first of two inverted inputs of an AND similar manner to set the flip-flop
664 for a   gate 752. The ouput of the AND gate 752 is timer interrupt.
Assume, for example, that 45  a low-level signal has been present on the
coupled to the second inverted input of the line 512. This low-level signal
will reset the AND gate 750, and to a line 556b, which  110 transmits the
clock [err] clock signal to a flip-flops 648 and 650. A positive transition
majority of flip-flops in the on the line 512, in conjunction with clock
complementary circuits in the ROM circuit signals on the lines 556, will
set the flip-flop 50   648. Between this clock signal and a       22.The
output of the AND gate 750 is subsequent clock signal flip-flop 648 will
coupled to the second inverted input of the   115 AND gate 752, to the
first of two inputs of remain set while flip-flop 650 will remain reset.
The not true (Q) output of the flip- an OR gate 754, to the "D" input of
the flop 648 and the true (Q) output of the flip-   flip-flop 739, to the
first of two inputs of an 55  flop 650 are both at a low-level and enable
AND gate 756, to a first of two inputs of a the setting of the flip-flop
664 by means of   NOR gate 757, and to a line 556a, which the AND gate 652.
A set state of the flip-    transmits the [err] clock signal to a majority
flop 664 memorizes a timer interrupt           of the flip-flops in the
complementary request .                              circuits of the ROM
circuit 22 60    The  flip-flop 646  functions to    The true (Q) output of
the flip-flop 739 is prevent any other changes in the interrupt coupled to
the second input of the OR gate  125 circuit while the interrupt address is
754. The output of the OR gate 754 is provided to the system. Flip-flop 646
is set coupled to the "D" input of the flip-flop by a high-level signal
present on the line  738. The not true (Q) output of the flip-flop 65
507d, which represents the selection of the  738 is coupled to the second
input of the 



20                                1,527,513 NOR gate 757. The output of the
NOR gate  supplied on the line 29b is the second of the 757 is coupled to
the first of two inverted  two synchronizing signals between circuits
inputs of an AND gate 758. The line 589,  of the system and is represented
by the from the NOR gate 588 (Fig. 9), is coupled to the  waveform 1330 in
Fig. 2b. 5  second inverted input of the AND gate 758.    Referring back to
Fig. II the signal  70 The output of the AND gate 758 is coupled  supplied
on the line 29a is shaped by the to the input of an inverter 760, and the
AND gates.734 and 736 to provide a clock output of the inverter 760 is
supplied on a  signal that is supplied to the [err] and [err] line 762 to
the data buffer circuit 502. The inputs of the flip-flops 738 through 744.
The 10  signal supplied on the line 762 gates the  signal supplied on the
line 29b is shaped by  75 transfer of output data through the buffer  the
AND gates 750 and 752 to provide the 502.
clock timing signal on the lines 556a and The line 507c, from the I/0 port
address  556b. The timing signals on the lines 556a select circuit 506
(Fig. 9), is coupled to the  and 556b are supplied to the remaining 15
first of three inverted inputs of an AND  flip-flops of the ROM  circuit
22. The  80 gate 765, and to the second input of the  output signals from
the flip-flops 738 and AND gate 756. The output of the AND gate  739 are
combined with the clock signals on 756 is coupled to the first of two
inputs of a the line 556a to derive a signal on the line NOR gate 768. The
second input of the  762 for gating data through the buffer 20  NOR gate
768 is coupled to the output of an  circuit 502. A high-level state of the
signal  85 AND gate 770. The output of the NOR gate  supplied on the line
589 from the NOR gate 768 is coupled to the first of two inverted  588
(Fig. 12) will inhibit the buffer gating inputs of an AND gate 772, and to
the input signal on the line 762 by means of the AND of an inverter 774.
The output of the  gate 758. However, a low-level signal on the 25
inverter 774 is coupled to the first of two  line 589 will enable the AND
gate 758 to  90 inverted inputs of an AND gate 776. The  pass the output of
the NOR gate 757 output of the AND gate 776 is coupled to  through the AND
gate 758 and the inverter the second inverted input of the AND gate 760 to
the line 762. 772, and to a line 778. The output of the   The flip-flops
740 through 744 comprise a 30  AND gate 772 is coupled to the second
frequency divider for dividing the clock  95 inverted input of the AND gate
776, and to  signals by five. These newly derived clock a line 770. The
lines 778 and 780 transmit  signals are shaped by the AND gates 772 the
[err] and [err] clock signals to flip-flops and 776, and are supplied on
the lines 778 within the timer circuit 510.          and 780 to the timer
circuit 510. The signal 35    The output of AND  gate 765 is     supplied
on the lines 507c inhibits the 100 coupled to the "D" input of the
flip-flop  divider-circuit during a loading operation of 740. The true
output (Q) of the flip-flop 740 the timer circuit 510. However, the clock
is coupled to the "D" input of the flip-flop  signal supplied on the line
556a is gated 741, and to the first of four inverted inputs through the AND
gate 756, 772 and 776 to 40  of an AND gate 782. The true (Q) output of the
lines 778 and 780 for use as clock signals 105 the flip-flop 741 is coupled
to the "D" input in the timer 510 during the timer load of the flip-flop
742, to the first of two inputs   operation. of AND gates 770 and 784, and
to the first   Referring now to Fig. 12, the timer of three inputs of a NOR
gate 786. The true circuit 510 and the interrupt address 45  (Q) output of
the flip-flop 742 is coupled to  generator circuit 508 are shown in logic
110 the "D" input of flip-flop 743, and to the diagram form. The lines 778
and 780 from second inverted input of the AND gate 782. the clock circuits
555 are coupled to the [err] The true output of the flip-flop 743 is   and
[err] clock inputs, respectively, of flip- coupled to the "D" input of the
flip-flop flops 800 through 807. For simplification of 50  744, and to the
third inverted input of the the drawing of Fig. 13 only a portion of the
115 AND gate 782. The true output of the flip- flip-flops 800 and 807 are
shown (viz., flip- flop 744 is coupled to the fourth inverted flops- 800,
801 and 807). Line 500a, which input of the AND gate 782, to the second
constitutes the lowest order position of the input of the AND gate 784, and
to a second  internal data bus 500, is coupled to the first 55  input of
the NOR gate 786. The output of of two inputs of an AND gate 816. The line
120 the AND gate 782 is coupled to the second  500h, which constitutes the
highest order input of the AND gate 770, and to the third  position of the
internal data bus 500, is input of the NOR gate 786.             coupled to
the first of two inputs of an In describing the operation of the circuit
AND gate 817. The lines 500d through 500f, 60  shown in Fig. 11, reference
is again made to which constitute the remaining positions of 125 Figs. 2a
and 2b. The signal supplied on the the internal data bus 500, are coupled
to the line 29a is the first of two synchronizing first of two. inputs of
AND gates (not signals between circuits of the    shown)which correspond to
the AND gates microprocessor system and is represented  810, 816 and 817.
The line 507c, from the 65  by the waveform 1330 in Fig. 2b. The signal I/O
port address select circuit 506, is 130 
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coupled to the second input of the AND   from the interrupt control circuit
46 (Fig.  65 gates 810... 816 and 817, and to the input  10) is coupled to
the input of an inverter of an inverter 809. The output of the   860. The
line 673 from the interrupt control inverter 809 is coupled to the first of
two   circuit 46, which transmits a timer enable 5   inputs of AND gates
818... 824 and 825.  signal, is coupled to the first of two inputs The
outputs of the AND gates 817 and  of a NAND gate 862. The line 599 from the
70 825 are coupled to the two inputs of a NOR   interrupt control circuit
46 is coupled gate 826. The output of the NOR gate 826 is  to the second
input of the NAND gate 862. coupled to the "D" input of the flip-flop  The
output of the inverter 860 and the 0   800. The not true (Q) output of the
flip-flop  NAND gate 862 are coupled to the line 800 is coupled to the
input of an inverter  500h.                              75 828, to the
first of two inputs of an AND  The interrupt address generator circuit gate
830, and to the first of two inputs of a   508 is programmable for a
particular use. NOR gate 832. The output of the inverter   That is,
nverters are employed for coupling 15  828 is coupled to the line 512,
which is the  the inversion of the signals on the lines 598 control line
between the timer circuit 510  or 599 to a chosen line of the internal data
80 and the interrupt control circuit 46. The  bus 500. Accordingly, only a
portion of the outputs of the AND gates 816 and 824 are  inverters used for
such programming are coupled to the two inputs of a NOR gate  illustrated
in Fig. 12. Inverters 864 and 865 20  834. The output of the NOR gate 834
is  which are coupled to the penultimate data coupled to the "D" input of
the flip-flop  position of the interrupt address generator 85 801. The not
true (Q) output of the flip-flop  508, are examples of inverters employed
in 801 is coupled to the input of an inverter  programming. The inputs to
the inverters 836, and to the second input of the AND   864 and 865 are
coupled to the lines 599 and 25  gate 825. The output of the inverter 836
is  598, respectively. Programming  is coupled to the line 512. The not
true output  accomplished by  coupling, during  90 of the flip-flop 802
(not shown) is coupled  fabrication, inverters between the lines 598 to the
second input of the AND gate 824, to  and 599 and the chosen lines within
the the second input of the NOR gate 832, and  internal data bus 500. 30
to the second input of the AND gate 830   The NAND gate 862 is always
employed in the highest order position so that a binary 95 The outputs of
the gates 830 and 832 are coupled to the two inputs of a NOR gate  one bit
of data is generated in this position 838. The output of the NOR gate 838
is  for an external interrupt, and a binary zero coupled to the first of
two inputs of a NOR   is generated for a timer initiated interrupt. gate
840 and a NAND gate 842. The second    As stated hereinabove, the interrupt
inputs of the NOR gate 840 and the AND   address generator 508 generates
two 100 gate 832 are coupled to the output of a  consecutive 8-bit bytes
for the interrupt NOR gate 844. The two inputs of the NOR   address. The
gates having inputs coupled to gate 844 are coupled to the outputs of an
the lines 599 (e.g., NAND  gates 862, 40 AND  gate 846 and a NOR gate 848
inverter 864, etc.) generate the lower order respectively. The AND gate 846
and the  8-bit byte, whereas the gates having inputs 105 NOR gates 844 and
848 are coupled to the  coupled to the line 598 (e.g., inverters 860,
circuitry not shown in the same manner as  865, etc.) generate the higher
order 8-bit that coupling the AND gate 830 and the  byte. 45 NOR gates 832
and 838.                    The purpose of this timer 510 is to .
provide a programmable interrupt time 110 The outputs of the gates 840 and
842 are  base capable of initiating an interrupt coupled to the two inputs
of a NOR gate  following the programmed time interval. 850. The  output of
the  NOR gate 850 is   The timer circuit 510 essentially comprises coupled
to the second input of the AND   an 8-bit binary counter. The timer can be
50 gate 818. The outputs of the AND gates 810   loaded from the internal
data bus 500 (lines 115 and 818 are coupled to the two inputs of a
500a-500h) in conjunction with a timer NOR gate 852. The output of the NOR
gate  load signal on the line 507c from the I/O 852 is coupled to the "D"
input of the flip-  port address select circuit 506. During the flop 807.
The true (Q) output of the flip-flop  loading of the timer 510 the clock
signals 55 807 is coupled to the input of an inverter  supplied on the
lines 778 and 780 are  120 854 and the output of the inverter 854 is
synchronized with the system timing. Once coupled to the line 512. The not
true (Q)  the timer has been loaded the clock signals output of the
flip-flop 807 is coupled to the  on lines 778 and 780 are changed to a pre-
input of an AND gate (not shown), which  scaled value divided by five of
the primary 60 corresponds to the AND gate 824 in the  system  clock
signals by the circuit 125 second order position of the timer circuit.
illustrated in Fig. 11. The portion of Fig. 12 outlined within the    The
time-out condition of the timer 510 is dashed line 508 represents the
interrupt  indicated by the flip-flops 800 through 806 



address generator circuit 508. The line 598  being in a set state and the
flip-flop 807 in a    22                                          1,527,513
reset state. This condition is detected by the portions respectively, of
the program inverters 826, 836. . . at the not true (Q) counter .42, the
stack register 533, and the outputs of the corresponding flip-flops data
counter 527. In. particular, the 800-806, and the inverter 854 at the true
(Q) combination of the signals on lines 536h 5   output of the flip-flop
807. When this and 536i in conjunction with the AND gate  70 condition is
satisfied the line 512 goes to a 950 and inverter 957 control the loading
of high-level. Hence, a high-level signal on the  circuit portions 527i
through 527q of the line 512 indicates a timer time-out.   data counter
527. Referring now to Fig.. 13, a combined logic-   The output of the AND
gate 954 is 10   block diagram of the program counter 42, the  coupled to
the input of an inverter 961, and  75 stack register 533, and the data
counter to the first of two inputs of AND gates (not address pointer 527 is
shown. The program  shown) within the circuit portions 527a counter 42, the
stack register 533, and the data  through  527h corresponding to the AND
counter address pointer 527 are each  gate, 958 within circuit portions
527q. The 15  organized into 16 identical circuit portions, output of the
inverter 961 is coupled to the  80 which are referred to herein
individually by   first of two inputs of AND gates (not the corresponding
reference numeral and an  shown) in the circuit portions 527a through
alphabetical letter. The small letter "l" is 527h, which corresponds to the
AND gate omitted to avoid ambiguity with the number 959 in the circuit
portion 527a. 20  one. The highest-order position of the   A line 536o is
coupled to the first of two  85 program counter 42 is identified as 42q,
and inputs of NOR gates 962 and 963, to the the lowest-order position is
identified as 42a. first of two inputs of an AND gate 964 in Circuit
portions of the stack register 533 and  circuit portion 533a, and to the
first of two the data counter address pointer 527 are  inputs of AND gates
(not shown) in circuit 25  identified in a similar manner. The lines 556,
portions 533a through  533p, which  90 which transmit the clock signals
from the  corresponds to the AND gate 964 in circuit clock circuits 555 are
coupled to the [err] and [err]. portion 533a. The signal supplied on the
inputs of the flip-flops 900 through 915 of lines 536o gates the contents
of the the program counter 42 (wherein flip-flops  program counter 42 into
the stack register 30  901 through 915 are not shown); flip-flops  533.
95 916 through 931 of the stack register 533    A line 536j is coupled to
the second (wherein flip-flops 917 through 931 are not inverted inputs of
the AND gates 952 and shown); and, flip-flops 932 through 947 of 955, and a
line 536g is coupled to the the data counter address pointer 527  second
inverted inputs of the AND gates 35  (wherein flip-flops 933 through 947
are not 953 and 956. The output of the AND gate. 100 shown).
953 is coupled to the input of an inverter A line 536h, from the control
ROM 534, 966, to the first of two inputs of an AND is coupled to the first
of two inputs of an  gate 968 in the circuit portions 42q, and to AND gate
950, to the first of two inverted  the first of two. inputs of AND gates
(not 40  inputs of AND gates 952, and 953. A line  shown) in the circuit
portions 42i through 105 536i is coupled to the second input of the  42p,
which corresponds to the AND gate AND gate 950, and to the first of two
inputs 968 in circuit portion 42q. The output of the of an AND gate 954. A
line 536k is coupled  inverter 966 is coupled to the first of two to the
second input of the AND gate 954, inputs of an AND gate 969 in the circuit
45  and to the first of two inverted inputs of an  portion 42q, and to the
first of two inputs of 110 AND gate 955, and to the first of two  AND gates
in circuit portions 42i through inverted inputs of an AND gate 956. The
42p, which corresponds to the AND gate 969 output of the AND gate 950 is
coupled to  in the circuit portion 42q. The output of the the input of an
inverter 957, to the first of AND gate 956 is coupled to the input of an 50
two inputs of an AND gate 958 in the high  inverter 971, and the first of
two inputs of 115 order and to the first of two inputs of AND  AND gates
(not shown) in circuit portions gates (not shown) within the blocks 527i
42a through 42h, which corresponds to the through  527p, which  AND  gates
AND gate 968 in the circuit portion 42q. correspond to gate 958 in the
circuit The output of the inverter 971 is coupled to 55  portion 527a. The
output of the inverter 957  the first of two inputs of AND gates (not 120
is coupled to the first of two inputs of an  shown) in circuit portions 42a
through 42h, AND gate 959 in circuit portion 527q, and  which corresponds
to the AND gate 969 in to the first of two inputs of AND gates  the circuit
portion 42q. within the circuit portions 527i through    The outputs of the
AND gates 968 and 60  527p (not shown) corresponding to the  969 are
coupled to the two inputs of a NOR 125 AND gate 959 in circuit portion
527q.    gate 972. The output of the NOR gate 972 is The signal supplied on
the line 536i coupled to the "D" input of the flip-flop controls the
loading of the data counter 900. The not true (Q) output of the flip-flop
527. The signals on the lines 536h and 536k 900 is coupled to the second
input of the 



65  control the loading of the upper and lower  AND gates 964, and 969, and
to a line 523q, 130    1,527,513                                23 which
comprises the highest-order position  order positions of the program
counter 42  65 of the lines 523 coupling the program  (e.g., circuit
portions 42a through 42h). counter 42 to the address gating circuit 532
The signal supplied on the line 536j (Fig. 8).
controls the AND gates 952 and 955. When 5    The output of the AND gate
952 is  a signal is supplied on the line 536j coupled to the second input
of the NOR   simultaneously with a signal on the line  70 gate 962, the
first of two inputs of an AND   536h AND gate 952 and NOR gate 962 gate 974
in the circuit portion 533q, and to  operate to load the higher-order
positions of the first of two inputs of AND gates (not  the stack register
533 (e.g., circuit portions 10  shown) in the circuit portions 533i through
533i through the 533q). when a signal is 533p, which corresponds to the AND
gate  supplied on the line 536k simultaneous with  75 974 within circuit
portion 533q. The output  a signal on the line 536j AND gate 955 and of the
NOR gate 962 is coupled to the first  NOR gate 963 operate to load the
lower of two inputs of an AND gate 976, in the  order positions of the
stack register 533 15  circuit portion 533q, and to the first, of two
(e.g.. circuit portions 533a through 533). inputs of AND gates (not shown)
in circuit    Referring now to Fig. 14. the CPU 20 is  80 portions 533i
through 533p, which  illustrated in integrated form onto a single
corresponds to the AND gate 976 in the  semiconductor die. Like reference
numerals circuit portion 533q. The outputs of the  are employed in Fig. 14
to represent like 20  AND gates 976, 964 and 974 are coupled to  components
identified  in Fig. 2 and the three inputs of a NOR gate 978. The
described in detail hereinabove. The  85 output of the  NOR  gate 978 is
coupled to  contact pads generally referred to as 1400 the "D" input of the
flip-flop 916. The not  comprise the eight connections between true (Q)
output of the flip-flop 916 is  1/0 port 31 and an I/O device, which 25
coupled to the second input of the AND   connections are interdigitated
with four of gate 976, and to a line 531q, which  the eight connections for
the data bus 34.  90 comprises the highest-order position of the  The
contact pads generally referred to as lines 531 coupling the stack register
533 to  1402 comprises the eight connections the address gating circuit 532
(Fig. 8).  between I/O port 32 and an I/O device, which connections are
interdigitated with 30    The output of the AND gate 955 is  the remaining
four connections for the data  95 coupled to the second input of the NOR
bus 34. gate 963. The outputs of the AND gate 955    Referring now to Fig.
15, the CPU circuit and the NOR gate 963 are coupled to gates  22 is
illustrated in integrated form onto a within circuit portions 533a through
533h  single semiconductor die. Like reference 35- which correspond to
gates 974 and 976,  numerals are employed to identify like 100
respectively, within the circuit portion  components illustrated in Fig. 8
and 533q.                                   described in detail
hereinabove. The The outputs of the AND gates 958 and  contact pads
generally referred to as 1404 959, within the circuit portion 527q, are
comprises the connections for I/O ports 38 40  coupled to the two inputs of
a NOR gate  and 40 and buffer 502. The contact pads are  105 980. The
output of the NOR gate 980 is  formed adjacent to corresponding circuit
coupled to the "D" input of the flip-flop  components and are
interdigitated with 932. The not true (Q) output of the flip-flop
constituent parts.(i.e., bit positions) of the 932 is coupled to the second
input of the  buffer 502. 45  AND gate 959 and to a line 529q, which
comprises the highest-order position of the    WHAT WE CLAIM IS:- lines 529
coupling the data counter 527 to    1. A microprocessor system comprising a
the address gating circuit 532. A line 522q,  first large scale integrated
circuit forming a which comprises the highest-order position  central
processing unit, a second large scale 50  of the address transfer bus 522
is coupled to  integrated  circuit forming a memory the second input of the
AND gates 958, 974  circuit, and means arranged to interrupt 115 and 968.
system operations: The signal supplied on the line 536g    (a) the  central
processing  unit controls the AND gates 953 and 956. When  comprising: 55
a signal is supplied on the line 536h    (1) data transfer means arranged
to simultaneously with a signal on the line    transfer data;
120 536g AND  gate 953 and inverter 966    (2) at least one input/output
port means operate to load the higher-order positions  coupled to the data
transfer means and of the program counter 42 (e.g., circuit    arranged to
enter data into and to 60  portions 42i through 42q) with data from
dispatch data from said system; the address transfer bus 522. When a signal
(3) storing means arranged to store  125 is supplied on the line 536h
simultaneously  instruction codes to be executed by with a signal on the
line 536g AND gate 956  said system and having input terminals 



and inverter 971 operate to load the lower-  coupled to the data transfer
means;    1,527,513                      23 which comprises the
highest-order position  order positions of the program counter 42  65 of
the lines 523 coupling the program  (e.g., circuit portions 42a through
42h). counter 42 to the address gating circuit 532    The signal -supplied
on the line 536j (Fig. 8).                              controls the AND
gates 952 and 955. When 5    The output of the AND gate 952 is  a signal is
supplied on the line 536j coupled to the second input of the NOR
simultaneously with a signal on the line  70 gate 962, the first of two
inputs of an AND   536h AND gate 952 and NOR gate 962 gate 974 in the
circuit portion 533q, and to  operate to load the higher-order positions of
the first of two inputs of AND gates (not  the stack register 533 (e.g.,
circuit portions 10  shown) in the circuit portions 533i through   533i
through the 533q). when a signal is 533p, which corresponds to the AND gate
supplied on the line 536k simultaneous with  75 974 within circuit-portion
533q. The output  a signal on the line 536j AND gate 955 and of the NOR
gate 962 is coupled to the first  NOR gate 963 operate to load the lower of
two inputs of an AND gate 976, in the  order positions of the stack
register 533 15  circuit portion 533q, and to the first of two  (e.g.,
circuit portions 533a through 533). inputs of AND gates (not shown) in
circuit    Referring now to Fig. 14. the CPU 20 is  80 portions 533i
through  533p, which      illustrated in integrated form onto a single
corresponds to the AND gate 976 in the     semiconductor die. Like
reference numerals circuit portion 533q. The outputs of the  are employed
in Fig. 14 to represent like 20  AND gates 976, 964 and 974 are coupled to
components identified in  Fig. 2 and the three inputs of a NOR gate 978.
The  described in detail hereinabove. The  85 output of the NOR gate 978 is
coupled to  contact pads generally referred to as 1400 the "D" input of the
flip-flop 916. The not  comprise the eight connections between true (Q)
output of the flip-flop 916 is  I/O port 31 and an I/O device, which 25
coupled to the second input of the AND  connections are interdigitated with
four of gate 976, and to a line 531q, which  the eight connections for the
data bus 34.  90 comprises the highest-order position of the  The contact
pads generally referred to as lines 531 coupling the stack register 533 to
1402 comprises the eight connections the address gating circuit 532 (Fig.
8).  between VO port 32 and an I/O device, which connections are
interdigitated with 30    The output of the AND gate 955 is  the remaining
four connections for the data  95 coupled to the second input of the NOR
bus 34. gate 963. The outputs of the AND gate 955    Referring now to Fig.
15, the CPU circuit and the NOR gate 963 are coupled to gates  22 is
illustrated in integrated form onto a within circuit portions 533a through
533h  single semiconductor die. Like reference 35  which correspond to
gates 974 and 976,  numerals are employed to identify like 100
respectively, within the circuit portion  components illustrated in Fig. 8
and 533q.                                  described in detail hereinabove.
The The outputs of the AND gates 958 and  contact pads generally referred
to as 1404 959, within the circuit portion 527q, are  comprises the
connections for I/O ports 38 40  coupled to the two inputs of a NOR gate
and 40 and buffer 502. The contact pads are  105 980. The output of the NOR
gate 980 is  formed adjacent to corresponding circuit coupled to the "D"
input of the flip-flop  components and are interdigitated with 932. The not
true (Q) output of the flip-flop  constituent parts (i.e., bit positions)
of the 932 is coupled to the second input of the  buffer 502. 45  AND gate
959 and to a line 529q, which comprises the highest-order position of the
WHAT WE CLAIM IS:-             110 lines 529 coupling the data counter 527
to    1. A microprocessor system comprising a the address gating circuit
532. A line 522q,  first large scale integrated circuit forming a which
comprises the highest-order position  central processing unit, a second
large scale 50  of the address transfer bus 522 is coupled to  integrated
circuit forming a memory the second input of the AND gates 958, 974
circuit, and means arranged to interrupt 115 and 968.
system operations: The signal supplied on the line 536g    (a) the  central
processing  unit controls the AND gates 953 and 956. When    comprising: 55
a signal is supplied on the line 536h    (1) data transfer means arranged
to simultaneously with a signal on the line    transfer data;
120 536g AND  gate 953 and inverter 966    (2) at least one input/output
port means operate to load the higher-order positions  coupled to the data
transfer means and of the program counter 42 (e.g., circuit   arranged to
enter data into and to 60  portions 42i through 42q) with data from
dispatch data from said system; the address transfer bus 522. When a signal
(3) storing means arranged to store  125 is supplied on the line 536h
simultaneously  instruction codes to be executed by with a signal on the
line 536g AND gate 956  said system and having input terminals 



and inverter 971 operate to load the lower-  coupled to the data transfer
means;    24                                   1,527,513
24 (4) first decoding means arranged to   (c) the means arranged to
interrupt   65 supply first control signals to the   stem operations
comprising: central processing unit and second   (1) an interrupt logic
means located in control signals towthe memory circuit,    the central
processing unit, and an 5      the first and second control signals
interrupt control means and an being derived by the first decoding
interrupt address generation means   70 means in accordance with
instruction    both located in the memory circuit; codes stored in the
storing means;      (2) the interrupt logic means being (5) computing
means arranged to         arranged to supply an interrupt 10     perform
arithmetic computations         interrogate signal in response to a coupled
to the data transfer means;     predetermined status of operation of  75
(6) accumulating means arranged to        the system and being coupled to
the accumulate results of the computing    first decoding means so that
system means coupled between. input and       interrupts occur in
synchronization 15    output terminals thereof;                with system
operations; (7) random  access memory means   (3) said interrupt control
means being   80 coupled between input and output        arranged to
receive interrupt signals terminals of the computing means and   for
external sources and in response arranged to store results of the
thereto supplying an interrupt service 20    computing means;
request signal to said interrupt logic (8) gating means coupling said
output     means and the interrupt address  85 terminals of the computing
means with   generation means; and the data transfer means;
(4) the interrupt address generation (9) means arranged to transmit said
means being arranged. to supply 25     instruction codes from  the storing
address information to the code means to one or more of the first
storage means in response to the   90 decoding  means, the computing
interrupt service request signal, means, and the random  access
wherein   operation   of  the memory means;
microprocessor system in accordance. 30   (10) means coupling said first
control     with a first sequence of instruction signals from said first
decoding means  codes is interrupted in response to an   95 to said
input/output port means, the      interrupt signal in coincidence with an
storing means, the computing means,    interrupt interrogate signal to
change 35     the accumulating means, the random       system operation to
a second sequence access memory means, the data           of instruction
codes retrieved from transfer means, and the gating means,   said storage
means at an address  100 whereby operation of the central        generated
by the interrupt address processing unit is controlled by the    generation
means. 40     first control signals in accordance with    2: A
microprocessor system as claimed in the instruction codes;
claim 1 in which the means arranged to (b) the memory circuit comprising:
interrupt has a timer means between the 105 (1) code storage means arranged
to store  interrupt address generation means and the a multiplicity of the
instruction codes  interrupt control means arranged to for the system;
provide a time delay between receipt of the .
interrupt request signal and initiation of a 45   (2) second decoding means
arranged to  system interrupt operation.          110 receive the second
control signals from the first decoding means in the central    3. A
microprocessor system as claimed in processing unit and for generating
claim  2. in which the interrupt control means has circuit means arranged
to 50     third control signals in accordance  intiate a system interrupt
in response to a with the second control signals to  time delayed signal
from the timer means. 115 control operation of the memory      4. A
microprocessor system as claimed in circuit;
claim  1, 2 or 3 in which the interrupt (3) means arranged to address said
code  control means has means arranged to store storage means in response
to the third  the interrupt signals from external sources 55     control
signals, thereby to retrieve   until said interrupt interrogate signal is
120 selected instruction codes from  the  received from said interrupt
logic means. storage means in response to the       5. A microprocessor
system as claimed in second control signals from the first  claim  1, 2, 3
or 4 in which the interrupt decoding  means in the central  control means
has circuit means arranged 60     processing unit; and,               to
establish a priority of system interrupts  125 (4) means arranged to
transfer said   when more then one interrupt request retrieved instruction
codes to said  signal is received by the system. 



storing means to store instruction     6. A microprocessor system as
claimed codes; and                           in any preceding claim having
an additional    1,527,513                                   25 plurality
of memory circuits, each  includes means arranged to directly couple
comprising:                             output terminals of the storing
means to  40 (1)  a respective further code storage  input terminals of the
first decoding means. means arranged to store a multiplicity    9. A
microprocessor system as claimed in 5       of the instruction codes for
said  any preceding claim in which the central system;
processing unit comprises clock circuit (2) a respective further decoding
means  means arranged to provide a system   45 arranged to receive said
second  clocking signal of a first frequency in control signals from said
first decoding  response to a first state of one of said first 10
means in said central processing unit  control signals from  said first
decoding and for generating respective further  means and a second
frequency in response control signals in accordance with said  to a second
state of said one of said first  50 second control signals to control
control signals, whereby the speed of operation of each of the memory
operation of said system is controlled in 15       circuits;
accordance with the instruction codes. (3) a respective further means
arranged    10. A microprocessor system as claimed to address said code
storage means in  in claim 9 in which the memory circuit has   55 response
to said further control signals, second clock circuit means having an input
thereby to retrieve selected instruction  terminals for receiving said
system clocking 20       codes from the further code storage  signal and
arranged  to generate in means in response to the second  synchronization
therewith second clock control signals from the first decoding  signals for
said memory circuit.      60 means in the central processing unit;    11. A
microprocessor system and,                                 substantially as
herein described with 25    (4) respective further means arranged to
reference to Figs. 1 and 2 to 15 or to Fig. 1 transfer the retrieved
instruction codes  as modified by Fig. 1 a and Figs. 2 to 15 of to said
storing means.               the accompanying drawings.                65
7. A microprocessor system as claimed in any preceding claim in which the
means       POLLAK MERCER & TENCH, 30   arranged to transmit the
instruction codes       Chartered Patent Agents, has a multiplex means
responsive to the              Chancery House, first control signals for
selectively supplying  53-64 Chancery Lane, the instruction codes to the
computing             London WC2A 1HJ. means and the random  access memory
and Eastcheap House, 35   means.
Central Approach, 8. A microprocessor system as claimed in
Letchworth, any preceding claim in which the means           Hertfordshire
SG6 3DS. arranged to transmit the instruction codes      Agents for the
Applicants. Printed for Her Majesty's Stationery Office, by the Courier
Press, Leamington Spa, 1978 Published by The Patent Office, 25 Southampton
Buildings, London, WC2A IAY, from which copies may be obtained.    


