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(57) ABSTRACT 

A programmable device is useful for high speed operation or 
as a process controller or as a component for implementing 

PLD or FPGA applications. The programmable device 
includes programmable logic hardWare having a plurality of 
basic logic elements and electrically con?gurable intercon 
nections. The interconnections are con?gurable to intercon 

nect the logic elements as a user control program circuit and 

to connect the user control program circuit to input and 

output interfaces. When con?gured, the device contains a 
user program circuit interfaced to a control circuit. The 

control circuit operates synchronously With the user program 
circuit. The control circuit is able to communicate With a 

monitoring computer to respond to commands, operate 
When commanded to cause the user program circuit to run, 

or pause, or single step, read data values from said state data 
storage units, and Write data values to said state data storage 
units. 
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library IEEE; 
use IEEE . STD_LOGIC_1 1 64 .ALL; 

-— User Program Manager State Machine 
—— Copyright (C) Derek Ward," 2004 
ENTITY UPM IS 

I PORT ( 

Break, 
RunModel-lalted, 
SingleCycle, ‘ 

DisableOpsInPauseMode, 
RequestMonitor, 
Clock, 
Clear, 
CommandWaiting 

, IN STD_LOGIC; 

UPCEnable, 
PreloadEnable, 
HaltRunMode, 
ShiftChainEnable, 
PauseModeOpDisable, 
MonitorServiceRunning, 
PostRunClockEnable : OUT STD_LOGIC; 

CurrentState : OUT STD_LOGIC_VECTOR(3 downto 
) : - 

END UPM; 

ARCHITECTURE Behavioral OF (1PM IS 

TYPE STATE__TYPE IS ‘ 
( 

SIGNAL Statie 
BEGIN 

InitState, 
WaitForCommand, 
Preload, ' 

RunState, 
PauseState 

); - > 

' STATE_TYPE := InitState; 

PROCESS (Clock) 
BEGIN 

IF (Clock'EVEN'l‘ AND Clock = ‘ 1 ') THEN 
IF Clear = '1‘ THEN 

State <= InitState; , 

ShiftChainEnable <= '0', 
PauseModeOpDisable <= '0 '; 
MonitorServiceRunning <= '0‘ , 
PostRunClockEnable <= '0 ‘ : 

ELSE 
CASE State IS 
WHEN InitState => 

ShiftChainEnable <= '0'; 
PauseModeOpDisable <= '0 '; 
MonitorServiceRunning <= '0'; 
PostRunClockEnable <= '0 '; 
IF RequestMonitor v '1 ' THEN ‘ 

MonitorServiceRunning <= '1 ' ; 

State <= WaitForCommand; 
-— Wait until the MC wants Monitor serv 
—— accept, vand go to await command comp 

END IF; 
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——Determine Command and start it 
WHEN WaitForCommand => ' 

PostRunClockEnable <= '0 ' ; 
IE‘ CommandWaiting = '1' THEN 

-— Insert States for command servicing below. 
—- Do command and return to this state ‘ 

-- ShiftChainEnable is used in command servicing states 
ELSIF RequestMonitor = '0' THEN ' 

—- if command servicing done and released 
MonitorServiceRunning <= '0' ; - 

State <= Preload; 
END IF; 

WHEN Preload => 
IF RunModeHalted == ‘1' THEN - 

State <= PauseState: 
IF DisableOpsInPauseMode == '1‘ THEN 

PauseModeOpDisable <- ‘l' ; 
ELSE 
‘ PauseModeOpDisable <= ' 0' ; 

END IF; 
ELSE 

State <= RunState; 
PauseModeOpDisable <= '0' ; 

END IF; 

WHEN RunState ==> 
--- Run the program scan. 

IE‘ Break = '1 ' 0R SingleCycle = '1' THEN 

-- set HaltRunMode and reset SingleCycle 
—- in Control Register ' 

PostRunClockEnable <— ‘1' ; 
State <— PauseState; ‘ 

IF DisableOpsInPauseMode = '1' THEN 
‘ PauseModeOpDisable <= '1' ; 

ELSE 
PauseModeOpDisable <= ‘ 0' ; 

END IF; 
ELSE 

IF RequestMonitor = '1 ' THEN 

-— if the PC wants a monitor scan, accept 
—— and go to await completion 
PostRunClockEnable <- '1 ' ; 

MonitorServiceRunning <=l '1' ; 
State <= WaitForCommand; \ 

END IE‘; 
END IF; 

WHEN PauseState => 

—— terminate ‘Set HaltRunMode and Reset SingleCycle' pulse 
PostRunClockEnable <= '0 ' , 

IF RequestMonitor = '1' THEN 

MonitorServiceRunning <= ' 1 ' ; 

State <\= WaitE‘orCommand; 
END IF; 

min CASE; 
END IF; 

“END IF; 
END PROCESS; 
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PROCESS (State, SingleCycle) 
BEGIN- ~ 

—- Generate non-registered outputs 
- CASE State IS - 

WHEN InitState => 
PreloadEnable <= '0' ; “ 

HaltRunMode <= '1' ; ~ 

——' to stop RuhState until monitor says run. 
UPCEnable <= '0'; 
CurrentState <== "0000"; 

WHEN WaitForCommand => 
PreloadEnable <=- ‘0' ; 
HaltRunMode <= '0' , 

UPCEnable <= '0‘; 
CurrentState <1? "0001"; 

WHEN Preload -> 
PreloadEnable <9 '1' ; 
HaltRunMode <- '0‘ ; 
UPCEhable <-= '0'; 
CurrentState _ <= "0010"; 

WHEN RunState => 

' PreloadEnable <= '0'; 

IF SinglaCycle §= '1" THEN 
HaltRunMode <= ' 1'; 

ELSE 
HaltRunMode <- '0 ': 

END IF; 
UPCEnable <= ' 1 '; 

CurrentState <= "0011"; 
WHEN PauseState__=> 

PreloadEngble <= '0' , 
HaItRunMOde- <= '1‘ , 

UPCEnable <= '0'; 
CurrentState <= "0100"; 

END CASE; ‘ 

END PROCESS; 

END Behavioral: 
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PROGRAMMABLE LOGIC CONTROLLER AND 
RELATED ELECTRONIC DEVICES 

BACKGROUND TO THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to programmable 
devices and related electronic devices. 

[0003] 2. Summary of the Prior Art 

[0004] In our previous patent, exempli?ed by GB 2371633 
published 31 Jul. 2002, I described methods and means that 
enabled the design of a programmable controller to be based 
on programmable logic device technology and in which the 
user program is implemented as a physical circuit in a 
programmable logic device. Some particular advantages of 
such a design are those of high speed operation of the user 
program and ?exibility in terms of the functionality that the 
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user may select to include in their program. Such function 
ality being for instance the type that a microprocessor based 
programmable controller would provide in the form of 
add-on dedicated hardware; for example, multiple fast 
counters, positioning servos or motor controllers. A micro 
processor based programmable controller does not have the 
processor power to support such functionality directly, but 
the programmable logic device programmable controller can 
do so because it con?gures its circuits as required in real 
physical logic. 

[0005] This application describes further improvements 
and adaptations related to the use of programmable logic 
device based programmable controller technology for con 
trol of fast electronic and electrical circuits and for devel 
oping the program circuits that are con?gured in the pro 
grammable logic devices used. 

De?nitions 

programmable logic The term is used in two ways, ?rstly as a term describing a type or class of 
device (PLD) electronic device, and secondly when referred to in de?nite terms (using “the” or 

similar), it is used to distinguish the component used in our invention to 
implement the user program circuit from other components in the invention. 
In the ?rst sense, the term programmable logic device (PLD) is used to mean any 
electronic device or system capable of having a circuit con?guration loaded into 
it and thereby being user programmed with a logic circuit implemented and 
operating as a physical circuit. Our usage of the term programmable logic device 
(PLD) is broader than general industry usage, but does not include computer 
software emulation of a circuit, or assembly of a circuit by physically placing and 
connecting components. 

PLDPC A Programmable Logic Device Programmable Controller. Particularly a 
programmable controller of the general type described in GB 2371633 and used 
for either controlling plant, machinery, electrical or electronic equipment, or as a 
design, development and debugging platform for utilizing PLDs such as FPGAs 
or CPLDs. 

FPGA Field Programmable Gate Array. A type of programmable logic device (PLD). 
An FPGA is used to provide the programmable logic device (PLD) in the 
preferred embodiment. 

CPLD Complex Programmable Logic Device A type of programmable logic device 
(PLD). 
Reference can be made to CPLDs and FPGAs from Xilinx, Inc* and other 
manufacturers to clarify the nature of the devices. Examples of applicable devices 
are Xilinx XC2C256 and XC2S200E devices respectively. 

?ash memory (PM) A memory device that retains its data when power is lost. 
monitoring 
computer (MC) 
communications 
circuit (CC) 
phase locked loop 

The computer or other device by which the user controls the PLDPC. 

Microprocessor or other circuit that facilitates communications between the 
monitoring computer (MC) and PLDPC. 
A circuit used in the synthesis and synchronization of signals of a particular 

(PLL) frequency. 
voltage monitor and A standard device that generates system reset levels dependent on the level of the 
reset generator 

(V MRG) 
supply voltage. 

UO Input/Output. Particularly relating to signals or connections to a device or circuit 
from other external devices or circuits. 

user program 

framework (UPF) 
Special circuits normally automatically combined with the user program circuit 
by the PLDPC software and con?gured in the programmable logic device (PLD) 
to support the data access and control functions of the software. 
Under some circumstances, the user program framework (UPF) may also be 
implemented outside of the programmable logic device (PLD) and suitably 
interfaced to it. 

con?guration bit 
pattern (CBP) 

A series of ‘l’s and ‘0’s as used to con?gure a FPGA or CPLD or other 

programmable logic device (PLD). 
user program circuit The circuit de?ned by the user as a way of specifying the functionality required 

(UPC) of the programmed PLDPC, generally entered in schematic form, but may be 
entered in other forms such as a netlist, a ladder diagram, a Hardware Description 
Language listing, etc., if so desired. 
The user program circuit (UPC) is combined with the user program framework 
(UPF) and translated into a con?guration bit pattern (CBP) that is used to 
con?gure the programmable logic device (PLD). 
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-continued 

De?nitions 

forcing 

RAM 
shift chain 

indirectly 
accessible device 

(IAD) 
?xed support circuit 
(FSC) 
?xed circuitry 

user program 

manager (UPM) 
logic processing 
interval (LPI) 
data access interval 

(DAI) 
active clock 
transition (ACT) 

active transition 
interval (ATI) 
peripheral circuits 
monitorable flip 
?op (MFF) 
user circuit enable 

(UCE) 
shift chain enable 

(SCE) 
tap clock enable 
(TCE) 

latching 

UPC component 
library 

preload buffer 

HMI 
SCADA 

The user program circuit (UPC) can be thought of and referred to as both a circuit 
and a program. The user program framework (UPF) is not considered to be part 
of the user program circuit (UPC). In GB 2371633 a user program circuit (UPC) 
is referred to as a Logic Processing Circuit or LPC. 
Forcing is a standard term used With machine control programmable controllers, 
and means the holding of a signal at a de?ned level even When normal circuit 
operation is attempting to drive the signal to a different value. 
Random Access Memory. 
GB 2371633 teaches methods of reading and Writing state data contained Within a 
user program circuit (UPC). One method is to have the flip-flops used in the user 
program circuit (UPC) sWitched into the form of a shift register, or shift chain, 
accessible to the monitoring computer (MC) during the data access interval. 
Other methods are also discussed. 
In this document We Will use the term “shift chain” to refer to all of the methods 
previously taught unless the context precludes such general use. 
A device, such as a RAM, Whose flip-flops cannot be linked directly into the shift 
chain, but that can have an interface circuit linked into the shift chain added to it 
to access its data or interface transactions. 

Fixed circuitry providing support functions for the PLDPC operation. 

Circuits of a ?xed con?guration independent of the usage of the PLDPC as 
opposed to circuits con?gured using programmable logic techniques during 
operation of the PLDPC. 
A state machine in the user program frameWork (UPF) that controls the activities 
and operation of the user program circuit (UPC). 
The slice of time during Which the user program circuit (UPC) operates as the 
circuit speci?ed by the user. 
The slice of time during Which the user program circuit (UPC) exchanges state 
data With the monitoring computer (MC). 
A transition in a clock pulse Waveform that causes a flip-flop to sample its inputs 
and change state as appropriate. The active clock transitions (ACTs) referred to in 
this speci?cation are alWays the positive going edges, but the invention could 
equally Well be implemented using negative edge clocking. 
The interval betWeen any one active clock transition (ACT) and the next. 

The circuits external to and being controlled by the PLDPC. 
A flip-flop used in the user program circuit (UPC) that can be monitored by a 
monitoring computer (MC). 
Signal used to enable monitorable flip-flops (MFFs) to function as user program 
circuit (UPC) flip-flops during logic processing intervals (LPIs). 
Signal used to enable monitorable flip-flops (MFFs) to function as Shift Chain 
flip-flops during data access intervals (DAIs). 
Signal used to enable a flip-flop to sample and store the value of a user circuit 
signal as it exists after the last enabled clock pulse in a logic processing interval 
(LPI), and before the next data access interval (DAI), hence enabling the 
monitoring computer to determine the current value of the signal. The Word 
“tap” is derived from the name of a Signal Tap component in the user library. 
In this speci?cation, the term “latching” means the sampling and storing of an 
input value on a clock edge by an edge triggered flip-flop, and does not refer to 
the transmission of a value While the clock is at one value, and the holding of the 
value While the clock is at the other value. 
The library of components supplied With the PLDPC for use in designing user 
program circuits (UPCs). The components use monitorable flip-flops (MFFs) so 
that the monitoring computer (MC) may read and Write the user program circuit 
(UPC) state data. They may appear to the user as schematic symbols, or in some 
other suitable form. 
A test component, available in the user program circuit (UPC) component library 
that enables the user to control the state of any particular signal at the start of the 
settling period prior to the ?rst active clock transition (ACT) in each logic 
processing interval (LPI), and used for a single step test. 
Human-Machine Interface. An industry standard term 
Supervisory Control and Data Acquisition. An industry standard term 

*All trademarks are acknoWledged as the property of their respective oWners. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide 

[0007] In a ?rst aspect the invention consists in a pro 
grammable device useful for high speed operation or as a 

improvements and/or adaptations related to the use of pro 
grammable logic device based programmable controller 
technology for control of fast electronic and electrical cir 
cuits and/or for developing the program circuits that are 
con?gured in the programmable logic devices used. 

process controller, for Which the item under control may 
consist of plant, machinery, peripheral electrical or elec 
tronic circuits or other automated systems, or useful as a 

component for implementing PLD or FPGA applications, 
said programmable device including: 
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[0008] at least one input interface and an input register for 
connection to the item under control to provide sampled and 
stored input data in digital form, 

[0009] at least one output interface and an output register 
for connection to the item under control to receive and store 
output data in digital form, 

[0010] programmable logic hardWare including a plurality 
of basic logic elements and electrically con?gurable inter 
connections, said interconnections con?gurable to intercon 
nect the logic elements as a user control program circuit and 
to connect the user control program circuit to said input and 
output interfaces, 

[0011] program loading means enabling the user to con 
?gure the programmable logic hardWare With a user program 
circuit prior to commencing control, said user program 
circuit having a plurality of state data storage units storing 
the user program circuit state data, 

[0012] Wherein said programmable device When con?g 
ured contains a user program circuit interfaced to a means of 

control, said means of control operating synchronously With 
the user program circuit, said means of control is able to: 

[0013] communicate With a monitoring computer to 
respond to commands, 

[0014] operate When commanded to cause the user pro 
gram circuit to run, or pause, or single step, 

[0015] 
and 

read data values from said state data storage units, 

[0016] Write data values to said state data storage units. 

[0017] In a further aspect the invention consists in a 
system including a programmable device including: 

[0018] at least one input interface and an input register for 
connection to the item under control to provide sampled and 
stored input data in digital form, 

[0019] at least one output interface and an output register 
for connection to the item under control to receive and store 
output data in digital form, 

[0020] programmable logic hardWare including a plurality 
of basic logic elements and electrically con?gurable inter 
connections, said interconnections con?gurable to intercon 
nect the logic elements as a user control program circuit and 
to connect the user control program circuit to said input and 
output interfaces, 

[0021] program loading means enabling the user to con 
?gure the programmable logic hardWare With a user program 
circuit prior to commencing control, said user program 
circuit having a plurality of state data storage units storing 
the user program circuit state data, 

[0022] Wherein said programmable device When con?g 
ured contains a user program circuit interfaced to a means of 

control, said means of control operating synchronously With 
the user program circuit, said means of control is able to 
communicate With a monitoring computer to respond to 
commands, said means of control is able to operate When 
commanded to cause the user program circuit to run, or 

pause, or single step, said means of control is able to read 
data values from said state data storage units and to Write 
data values to said state data storage units, said means of 
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control is able to pause the user program circuit in response 
to a signal originating in the user program circuit effective 
before the next active clock transition after that giving rise 
to the signal, 

[0023] said means of control being con?gured into the 
programmable logic hardWare together With the user pro 
gram circuit, and Wherein said programmable device has an 
operating cycle of at least tWo non-overlapping sequential 
intervals, each interval consisting of one or more clock 
periods and during Which, 

[0024] Within a ?rst said interval (the logic processing 
interval) an input data register operates to sample and store 
input data, and also the user program circuit operates to 
update its state data and alloW the resultant combinational 
logic values to settle, and also an output data register 
operates to latch and store the output data, and 

[0025] Within a second said interval (the data access 
interval) said means of control is enabled to read and Write 
the user program circuit state data and cause control func 
tions to be performed, and 

[0026] said programmable device includes means for 
selecting the programmable logic hardWare clock frequency 
from a range of values, for the purpose of accommodating 
various user program circuit logic settling times; and 

[0027] a monitoring computer including: 

[0028] means enabling the comparison of a knoWn good 
reference set of user program circuit state data response 
patterns representing correct circuit operation With a test set 
of user program circuit state data response patterns, the test 
set representing actual circuit operation under the same 
circuit initial and stimulus conditions as the said reference 
set, but generated at a different selected clock frequency, 
such that differences in the patterns indicate incorrect circuit 
operation, 

[0029] means for repeating the tests and comparisons 
using different clock frequencies until the maximum alloW 
able clock frequency at Which the user program circuit Will 
operate correctly has been found, 

[0030] said monitoring computer enabling the measure 
ment of the maximum clock frequency at Which the user 
program circuit Will run Without error. 

[0031] In a still further aspect the invention consists in the 
monitoring computer of the system set forth above. 

[0032] In a still further aspect the invention consists in a 
system including a programmable device including: 

[0033] at least one input interface and an input register for 
connection to the item under control to provide sampled and 
stored input data in digital form, 

[0034] at least one output interface and an output register 
for connection to the item under control to receive and store 
output data in digital form, 

[0035] programmable logic hardWare including a plurality 
of basic logic elements and electrically con?gurable inter 
connections, said interconnections con?gurable to intercon 
nect the logic elements as a user control program circuit and 
to connect the user control program circuit to said input and 
output interfaces, 




















































