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[err] G06F 7/00 (52)Index at acceptance G4A 17P AU (72) Iventor VERNON
CAMPBELL GREGORY (54) INDUSTRIAL   ONTROL PPROCESSOR (71)    We, Motorola
Inc,a corpor- problems involving complex  manipulation ation  organised and
existing under the laws  or sorting of large amounts of  data at high  50
of the State of Delaware, United States of  speed and at performing complex
mathe- America of 1303 East .Algonquin Road, matical andlogical
computationsj when pro- Schaumburg, Illinois  60196, United States  grammed
by skilled programmers,they are of America,. do hereby declare the inven-
relatively unsuited for many -of. the "in- iton, for which we pray that ;a
patent may  dustrial control" logic operations present   55 be granted to
us, and the method by -which  -performed by relay systems. -Relay systems
it is to be  performed, to be particularly de,  are easily programmable by
mechanically 10 scribed in and by the following statement  oriented persons
untrained in the art of computer programming.  For example, The present
invention relates, in .general  byte-oriented microprocessors are unsuited
60 o digital data- pzocssing devices, and snore  -to -such simple
industrial contrel tasks as particulary to  one-bit digital data proces-
controlling turning on -of ;large number -of 15  singdevices useful as
one-bit industrial con-  lights or activating simple .electro-mechani- trol
units.                              cal switches such as-solenoids in power
con- Recently, integrated :circuit micropro-  trol systems under program
control. Many  65 cessors have been developed in the- semi- instructions-
are required in order to imple- -conductor industry which provide a- great
ment such a task with -presently available 20 deal of computing power on a
singl semi-  byte-oriented ricroprocessors, and service conductor
chip-alone or in conjunction with  personnel accustomed to relay type pro-
a relatively small number of supporting  grammable circuits are unable -to
accom- 70 interface and. -memory chips  Such ma-  plish such
programming-tasks without.-ad- chines have typically been "byte-oriented"
ditional training. 25 machines in which data and address infor-   It is .an
object of the invention to pro- mation are. processed. so that all bits of
a  vide a one-bit digital control unit which is byte -(for example, one
byte can consist of  readily programmable by persons familiar 75 8 bits),
are processed in parallel.  Such  with or capable of understanding the
logic microprocessors  are  programmable  by  of relay networks. 30 means
of machine. instructions, or alter-   It is another object of the invention
to natively, software may be provided, includ-  provide a one-bit digital:
control unit in ing compilers, in order to permit program-  which the
:prograing operations corres- 80 ming by means of -user-oriented program-
pond on a one-to-one basis with the pro- ming languages.  Either way.,
relatively  gramming operations associated with a relay 35 -skilled:
pogrammers are required in order  network including normally open and nor-
to wake  optimum use of such micropro-  mallyclosed relays. cessors for
many data processing applica-   According to one aspect of the invention
85 tions. -. But- there are many industrial con-  there is provided a
one-bit digital -control trol applications in which programmable  unit for
executing any one of plurality of 40 control devices ae .required which may
be  non-arithmetic instructions comprising  a readily- programmed. by
mechancally-  single data conductor means for conducting oriented service
support personnel who are  data to and from said- digital control unit; 90
relatively untrained in electronics in gen-  instruction decode means for
receiving:and eral, and especially in the areas of program-  decoding- said
instructions and producing 45 ming- in- machine language, assembly lan-
control signals for effecting execution of :guage or user-oriented.
languages . Al-  said instructions; storage means for storing though  the.
sophisicated : b oriented  intermediate result information; logic means 95
microprocessors are well suited to solving  responsive to said instrction
decode means    2                               .  1,574,540
2 said logic means coupled to said data con-  ing an output of said storage
output means ductor means and to said storage means for  to said first
input of said logic means. performing non-arithmetic logic operations  .
According to a still further aspect of the 



on data received from said data.. conductor  invention there is provided a
one-bit digital 5 means and from  said storage means and  control unit for
executing a plurality of in- '70 causing an output from said logic means
structions comprising: a single data termi- which is to be stored in said
storage means. nal for conducting data to and from said In an embodiment of
the invention a one-  digital control unit; a plurality of instruc- bit
digital control unit for executing any  tion input conductors- instruction
decode 10 one of a plurality of non-arithmetic instruc-  means responsive
to digital code signals said  75 tions includes data conductor means for
instruction decode means being coupled to conducting data to and from the
digital con- said plurality of instruction input conduc- trol unit and an
instruction decoder for  tors for decoding an instruction code and
receiving and decoding instructions and pro- producing a decoder output
signal corres- 15 ducing control signals. The digital control ponding to a
decoded instruction; control 80 unit also includes a logic unit responsive
to  means responsive to said decoder output the instruction decoder for
performing non- signal for producing a plurality of control arithmetic
logic operations, such as logical signals for effecting execution of said
de- AND, OR, NAND, NOR, Exclusive NOR, coded instruction; logic means
having first 20  operations upon information received from   and second
inputs and an output said logic 85 the data conductor means at one input of
means being responsive to said control sig- the logic unit and information
present 'at a  nals, said logic means-being coupled to said 'second input
of the logic unit. The digital data terminal for effecting performance of
control unit also includes a storage element one of a plurality of logical
functions on 25 'coupled to the output of the logic unit for  data signals
on said first and second inputs 90 storing intermediate result information
and  and for producing a corresponding result makes the intermediate result
information  signal at said output, said plurality of logical available at
an input of the logic unit.  functions including an AND-type function
According to a further aspect of the in- and an invert-type function, but
not includ- 30 vention there is provided a one-bit digital ing any
arithmetic-type function; result 95 -control unit for' executing a
plurality of -storage means responsive to said control instructions
comprising: a single data con- means and coupled to said output and to *
ductor means for conducting data to and -said second input for storing
information * from said digital control unit; a plurality of representative
of said result signal; means 35 instruction input conductors for conducting
responsive to said result storage means for 100 any one of a plurality of
digital codes each  selectively coupling an output of said result
representative, respectively, of said instruc- storage means to said first
input. tions to said digital control unit; instruction    The invention
will now be described by decode means responsive to said digital way of
example only with particular refer- 40 codes said instruction decode means
being  ence to the accompanying drawings where- 105 coupled to said
instruction input conductors  in: for decoding said one of said digital
codes    Figure 1 is a block diagram of a one-bit and producing a decoder
output signal cor-  control unit according to the invention. responding to
a decoded one of said instruc-   Figures 2a to 2f in combination consti- 45
tions; control means responsive to said de- tutes a complete logic diagram
of the em- 110 coder output signal for producing a plu-  bodiment of the
invention shown in Figure rality of control signals for effecting execu-
1. tion of said decoded one of said instruc-    Figure 3 is a block diagram
of a system tions; logic means having first and second  which utilizes the
one-bit control unit of 50 inputs and an output, said logic means being
Figure 1 according to the invention.  115 responsive to said control
signals, said logic    Figure 4 is a block diagram of another means being
coupled to said data conductor  system  embodying the control unit of means
for effecting performance of a selec-  Figure 1. ted one of the plurality
of instructions and  Figure 5 is a block diagram useful in 55 for producing
an output signal at said out-  explaining operation of the control unit 120
put, said plurality of instructions including  according to the invention.
at least an AND-type function but not in-  Figure 6 is a block diagram of
an inte- cluding any arithmetic-type functions, stor- grated  system
including  a byte-oriented age output means responsive to said control
-processor and a one-bit control unit accord- 60 means and coupled to said
output of said  ing to the invention.                    125 logic means
and to said second input, said    Figure 7 is a block diagram of another
storage output means being for storing in- system including a one-bit
control unit and formation representative of said output of  a
byte-oriented microprocessor according to said logic means, means
responsive to said  the invention. 65 storage output means for selectively
coupl-    Referring to Fig. 1, control unit 10 trans- 130    



3                                    1,574,540
3 mits and receives data over bidirectional tor 20 to which a restart input
may be data conductor 14, designated DIO. An  applied in order to
initialize oscillator 36 input enable latch 22A, which may be a  and
various other circuits in control unit 10 clocked D flip-flop, -has its D
input con- including providing a reset to result register 5nected to data
conductor 14 and its output 48 on conductor 29. Non-arithmetic logic 70 38
connected to one input of AND gate 39. unit 49 has a second input 47 and an
output Data conductor 14 is connected to the other 50. Logic unit 49
performs logic oper- input of AND gate 39, and the output 40  ations on the
logic signals appearing at first of AND gate 39 is connected to one input
input 40 and second input 47 and produces 10 of non-arithmetic logic unit
49. In a par- the logical result on conductor 50 which is 75 ticular
implementation, of course, AND  connected to the D input of result register
gate 39 could be replaced by a NAND gate  48, which has its clock input
connected to by taking into consideration the inverted  conductor 29, which
is coupled to control logic output of the NAND gate. The term  logic 24.
The Q output 47 of result regis- 15 "AND-type gate" is utilized herein to
refer ter 48, which may be a D type flip-flop, is 80 to either an AND gate
or a NAND gate, connected to input 47 of logic unit 49 and and a similar
convention is adopted for the  to an input of AND gate 47A. Another in-
term "OR-type gate", which is used to refer put of AND gate 47A is
connected to STO to either an OR gate or a NOR gate. The  conductor 33. The
output 47C of AND 20 clock input C of input enable latch 22A is gate 47A is
connected to an input of write 85 connected to control conductor 28 which
gate 41. The complementary (Q) output has an input enable signal IEN
applied  47D of result register 48 is coupled by means thereto. Control
conductor 28 is one of the  of an inverter to conductor 48A, which group of
output conductors 26 of control makes the result available as an external
25 logic unit 24, and corresponds to the signal output. Q output 47D is
also connected to 90 obtained when the IEN (input enable) in- an input of
AND gate 47B, which has its struction is decoded. Instruction register
other input connected to STOC conductor 22 has its four inputs generally
designated  32. The output of AND gate 47B is con- by 12 and by the letters
[err], and [err] nected to conductor 47C. AND gates 47A 30 which in
combination designate a four bit and 47B cooperate with signals on conduc-
95 instruction code or op code.           tors 33 and 32 to enter either
the contents One preferred embodiment of the con- of result register 48 or
the complement trol unit of Fig. 1 is shown in Figs. 2a to 2f. thereof into
the input 47C of write gate 41. For this preferred embodiment, instruction
Conductors 30 and 31, which are also 35 register 22 latches the four bit
instruction coupled to outputs of control logic 24, 100 code into itself
upon a falling edge of. the  generate signals called FLAG 0 and FLAG clock
signal X1 on conductor 16. Clock  F in response to execution of the two "no
signal on X1 is generated by internal oscil- op", or "no operation",
instructions de- lator 36, which presents internal clock sig- scribed
subsequently. 40 nals to the circuitry of industrial control   Write gate
41 feeds back either the Q or 105 unit 10 and also provides an external
signal Q output of result register 48 to the data on conductor 16 to
provide synchronization  conductor 14, conditioned on the write sig- with
circuitry external to control unit 10, as nal (on conductor 42A) which is
derived explained later.                      from write gates 45, 46.
Thus, it is seen 45   The outputs of instruction register 22 are  that the
result of the logic operation of 110 connected to the inputs of control
logic logic unit 49 can be externally produced on unit 24, which consists
of logic circuitry  either conductor 48A or on data conductor which
generates various timing signals and  14 if a store (STO) or store
complement control signals on conductors generally  (STOC) instruction is
executed and a write 50 designated by 26 needed to effect overall signal is
present. Output enable latch 43 115 operation from the circuitry in Fig. 1
in re- has its D input connected to data conduc- sponse to each of the 16
instructions which  tor 14 and its clock input connected to control unit 10
is capable of executing, de- OEN conductor 34. Its output is connected
scribed subsequently. The signals IEN (in- to one input of AND-type gate
45, the other 5.5 put enable) on conductor 28, OEN (output input of which
is connected to the output of 120 enable) on- conductor 34, JMP (ump) on
OR-type gate 46. STO conductor 33 and conductor 51, RTN (return) on
conductor STOC conductor 32 are connected to the 52, STO (store) on
conductor 33, and STOC  two inputs of OR gate 46. The output of (store
complement) on conductor 32 are all AND gate 45 is connected to write
conduc- 60 signals which are generated by control unit tor 42, thereby
providing an  external write 125 24 in response to decoding of correspond-
signal in response to execution of an STO ing instructions by instruction
register 22. or STOC instruction when a logic "1" level Other control
signals generated by control is present on line 44. logic 24 appear in
Figs. 2a to 2f.      Instruction register 22, oscillator 36 and 



65   Hysteresis circuit 37 has an input conduc- 'hysteresis circuit 37 of
Fig. 1 are shown in 130    4                              1,574,540
4 more detail in Fig 2a.Control logic 24 is        struction can be readily
delected by simply partly shown in Fig 2c.partly in Fig 2e and
substituting one of the no op instructions partly in Fig 2f.The logic unit
45 and the       for it.The instruction decorder will inter- result
register  48 are shown in Figs 2b and     pret the all "0" 's or all "1" 's
code as an 5   2c.Input enable latch 22A and associated     unprogrammed
location .Provision for circuitry are shown in Fig 2f.A more pre-
both the LDA and LDAC signals provide cise implementation  of the write
circuitry is   the capability of readily accommodating also shown in Fig
21.The portion of con-         both pasitive and negative logic.Instruc-
trol logic 24 which generates  the JMP sig-      tions C ,D and E  are
utilized to nals  is shown in Fig.2e. One skilled in the
effectoperation of subroutines and to  75 art would have no difficulty at
all in pro-      effect  operation of an industrial con- 15  ducing a
working version of control unit 10  trol  unit in a system including other
pro - from the information in Figs  2a to 2f,          cessors. which are
infact representative of an oper-         Figure 3 depicts a minimum
operable sys- able experimental breadboard implementa-         tem  100
utilizing the industrial control unit  80 tion of control unit 10.
of Figure 1 .This system 100 could readily The following table is a list of
the 16 in-      be expanded to perform the same function structions which
the control logic and in -      as  expensive industrial controllers
presently struction decoding circuitry 24 is capable of    implemented
utilizing relay ladder net- executing.
works  and at a far lower cost and far   85 greater speed of operation than
such relay systems .One-bit control unit 10A could be the same as the
control unit 10 of Fig 1 .Program counter (PC) 101 is a conventional
resettable counter.Such  90 counters are widely utilized and need not be
detailed here in .The XI output of control unit 10A is utilized as a clock
to program counter 101.The outputs 104 of program counter 101 are coupled
directly to the ad-  95 dress inputs of a ROM,which could be electrically
proigrammable and which is ar- ranged as four bits by 256 words.The least
ICU INSTRUCTIONS                                   significant bit is
connected to XI conducter  100 25      [err]    NOP        R<-R   and FLAG
[err]   101.Bit lines 12A,12B,12C and 12D =1
are connected  to the instruction code  inputs 1    LDA         R<-D
[err] of the control unit 10A.The 2    LDAC        R<-D
operation is such  that on the rising edges of 3    AND         R<-R.D
the clock signal  XI the 4 bit lines produce 105 4    ANDC        R<-R+D
an instruction which is latched into the 5    OR          R<-R+D
instruction register and is subsequently in de- 6    ORC         R<-R+D 7
XNOR        R<-1 if R=D 8    STO         D<-R and W=1 9    STOC        D<-R
and W =1 A    IEN         IEN<-D B    OEN         OEN<-D C    JMP
JMP 1 D    RTN         RTN 1 E    SKZ         Skip Next if R =0 F    NOP
R<-R and FLAG F The computing power of the industrial            coded to
execut the particular instruction, control unit is largely based on
instruction      Three of the bit lines from  read only mem- 45 1-7.
Instructions  1-7 can be utilized to        ory 105 are also connected to
the address     110 program the ICU (industial coutrol unit-
inputs of addressable  output latches 107 and the term  "industrial" is
used because the        addressable   input  latches 108. RST is con-
control unit of Fig. 1 is  aimed largely at the    nected to comtrol unit
l0A, program coun, industrial control market) system in Fig. 3       ter
101 OR gate 106, nad to output latch 50  in the same manner and using the
same  .         107 by conductor 20A    Resistor 102 is in 115 steps as a
conventional relay syatem per-          seris with, capacitor 103  between
conduc- 



forming the same function.:Instructions 8          tor 16A and ground.
Node. 16B formed and 9 may be utilized to proram the con,-          by
resistor 102 and capacitor 103 is connec- trol unit to write information
into external        ted  to X. Addressable 4 X 256 bit ROMs I/O
(input/output)circuitry or memory cir-           are widely avaiable
throughout the indus- 120 cuitry. The "no op" instructions [err] and F
try and need not be detailed. Addressable can be utilized to generate the
FLAG [err]         latches such as 107 and 108 are also readily and FLAG F
signals which can be utilized            implementable by those skilled in
the  art by the programmer to perform various tasks          and are
available as Motorola (Registered 60 in the system. An example would be to
Trade (Mark) standard parts MC14512  125 provide a timing signal fot an
oscilloscope          presently available to the  public and the or a
pilotter Another purpose for the no            108 respectively are both
connected to bi- op instructions is for the case when elec-
MC14099 and MC14599 ,which will soon be trically programmmable ROMs are
utilized             available publicly.The data input and data 65 to store
the instruction program.An in-             output of addressable latch
circuits 107 and 130    5                                 1,574,540
directional data conductor 14A which is. vices which are widely known and
utilized connected to the data input-output terminal in the industry and,
need not be described in of control unit 10A. The write output 42A  detail.
Microprocessors are also widely of control unit 1OA is connected to the
dis-  known in -the industry. For example, the. 5 able input (DIS) of
addressable latch 108  Motorola (Registered Trade Mark)- MC- ?0 and is
coupled by means of OR gate 106  6800, the Fairchild (Registered
TradeMark): to a write data input (WD) of addressable  F8, or the Intel
(Registered Trade Mark) output late hcircuit 107. Addressable latch  8080
are exemplary. A complete schematic circuit 107 includes eight output
latches  of the Motorola (Registered Trade Mark) 10 each having outputs
generally designated by  MC6800 is described in U.S.' Patent No. 75 110.
Addressable latch 108 includes 8 input 3,962,682. Interface adaptor
circuitry 207 latches having input conductors generally  can include
Motorola (Registered Trade designated by 109. Input/output circuitry  Mark)
MC6820 peripheral interface adap- could readily be implemented on a single
tor disclosed in detail in U.S. patent-no 15 integrated circuit chip which
would com-  3,979,730 A suitable random access mem-  80 bine latches 107
and 108 into a single part ory would be the MCM6810 and a'suitable of
bidirectional data input/output conduc-  read only memory would be the
Motorola tors. The number of bits could be extended  (Registered Trade
Mark) MCM6830 for in- from & to 16, thereby making use of all elusion in
memory block 204. The per- 20 four bit line outputs of ROM 105.
ipheral data bus 214 interfaces with adap- 85 Of course, ROM 105 could be
expanded  tors in block 207. A dual port RAM is de- to any desired size and
any desired number  scribed in detail suitable to enable one of of bits.
Only four of the bits, of course, ordinary skill in the art to implement
block would be utilized to provide the' address  201 in U.S. Patent No.
4,125,877. 25 code during the first portion of each ma-   A dual port
random access memory pro- 90 chine cycle, but during a second portion of
vides independent accessing means for ac- each machine cycle an address of
any de- cessing each storage cell so that, for ex- sired length could be
utilized to input/out-  ample, a particular storage location can be put
circuitry of any desired number of bits. independently read at the same
time or 30   The operation of the input/output cir- different times by two
different processors. 95 cuitry is such that the input/output line of
Either processor can write information into the addressed input/output
latch is coupled  a particular location independently of the to data
conductor 14A and all unaddressed  other. Consequently, a dual port RAM
input or output latches remain isolated from  has two address buses and two
data buses 35 data conductor 14A. Thus, the control unit associated
therewith. In Fig. 4 the first 100 1OA  in combination with the program
address bus associated with dual port RAM counter 101 and a predetermined
instruc- 201 is 209, designated ABI, which is con- tion program in ROM 105
can be utilized to  nected to program counter 203. A program provide any
desired sequence of control out- which controls control unit 202 is stored
in 40 put. signals (for a write operation), or input dual port RAM 201, and
the addresses of 105 signals (for a read, operation) which may be  the
program instruction to be executed by utilized to, for example, control an
indus- control unit 202 are generated by the pro- trial machine,
manufacturing sequence, etc. gram counter 203, which is incremented by Fig.
4 illustrates another application of an  means of the clock signal X1
generated by .45 industrial control unit such as is shown in  control unit
202. The first data bus DB1 110 Fig. 1. Control unit 202 could be the same
associated with the dual port RAM 201 is .as control unit 10 in Fig. 1, and
program  designated by 211 and conducts the four bit 



counter 203 could be essentially the same  instruction code on conductors
215 during as is shown in Fig. 3, and I/O circuitry 205  the first portion
of each machine cycle and 50 could be the same as shown in Fig. 3 as 107
then conducts addresses to select one of the 115 and 108. A manufacturing
system which  input/ output conductors 213 coupling I/O has a: lot of
apparatus such as electro- addressable latches 205 to manufacturing
mechanical handling devices, precision fur- system 208 during the later
portion of each naces, mixing processes, etc. is designated  machine
cycle.: 55 generally by 208. A plurality of inputs and    According to the
invention, the micro- 120 outputs coupling the manufacturing system
processor system 200 including 206, 204, to I/O. circuitry 205 is generally
indicated  and 207 can access the same locations of by 213. Additionally,
Fig. 4 discloses a  dual port. RAM 201 that controller unit 202 dual-port
random  access memory 201, a  can. Accordingly, the second address bus 60
memory 204, a microprocessor 206, and  associated with dual port RAM 201 is
AB2, 125 interface adaptor circuitry 207. In system  designated 210, and
the second data bus as- 200, conductors 216 and 217 couple signals sociated
with dual port RAM 201- is DB2, between control unit 202 and I/O 205.
designated 212. DB2 is coupled to inter- Memory 204.. can include both read
only  face adaptor circuitry 207, memory 204, and 65 memory and random
access memory de- microprocessor 206 in the fashion describe4 130
1,574,540                                     6 in detail in U.s. Patent
No. 4,004,283.  could merely interrupt microprocessor 506 Thus, the system
shown in Fig. 4 could oper- whenever it needs to have control of the ate so
that various aspects of operation of  address bus or the data bus. It
should' be a manufacturing system 208 could be con-  noted that control
unit 503 does not use '5 trolled by control unit 202 in accordance  data
bus 511 as a data bus at all, but rather 70 with instructions in dual port
RAM  201. utilizes it to deliver the instruction code to Other aspects of
the operation of manufac-  it and to deliver the addresses of the desired
turing system 208 which require precision  I/O latches in 502. All data
transfer as- and complex computations can be handled  sociated with control
unit 503 takes place 10 by the system including microprocessor 206, via the
single bidirectional data conductor 75 memory. 204, and interface adaptor
circuitry  509 207, and modifications to the program being   Conductor 510
carries the write signal executed by control unit 202 could be made  from
control unit 503 to I/O 502. Bus 508 by the second microprocessor system as
a  carries signals between 1/O 502 and manu- 15 result of computations made
by the second  facturing system 501. Bus 512 carries sig- 80 system.
Further, the second microproces-  nals between system  501 and interface
sor system may be programmed so as to  adapter (IA) 507. Address bus 514
and generate additional instructions to be exe-  data bus 511 carry signals
between memory cuted by control unit 202 or to replace in-  505 and other
units within system  500. 20 structions initially in the program or. sub-
Conductor 513 carries input [err],  to pro- 85 program being executed by
control unit 202. gram counter 504, control unit 503, mem- It is also
possible for control unit 202 to  ory 505, and microprocessor 506. generate
the. interrupt signals by. means of    Finally, Figure 6 discloses an
integrated the jump (JMP) instruction or the FLAG   system  wherein. a
byte-oriented processor 25 0 or FLAG F "no op" instructions, which  401,
which has a multi-bit internal bus 90 could also be utilized to interrupt
the second  structure which conducts data one-byte at microprocessor system
and request it to  a time, and a one-bit control subsystem'in- execute a
subroutine or perform some oper-  cluding components such as those shown in
ation on the basis of the results of the exe- Figures I and 3 and I/O
circuitry 402 which 30 cution of that subroutine and then return  includes
circuitry such as the interface  95 control to the control unit 202.
adaptors described in patent 3,979,730 and Fig. 5 illustrates the basic
concept in  other conventional input/output buffer cir- which in a system
300 an ICU system 301  cuitry all in a single integrated circuit chip
generates an interrupt signal on one of its  400.  Processor 401 includes a
memory 35 output conductors which acts as an.input to  block 404 which
includes registers, ac- 100 a priority interrupt . controller 302 which
cumulators, and/or random access memory generates an interrupt request
signal IRQ   cells which are addressable by one-bit con- which interrupts
the microprocessor system  trol unit 403 by means of address bus 406 303. A
priority interrupt controller can be  and which can be written into or read
out 40 implemented by one skilled in the art. For  of by means of data bus
407. The oper- 105 example,  Motorola  (Registered  Trade  ation, then, is
such that the one-bit control Mark) priority interrupt controller, 'the
unit 403 is capable of performing "bit man- MC8507, could be utilized.
ipulation" on registers and memory of pro- 



A similar interaction between a one-bit  cessor 401. For example, a single
bit in the 45 control unit and a byte-oriented micropro-  accumulator of
processor 401 can be ac- 110 cessor system can be achieved without utiliz-
cessed and modified in one machine cycle ing dual port memory, as indicated
in Fig.  by control unit 403 in response to infor- 7. The main difference
in the system 500  mation received by control unit 403 from of Fig. 7 from
the system 200 of Fig. 4 is  I/O circuitry 402 Similarly, information 50
that both the one-bit non-arithmetic con- in one bit of a particular
register of proces- 115 trol unit and the byte-oriented microproces-  sor
401 could be accessed and read by con- sor share data bus 511 (or at least
some of  trol unit 403 and written into I/O circuitry the conductors
thereof) and adress bus 514  402 and provided as an on/off signal on a
(again, at least some of the conductors  single conductor emanating from
I/O cir- -55 thereof, but not necessarily all of them).  cuitry 402 to an
external device, such as a 120 If the system 500 of Fig. 7 is utilized,
then  light switch. Bus 409 carries signals be- there needs to' be a way of
avoiding the  tween control unit 403 and I/O circuitry. problem of having
both processors trying to  402. Data bus 405 and address bus. 408 use the
same bus at the same time.. This  serve as the interface between processor
401 60 objective can be achieved by means of cir-  and I/O circuitry 402. .
125 cuitry which, for example, permits control   The I/O circuitry 402 is
addressable by unit 503 to "steal" cycles from the micro-  either processor
401 or one-bit control unit processor 506. Generally, a microproces-  403.
sor 506 would execute far more instructions    WHAT WE CLAIM IS:- 65 than
the control unit 503. Control 503   1. A  one-bit digital control unit for
130    6                                        1,574,540
6 in detail in U.S. Patent No. 4,004,283.  could merely interrupt
microprocessor 506 Thus, the system shown in Fig. 4 could oper- whenever it
needs to have control of the ate so that various aspects of operation of
address bus or the data bus. It should be a manufacturing system 208 could
be con- noted that control unit 503 does not use 5 trolled by control unit
202 in accordance  data bus 511 as a data bus at all, but rather 70 with
instructions in dual port RAM  201. utilizes it to deliver the instruction
code to Other aspects of the operation of manufac-  it and to deliver the
addresses of the desired turing system 208 which require precision  I/O
latches in 502. All data transfer as- and complex computations can be
handled  sociated with control unit 503 takes place 10 by the system
including microprocessor 206, via the single bidirectional data conductor
75 memory 204, and interface adaptor circuitry  509. 207, and modifications
to the program being    Conductor 510 carries the write signal executed by
control unit 202 could be made  from control unit 503 to I/O 502. Bus 508
by the second microprocessor system as a  carries signals between I/O 502
and manu- 15 result of computations made by the second  facturing system
501. Bus 512 carries sig- 80 system. Further, the second microproces- nals
between system  501 and interface sor system may be programmed so as to
adapter (IA) 507. Address bus 514 and generate additional instructions to
be exe- data bus 511 carry signals between memory cuted by control unit 202
or to replace in- 505 and other units within system  500. 20 structions
initially in the program or sub- Conductor 513 carries input [err] to pro-
85 program being executed by control unit 202. gram counter 504, control
unit 503, mem- It is also possible for control unit 202 to  ory 505, and
microprocessor 506. generate the interrupt signals by means of   Finally,
Figure 6 discloses an integrated the jump (JMP) instruction or the FLAG
system wherein a byte-oriented processor 25 0 or FLAG F "no op"
instructions, which  401, which has a multi-bit internal bus 90 could also
be utilized to interrupt the second  structure which conducts data one-byte
at microprocessor system  and request it to  a time, and a one-bit control
subsystem in- execute a subroutine or perform some oper- cluding components
such as those shown in ation on the basis of the results of the exe-
Figures 1 and 3 and I/O circuitry 402 which 30 cution of that subroutine
and then return  includes circuitry such as the interface 95 control to the
control unit 202.         adaptors described in patent 3,979,730 and Fig. 5
illustrates the basic concept in  other conventional input/output buffer
cir- which in a system 300 an ICU system 301  cuitry all in a single
integrated circuit chip generates an interrupt signal on one of its  400.
Processor 401 includes a memory 35 output conductors which acts as an input
to  block 404 which includes registers, ac- 100 a priority interrupt
controller 302 which  cumulators, and/or random access memory generates an
interrupt request signal IRQ  cells which are addressable by one-bit con-
which interrupts the microprocessor system  trol unit 403 by means of
address bus 406 303. A priority interrupt controller can be  and which can
be written into or read out 



40 implemented by one skilled in the art. For  of by means of data bus 407.
The oper- 105 example,  Motorola  (Registered  Trade  ation, then, is such
that the one-bit control Mark) priority interrupt controller, the  unit 403
is capable of performing "bit man- MC8507, could be utilized.
ipulation" on registers and memory of pro- A similar interaction between a
one-bit  cessor 401. For example, a single bit in the 45 control unit and a
byte-oriented micropro-  accumulator of processor 401 can be ac- 110 cessor
system can be achieved without utiliz-  cessed and modified in one machine
cycle ing dual port memory, as indicated in Fig.  by control unit 403 in
response to infor- 7. The main difference in the system 500  mation
received by control unit 403 from of Fig. 7 from the system 200 of Fig. 4
is  I/O circuitry 402 Similarly, information 50 that both the one-bit
non-arithmetic con-  in one bit of a particular register of proces- 115
trol unit and the byte-oriented microproces-  sor 401 could be accessed and
read by con- sor share data bus 511 (or at least some of  trol unit 403 and
written into I/O circuitry the conductors thereof) and adress bus 514  402
and provided as an on/off signal on a (again, at least some of the
conductors  single conductor emanating from I/O cir- 55 thereof, but not
necessarily all of them).  cuitry 402 to an external device, such as a 120
If the system 500 of Fig. 7 is utilized, then  light switch. Bus 409
carries signals be- there needs to be a way of avoiding the  tween control
unit 403 and I/O circuitry problem of having both processors trying to
402. Data bus 405 and address bus 408 use the same bus at the same time.
This  serve as the interface between processor 401 60 objective can be
achieved by means of cir-  and I/O circuitry 402.               125 cuitry
which, for example, permits control   The I/O circuitry 402 is addressable
by unit 503 to "steal" cycles from the micro-  either processor 401 or
one-bit control unit processor 506. Generally, a microproces-  403. sor 506
would execute far more instructions    WHAT WE CLAIM IS: - 65 than the
control unit 503. Control 503    1. A  one-bit digital control unit for 130
.                                   1,574,540 executing any one of a
plurality of non- response to decoding of said no-operation arithmetic
instructions comprising: a single  instruction by said decode means data
conductor means for conducting data    7. A' one-bit digital control -unit
as to and from said digital control unit; in- claimed in Claim I wherein
said non-arith- 5 struction decode means for receiving and  metic logic
operation includes a logical 70 decoding said instructions and producing
ANDing operation and also a' logical in- control signals for effecting
execution of verting operation. said instructions; storage means for
storing    8. A  one-bit. digital control unit as intermediate result
information; logic means  claimed in Claim 1 wherein said non-arith- 10
responsive to said instruction decode means  metic logic operations include
a logical OR- 75 said logic means coupled to said data con- ing operation
and also a logical Exclusive' ductor means and to said storage means for
ORing operation. performing non-arithmetic logic operations   9. A  one-bit
digital control unit as on data received from said data conductor  claimed
in Claim 1 wherein said non-arith- 15 means and 'from said storage means
and  metic instructions include load, load com- 80 causing  an output from
said logic means  plement, AND, AND complement, OR, OR which is to be
stored in said storage means. complement, Exclusive NOR, store, and 2. A
one-bit digital control unit as store complement instructions. claimed in
Claim 1 further including oscil-   10. A  one-bit digital control unit as
20 lator means coupled to said instruction de- claimed in Claim  1 further
including: an  85 code means and said logic means for gen- enable conductor
for conducting an output erating a clock signal to effect operation of
enable signal into said one-bit digital con- said instruction decode means
and said logic  trol unit, output enable storage means re- means, said
oscillator means also producing  sponsive to said output enable signal,
said 25 an output signal at an output of said one- output enable storage
means being coupled  90 bit digital control unit for - synchronising to
said data conductor means for condition- other units external from said
one-bit digital ally storing data conducted by said data control unit which
may be used to form a conductor means; gating means responsive system
having said one-bit digital control to said output enable storage means,
said 30 unit.                                    gating means being coupled
to said instruc- 95 3. A  one-bit digital control unit as tion decode means
for providing a write claimed in Claim 1 further comprising: an  signal in
response to a decoded store in- enable input for conducting an input enable
struction provided by said instruction de- signal; second storage means
responsive to  code means. 35 said input enable signal, said second stor-
11. A one-bit digital control unit for 100 



age means being coupled to said data con- executing a plurality of
instructions com- ductor means for conditionally storing data  prising: a
single data conductor means for conducted by said data conductor means;
conducting data to and from said digital gating means coupled to said
second storage  control unit; a plurality of instruction input 40 means, to
said data conductor means, and  conductors for conducting any one of a 105
to said logic means for conditionally enabl- plurality of digital codes
each representa- ing transfer of information from said data  tive,
respectively, of said instructions to said conductor means to said logic
means when  dgital control unit; instruction  decode said gating means is
conditioned by said  means responsive to said digital codes, said 45 second
storage means.                    instruction decode means being coupled to
110 4. A  one-bit digital control unit as  said instruction input
conductors for decod- claimed in Claim 1 further including means  ing said
one of said digital codes and pro- coupled to said instruction decode means
ducing a decoder output signal correspond- for producing an output control
signal in  ing to a decoded one of said instructions; 50 response to a
particular instruction code  control means responsive to said decoder 115
received by said instruction decode means, output signal for producing a
plurality of the output control signal being to control a  control signals
for effecting execution of function external to said one-bit digital con-
said decoded one of said instructions; logic trol unit.
means having first and second inputs and 55   5. A  one-bit digital control
unit as  an output, said logic means being responsive 120 claimed in Claim
4 wherein said output con- to said control signals, said logic means trol
signal represents a jump instruction to  being coupled to said data
conductor means a memory unit external from said one-bit for effecting
performance of a selected one digital control unit so that the memory unit
of the plurality of instructions and for pro- 60  can perform a jump
operation.           ducing an output signal at said output, said 125 6. A
one-bit digital control unit as plurality of instructions including at
least claimed in Claim  1 wherein one of said  an AND-type function but not
including non-arithmetic instructions is a no-oper- any arithmetic-type
functions, storage out- ation instruction, wherein no logical oper- put
means responsive to said control means 65  ation is performed by said logic
means in  and coupled to said output of said logic 130    1,574,540 means
and to said second input, said stor-  coupled to aid dat terminal for
effecting age output means- being for storing infor-  performance of one of
a plurality of logical mation representative of said output of said
functions on data signals on said first and logic means, means responsive
to said. stor   second inputs  and for producing a cores- 5. age output
means. for selectively coupling an  poding result signal at said output,
said output of said storage output means to said  plurality of logical
functions including an. first input of said logic means.           AND-type
function  and  a   invert-type 12. A  one bit digital control unit for
function, but not including any arithmetic- executing: a plurality of
instructions com-  type function, result stotage means respon- 10, prising:
a single. data terminal for conduct-  sive to said control means and
coupled to. 35 ing data to and from  said digital control  said output and
to said second input for unit; a plurality of instruction input conduc-
storing information representative of said tors; instruction decode means
responsive to  result signal; means responsive to said result digital code
signals said instruction decode . storage means for selectively coupling an
15 means  being coupled to said plurality of  output of said result storage
means to said. 40 instruction input conductors for decoding  first input.
an instruction code and producing a de-    13.  A digital data processing
device sub- coder output signal corresponding to..a de-  stantially as
hereinbefore described and as coded instruction; control means responsive
shown in the accompanying Figs. 20  to said decoder output signal for
producing a plurality of control signals for effecting           For the
Applicants: execution of said decoded instruction; logic   F. J. CLEVELAND&
COMPANY, means having first and second inputs and an          Chartered
Patent- Agents. output, said logic means being responsive to          4043
Chancery Lane, 25  said control signals, said logic means being
London, W.C2. Printed for Her Majesty's Stationery Office by Burgess& Son
(Abingdon)Ltd-1980 Published at The Patent Office, 25 Southampton Building,
London, WC2A lAY, fom which copies may be obtained.    


