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1. Introduction



The Programmable Array Logic device, commonly known as the PAL device, was invented at MonolithicMemoriesover 12 years ago.  Theconceptforthisrevolutionarytypeofdevicesprangforth as a simple solution to the shortcomings of discrete TTL logic.

The successfully proven PROM technology which allowed the end user to "write on silicon' provided the technological basis which madethiskindofdevice notonlypossible,butverypopular as well.

The availability of design software made it much easierto design with programmable logic.  As designers wore freed from thedrudgery of low-level implementation issues, new complex designs were easier to implement, and could be completed more quickly.

This chapter outlines some basic information essential to those who are unfamiliar with Programmable Logic devices (PLDs).  The information may also be useful to thosewho are current users of programmable logic.  The specific issues which need to be addressed are:



		( What is a PLD?

		( What other implementations are possible?

		( What advantages do PLDs have over other implementations?



1.1  What is a PLD?



lngeneral, a programmable logic device is acircuit which can be configured by the user to perform a logic function.  Most "standard" PLDs consist of an AND array followed by an OR array, either(orboth)ofwhichisprogrammable. lnputsarefedintothe AND array, which performs the desired AND functions and generates product terms.  The product terms are then fed into the OR array.  In the OR array, the outputs of the various product terms are combined to produce the desired outputs.  There are three fundamental types of standard PLD: the PROM, the PAL device, and the PLS device.

�

PROMs



PROMs are usually thought of as memory elements.  However,the PROM has a fixed AND array (which decodes the memory address) followed by a programmable OR array (Figure10).  For each of a given set of input combinations (addresses), it generates a value which has been programmed into the device.



�

Figure 1. PROM Array Structure

�

PAL Devices



The PAL device has a programmable AND array followed by a fixed OR array (Figure 2).  The fact that the AND array is programmable makes it possible for the devices to have many inputs.  ThefactthattheORarrayisfixedmakesthedevicessmall (which means loss expensive) and fast.



�

Figure 2. PAL Device Array Structure



PLS Devices



The PLS (Programmable Logic-based sequencer) devices are based on the standard PLA architecture (Figure 3), where both the AND and the OR arrays are programmable.  This arrangement allows for greater overall flexibility.  The architecture is a bit more costly'in terms of die size and speed, so for simple logic functions, a PAL device is usually more cost effective.  However, this architecture is very effective for sequencers, where the flexibility allows larger state machines than might fit in a PAL device.



Other PLDs



In addition to the basic sum-of-products PLDS, some more complex PIDs dedicated to sequencing are available, most notably the PROSE@ device and the Am29PL1 41.  Their archilectures are described elsewhere in the handbook, but their f undamental benefits are the same as those of the more traditional PLDs.

In practice, the distinctions between architectures are not as significantasthedifferences betweenthetypesof functionstobe performed.  Forthisreason,thishandbookisorganizedprimarily into discussions about PAL devices and discussions about sequencers, whether those sequencers be implemented in PAL devices, PLS devices, or one of the dedicated sequencers.



1.2  What Other Implementations Are Possible?



There are essentially four alternatives to programmable logic:

		( Discrete Logic

		( Gate Arrays

		( Standard Cell Circuits

		( Full Custom Circuits

�Discrete Logic



Discrete logic, or conventional TTL logic, has the advantage of familiarity; hence its popularity.  It is also quite inexpensive when only unit cost is considered.  The drawback is that the implementation of even a simple portion of a system may require many units of discrete logic.  There are "hidden'costs associated with each Unit that goes into a system, which can render the overall system more expensive.

Designing with discrete chips can also be very tedious.  Each design decision directly affects the layout of the board.  Changes aredifficuittomake.  Thedesignisalsomorediflicufttodocument, making h harder to debug and maintain later.  These items all contribute to a long design cycle when discrete chips are used extensively.



Gate Arrays



Gate arrays have been increasing in popularity.  The attractiveness of this solution lies in the device's flexibility.  By packing the functions into the device, a great majority of the available silicon is actually used.  Since such a device is customized for an application, h would seem to be the optimum device for that application.

However, one also pays substantial development costs, especially in the case of a design which needs changes after silicon has already been processed.  Even though the unit costs are generally quite low for gate arrays, the volumes required to make their use worthwhile excludes them as a solution for many designers.  This fact, added to the long design cycle and high risk involved, make this solution practical for only a limited number of designers.

Standard Cell Circuits standard cell circuits are quite similar to gate arrays, their main advantagebeing thatthey oonsistof acollection of differentparts of circuits which have already been debugged.  These circuits are then assembled and collected to perform the desired functions.  This can ideally lead to reduced turnaround from conception to implementation, and a much more efficient circuit.

The drawback is that even though the individual components of thecircuithavebeeniaidout, acomplete layoutmuststill beperformedtoarrangethecolls. lnsteadofjustcustomizingthemetal interconnections, as is done in a gate array, the circuit must be developed from the bottom up.  Development costs can be even higherthan forgets arrays, and despite the standard cell concept, turnaround timeoftentendstobe longerthan planned.  Again,the volume must be sufficiently high to warrant the development costs.



Full Custom Circuits



Full custom designs requirethat a specificchip bedesigned from scratch to perform the needed f unctions.  The intent is to provide a solution which gives the designer exactly what is needed f or the applicationinquestion;nomoreandnoless. ldeally,notasquare micron of silicon is wasted.  This normally results in the smallest piece of silicon possible tof itthe needs of the design, which in turn reduces the system cost.  Understandably, though, development costs and risks for such a design are extremely high, and volumes must be commensurately high in order for such a solution to be of value.

��

Figure3.  PLAArrayArchitecture



1.3  What Advantages do PLDs Have Over Other Implementations?



As user-programmable somicustom circuits, PLDs provide a valuable compromise which combines many of the benefits of discrete logic with many of the benefits of other somicustom circuits.  The overall advantages can be found in several areas:



		( Ease of design

		( Performance

		( Reliability

		( Cost savings



Ease of Design



Thesupporttools available foruse in designing with PLDsgreatly simplifythe design process by making the lower-level imp;ementation details transparent.  In a matter of one ortwo hours, a first time PLD user can learn to design with a PALdevice, program it, and implement the design in a system.



The design support tools consist of design software and a programmer.  The design software is used in generating the design; the programmer is used to configure the device.  The software provides the link between the higher-level design and the low-level programming details.



All of the available design software packages (of which Monolithic Memories'PALASMCD software is the most widely used) perform essentially the sametasks.  The design is specif ied with relatively high-level constructs; the software takes the design and converts it into a form which the programmer uses to configure the PLD.  Most software packages provide logic simulation, which allows one to debug the design before actually programming a device.  The high-level design file also serves as documentation of the design.  This documentation can be even easier to understand than traditional schematics.



Depending on the capabilities desired, a device programmer can cost anywhere from under $1,000.00 to around $15,000.00 for a high-volume production programmer.  Many PLD users do not find it necessary to purchase a programmer; it is often quite cost effective and convenient to have either the manufacturer or an outsidedistributordotheprogrammingforthem.  Fordesignand prototyping, though, it is very helpful to have a programmer; this allows one to implement designs immediately.

�The convenience of programmable logic lies in the ability to customize a standard, off-the-sholf product.  PLDs can be found in stock to suit a wide range of speed and power requirements.  The variety of architectures available also allows a choice of the properfunctionalityfortheapplicationathand.  Thusadesigncan be implemented using a standard device, with the end result essentially being a custom device.  If a design change is needed, it is a simple matter to edit the original design and then program a new device, or, in the case of reprogrammable CMOS devices, erase and reprogram the old device.



Board layout is vastly simplified with the use of programmable logic.  PLDs offer great flexibility in the location of inputs and outputs on the device.  Since larger functions are implemented inside the PLD, board layout can begin once the inputs and outputs are known.  The details of what will actually be inside the PLD can be worked out independently of the layout.  In many cases, any needed design changes can be taken care of entirely within the PLD, and will not affect the PC board.



Performance



Speed is oneof the main reasonsthat designers use PALdevices.  The TTL PAL devices presently on the market can provide equal or better performance than the fastest discrete logic available.  ECL PAL devices extend the benefits of programmable logic to the even higher-speed realm of ECL logic.  Today's fastest PAL devices are being developed on the newest technologies to gain every extra nanosecond of performance.



Performance cannot come strictly at the expense of power consumption.  Since PLDs can be used to replace several discrete circuits, the power consumption of a PLD may well be less than that of the combined discrete devices.  As more PLDs are developed in CMOS technology, the option for even lower power becomes available, including zero standby power devices for systems which can tolerate only minute standby power consumption.



Reliability



Reliability is an area of increasing concern.  As systems get larger and more complex, the increase in the amount of circuitry tends to reduce the reliability of the system; there are "more things to go wrong'.  Thus a solution which inherently reduces the number of chips in the system will contribute to higher reliability.  A programmable logic approach can provide device quality levels up to 50 parts per million (ppm), while also providing a more reliable solution due to the smaller number of devices required.



With the reduction in units and board space, PC boards can be laid out less densely, which greatly improves the reliability of the board itself.  This also reduces crosstalk and other potential sources of noise, making the operation of the system cleaner and more reliable.



Cost



For any design approach to be practical, it must be cost effective.  Cost is almost always a factor in considering a new design or a design change.  But the calculation of total system cost can be misleading d not all aspects are considered.  Many of the costs can be elusive or difficult to measure.  For example, ft is difficult to quantify the cost of market share lost due to late product introduction.



The greatest savings over a discrete design are derived from the fact that a single PLD can replace several discrete chips.  Board space requirements can drop by 25% or more when PLDs are used.  Figure 4 illustrates some of the costs of the various solutions discussed so far, with many of the factors that may not always be considered included for comparison.  These involve such items as inventory costs, inspection costs, test costs, board materials costs, and of course the very costly time spent designing and debugging such systems, and isolating and replacing units which fail.  With each design change, the cost of a custom solution rises dramatically, while that of a user-customizable approach is minimal.  The relationship between the various alternatives is summarized in Figure 5.



��

Another economic benefitofthe use of PLDs isthat when one PAL device is used in several different designs, as is often the case, the user has not committed thatdevice to any one of the particular designs until the device has been programmed.  This means that inventory can be stocked for several different designs in the form of one device.  As requirements change, the parts can be programmed to fit the need.  And in the case of reprogrammable CMOS devices, one is not committed even after programming.



There is also a cost-effective PLD solution for high-volume production.  Just as a ROM is a PROM which has been hard-wired for mass production, HALO (Hard Array Logic) devices can be produced in high volumes for extra cost savings.  This maskprogrammed version can be produced in high volume with unparalleled quality.  In addition, in the event that production quantities for your system show an unexpected increase, the equivalent PAL or ProPALTm devices (in-factory programmed PAL devices) can be quickly obtained and programmed in your factory, by Monolithic Memories, or through distribution to cover the temporary shortage.  More details on HAL and ProPAL devices are provided on page 3-104 of the Data Book.



One final subtle cost issue is derived from the ease with which a competitorcancopyadesign.  PLDshaveauniquefeaturecalled a security fuse, whose purpose is to protect a design from being copied.  By using secured PLDs extensively in a system, one can safely avoid having one's system easily deciphered.  The added design security provided by this feature can buy extra market time, forcing competitors to do their own original design work rather than copying the designs of others.

�

Figure5.  Development Cost vs Tirne for Alternative Logic

�1.4  Summary



Programmable logicprovides the means of creating semi-custom designs with readily available standard components.  There is a wide variety of PLDS; PAL devices are most widely used, and perform well for basic logic and some sequen-cing functions.  Other dedicated sequencers provide the circuitry required to implement more complex designs.



By assuming some of the attributes of gate arrays, programmable logic provides the cost savings of any other semicustom device, without the extra engineering costs, risks, and design delays.  Reliability is also enhanced as quality increases and board complexity decreases.



The design tasks are greatly simplified due to the design tools which are now available.  Design software and device programmers allow top-down high-level designs, with a minimum of time spent on actual implementation issues.  Simulation allows some design debug before a device is programmed.



For all of these reasons, programmable logic has become, and will continue to be, the design methodology of choice among digital systems designers.







2. Product Overview



2.1  Introduction



Monolithic Memories and Advanced Micro Devices offer a wide variety of PLDs , implemented in av ariety of technologies.  In this section, we will briefiy discuss the device families, and look at the various architecture, speed, and power options.  More specific device information can be found in the individual data sheets in Section 5. Discussions on some of the special architectural features of many of the devices can also be found in their respective datasheets.



There are three basic PLD areas addressed by Monolithic Memories'devices:



		( PAL devices-general purpose

		( Programmable sequencers-state machines

		( LCATM devices-high density



The largest application area is that covered by the PAL deyi'ces.  There is a wide variety of PAL devices, ranging from Simple devices that address general logic design problems to more sophisticated devices that deal with more complex problems.



There is also a series of sequencers which are not PAL devices, featuring archhectures particularly well suited to sequencing operations.  While there are PAL devices that work well as state machines in addition to their other applications, these dad 'cated sequencers have given up some of their generality to provide optimal state machine solutions.



The final area covered is that of high-density design, addressed by the LCA devices.  The LCA device takes the approach of a programmable gate array to provide a PLD with many usable gates.



Design software radically simplifies the design of any circuit in a PLD.  PALASM software is used for all of the PLDs except the LCA devices.  The LCA devices make useof XACT'M softwarefor logic configuration. 	The PALASM software documentation is in Section 4;	XACT software is discussed more fully on page 3-17 of

	the Data Book.

�2.1  PAL Devices



PAL devices are available in three different technologies:

		(  TTL

		( CMOS

		( ECL



The CMOS devices often provide the same functions as the TTL devices, and can be used in the same sockets, with the added benefit of lower power.  Thus the TTL and CMOS devices will be discussed together, followed by a summary of specific CMOS issues.  ECLdevices require completely different design considerations, andcannotbe interchanged with TTLorCMOS devices.  They will therefore be discussed separately.



PALdevices generally have a mnemonic naming scheme, which provides some basic information about the devices'capabilities.



Because Monolithic Memories and Advanced Micro Devices recently merged, there are presently two slightly different naming conventions in use.  Some devices were originally Monolithic Memories'devices; some were Advanced Micro Devices'; some deviceswereproducedbybothcompaniesbeforethemerger.  In order to minimize the confusion after the merger, the old device names are being maintained.  The two naming conventions will be discussed separately.  Throughout this handbook, "AMPAL' designates products originally from Advanced Micro Devices.



Note that all products that Monolithic Memories and Advanced Micro Devices were producing before the merger are still in production.



2.2  Monolithic Memories Nomenclature



Monolithic Memories originally set the PAL device naming standard.  An example of an older device name is shown in Figure 6.



As devices have become faster, and as CMOS has become available, it has become necessary to change the way we describe the performance of newer devices.  While the convention is slightly different, ft does make it easier to see exactly what the speed grade and power level of a device are.  An example of such a new device is shown in Figure 7.



2.3  Advanced Micro Devices Nomenclature



The Advanced Micro Devices nomenclature follows the Monolithic Memories nomenclature with a few modifications.  Atypical older device name is shown in Figure 8.



Advanced Micro Devices also found the need to modify the nomenclature with the advent of faster devices and CMOS devices.  An example of a newer device is shown in Figure 9.



The relationship between a device and its name will become apparent in the Tables following.



�The package designators also differ.  A cross reference for commercial packages is shown in Table 1.





			MONOLITHIC         	 ADVANCED

PACKAGE                 	 MEMORIES 		MICRO DEVICES



Plastic DIP	N	P

Plastic SKINNYDIP@	NS	P

Ceramic DIP	J	D

Ceramic SKINNYDIP	JS	D

PLCC-20-pin	NL	J

PLCC from 24-pin DIP,	FN	J

  JEDEC

PLCC from 24-pin DIP	NL	-

PLCC from 28-pin DIP	FN	J

LCC	L	L



Table 1 PackagemDesignators



�

	



Notes:

	ECL devices also have either 'l 0H' or 'l00' following 'PAl’ to indicate the ECLfamily compatibility.



The number of inputs includes feedback, d feedback exists.



The architecture code varies. h is usually mnemonic, and the meanings of each code will be listed in each of the following sections.



The speed gradeindicates the propagation delay.  lngeneral, the speeds are as follows:



	blank:	35 ns (Note that -2 and -4 devices are slower)

		A : 	25 ns

		B : 	15 ns

		D : 	10 ns

	

The power level can be one of three designators:



blank:	‘Full power', 180-240 mA

-2 :	'half power', 90-105 mA

-4 :	'quarter power', 45-55 mA





Figure 6. Monolithic Memories Nomenclature for Older Products

��



Notes:



The technology designator can be one of four codes:

	blank 	= TTL

	C 	= CMOS

		10H 	= 10KH ECL

		100 	= 100K ECL



The number of inputs includes feedback, if feedback exists.



The architecture code varies. h is usually mnemonic, and the meanings of each code will be listed in each of the following sections.



The power level can be one of four designators:



	blank :	‘full power', 180-240 mA

	H :		'half power', 90-1 05 mA

	0 :		'quarter power', 45-55 mA

	Z :		'zero power', <0.1 mA standby current



Figure 7. New Monolithic Memories Nomenclature



�

Notes:	

The number	of inputs includes feedback, R feedback exists.	



The architecture code varies. h is usually mnemonic, and the meanings of each code will be listed in each of the following sections.



The speed grade indicates the propagation delay.  lngeneral ,the speeds are as follows:



	blank	:	 35 ns

	A	: 	 25 ns

		B		:	 15 ns

		D		:	 10 ns



The power level can be one of three designators:

	blank	:	‘full power', 180-240 mA

	L	:	'half power', 90-1 05 mA

	Q	:	'quarter power', 45-55 mA



Figure 8. Advanced Micro Devices Nomenclature for Older Products

��

Notes:

The technology designator can be one of two codes:

		blank = TTL	

			C = CMOS

The number of inputs includes feedback, if  feedback exists.



The architecture code varies. h is usually mnemonic, and the meanings of each code will be listed in each of the following sections.



The speed grade indicates the propagation delay in nanoseconds.



The power level can be one of three designators:



	blank  :	‘full power', 180-240 mA



	L  :	'half power', 90-105 mA



Figure 9. New Advanced Micro Devices Nomenclature





3.  Beginner's Guide



3.1  Introduction



This section is intended as a beginner's introduction to PLD design,although experienced users may find it a good review.  We will take a step-by-step approach through two very simple designs to demonstrate the basic PLD design implementation process.



By ‘beginner', we mean a logic designer who is just beginning to use programmable logic.  You may have a lot of experience with discrete digital logic, or you may have just graduated from college.  We assume a basic understanding of digital logic, although there is a logic reference  should you need a refresher.  Some computer experience is helpful, but not essential.



Through this effon, you will be introduced to PALASM software and to the concept of device programming.  Because of the simplicity of the designs, we will be using PAL devices, but the implementation concepts will be applicable to all of Monolithic Memories'and Advanced Micro Devices' PLDS.



Only enough detail of the software will be presented to allow you to implement the examples.  This will also give you enough information to understand most of the other design examples in this handbook.  More software details can be found in the actual software documentation in section 4.



To keep the discussion simple, we will make some assumptions about the system being used to process your designs.  We will assume an IBM PC/XTTM or compatible system with one hard disk and one floppy drive, running PC-DOSTM or MS-DOSTM version 2.1 or higher.  The installation procedure for the software will be described for this setup.  The procedures for other setups and machines are not radically different; details can be found in the PALASM software documentation, section 4.

�We will also take no significant shortcuts for these examples, eventhoughtheremaybetimeswhenwecould. lnthisway,you can gain a better understanding of exactly what is happening as you implement your design.



Wewilitalkaboutdevice programming, describing all of the steps that are necessary to program a PLD.  However, due to the wide variety of programmers available, we will not get down to the level of detail thattelis you exactly which buttons to push.  Although we will get as close as we can, we must defer the details to your programmer manual.



As we work the design examples, we will, of course, have to choose devices into which to put the designs.  However, we will not dwell here on the parameters that go into choosing a device.  This is covered more thoroughly in the rest of this section.



3.2  Installing PALASM Software



Before we actually start implementing a design, we must install PALASM software. If you already have the software installed, you may disregard this discussion.  The procedure described here will allow you to install the software package onto an IBM PC/XT or compatible with a hard disk and at least one floppy drive.



After you have turned on the computer and allowed h to boot up, you can install the software by placing disk #l into drive A, and typing:



A:PAL2INST<CR>



If you are new tothe PC, <CR> isthe'RETURN'key on the right side of the keyboard.



The program will ask you which disk you wish to install the programs on.  Enter the disk name, or just hit <CR> if installing onto disk C. The installation program creates directories for all of the programs. If you presently have an older version of PALASM software installed in a similar directory structure, the installation program will warn you that the contents of the directories will be changed.  Otherwise, it will start installing.



Note that the installation procedure may modify two files which are used when the computer boots up: AUTOEXEC.BAT and CONFIG.SYS. These changes should not affect any other programs you run.



The installation program will then give you a choice of programs to install; hit



1<CR>



to install the software.  The installation program will ask you to insert various disks as it installs the programs.  The disks are labelled, so this should be a simple procedure.  After the software has been installed, reboot the system by holding down



<CTRL><ALT><DEI>



at the same time.  This only needs to be done after installation.  In the future when you turn the computer on, the computer will boot automatically.



You can now call up the menu by typing

PALASM<CR>

Now you need to install the editor or word processing program you wish to use.  You may use any editor you wish, as long as it can generate a clean ASCII text file.  In addition, you need to

�install a communication program; any one will do.  A simple one

called PC2 is provided with the PALASM software.  You can install these programs by hitting



<F6>



When the setup screen comes up, hit the down-arrow key until h gets to the line that says "Editor'.  Enter the directory path and programnarnefortheaditoryouwishtouse.  Forexample,dyou use WordStarTm, and you have the program located in the directory called 'WS' on disk C, then enter



C: \ws \ws

Add enough spaces to delete whatever was there before.

This takes you into the next field.  Here you need to enter the filetype of your editor, which will be either.COM or.EXE.



Once this is complete, forthe WordStar example, the line should



now look like:



C:\ws\ws             . COM



Hit <CR> again to get to the next field.  Here you enter the name of your communication software. 9 you wish to use PC2, then



type



\PALASM\SUPL\PC2



(adding spaces to delete what was there before.)



 <CR>

.EXE



lfyou are not using PC2, then replace"PC2'whhthe nameofyour program.  This procedure works regardless of the editor or communication software you wish to use.  When you are finished, hit



<ESC>



to get back to the menu.



You are now ready to start.





3.3  Constructing a Combinatorial Design -Basic Gates



The first example we will try is a very simple combinatorial circuit consisting of all ofthe basic logicgates, as shown in Figure 1. This will be helpful forthose designs where you are integrating random logic into a PAL device to save space and money.



Ascan be seen from thefigure, therewill be six separatefunct'ons involvingatotaloftweivoinputs. ltisimportanttobearinmindthat programmablelogicprovidesaconvenientmeansofimplementing designs.  With a real design, some work would be required before this point to conceptualize the design, but due to the simplicity ofthese circuits, we are already in a position to start the implementation.

�

�

Figure 10. The Basic Logic Gates



3.4  Building The Equations



We will start by generating Boolean equations.  The first function to be generated is an inverter.  This is specified according to Figure 10 as:

B =  /A

Here the “equals” sign ('=') is used to assign a function to output B. The slash ('/') is used to indicate negation, since it is impossible to put a bar over a letter in an ASCII file.  Thus this equation may be read:



B	is TRUE if NOT A is TRUE



The nextfunction is asimpleAND gate.  As shown in Figure 1, we can write



E =  C*D



Here we use the “equals” sign again, but this time we have introduced the asterisk ('*') to indicate the AND operation.  This equation may be read:



E is TRUE if C AND D are TRUE

The third function is an OR gate, which may be written:

H =  F + G

The “plus” sign ('+') is used to specify the OR operation here.  Because of the sum-of-products nature of logic as implemented in PLDS, it is often easy to place product terms on separate lines, whichimprovesthereadability.



This equation may be read:



H is TRUE if F  OR  G is TRUE



For the moment, we will assume that we have active-HIGH outputs on our device.  The functions we have generated so far haveessentiallybeenactive-HIGHfunctions.  Attimeswewishto generate active-LOW functions; the next two functions are active-LOW functions that we wish to implement in an active-HIGH device.

�When we talk in terms of an active-HIGH or an active-LOW device, the real question is whether there is an extra inverter at the output.  An active-HIGH device has an AND-OR structure; an active-LOW device has an AND-OR-INVERT structure which inverts the function at the output (see Figure 11).



�



a. AND-OR Structure



�



b. AND-OR-INVERT Structure



Figure 11. Active HIGH vs.  Active LOW





NAND and NOR gates could be generated very simply in an active-LOWdevice, becausewewouldjust havetogenerateAND and OR functions, and let the output inverter generate their complements.  However, given that we wish to implement these functions in an active-HIGH device, we must invoke DeMorgan's theorem, as shown in Figure 12.



/(X*Y) = /X + /Y

/(X + Y) = /X*/Y

Figure 12. DeMorgan's Theorem

PALASM software has the capability of applying DeMorgan's theorem to functions, so we may generate our NAND function by writing:

L =  /(I*J*K)



Likewise the NOR function may be specified as



O =   /(M + N)

or O = /M*/N

Finally, an exclusive-OR (XOR) gate may be specified either as

 R =  P : + : Q

where :+: represents the XOR operation, or more explicitly as

R = P* /Q + /P*Q



We have now specified all of the functions in terms of their Boolean equations.  The equations are summarized in Figure 13.



B	=	/A



E	=	C*D



H	=	F + G



L	=	/I + /J + /K



O	=	/M * /N



R	=	P* /Q + /P*Q



Figure 13. Basic Gates Equations

�3.5  Understanding the Logic Diagranl



We will use a PAL12H6 for this function, since h has all of the resources needed to implement all of these functions.  A portion of the logic diagram for this device is shown in Figure 14.



The logic diagram shows all of the logic resources available in a particular device.  In each device, inputs are provided in true and complement versions, as shown in Figure 14. These drive what are often called "input lines', which are the vertical lines in the logic diagram.  These input lines can then be connected to product terms.  The name "product term' is really just a fancy name for an AND gate.  However, PLDs provide very wide gates, which can be cumbersome to draw.  To save space, the product terms are drawn as horizontal lines with a small AND gate symbol at one end to indicate the function being performed.



So we see that in the PAL12H6, there are twelve inputs and six outputs.  Four of the outputs, on pins 14 through 17, have two product terms connected to the OR gates.  The outputs on pins 13 and 18 have four product terms connected to the OR gates.  Thus pins 13 and 18 can be used to implement more complex functions than the other four outputs.



Although you really do not need to be concerned with the actual implementation of these functions inside the PAL device, you may becurious.  Figure15 shows how the inverter and the AND gate are implemented in the PAL12H6.  An 'X'indicates a connection.  A product term that is not used is indicated by an 'X' in the small AND gate.





�

Figure 14. A Portion of a Logic Diagram



�

Figure 15. Implementation of NOT, AND Gates

�	3.6  Building the Design File



Oncethe design has been conceptualized, the design file must be generated.  This can be done with any editor program.  The only uirement is that the editor produce a clean ASCII file.  Most word processing programs have this capability, so you can use your favorite program.  Any hidden control characters for formating may cause problems when assembling; thus only "non-document' or "clean' modes should be used.  The filoname is usually given the extension'.PDS'(for PAL device Design Specification), although this is not required.



We now know exactly what our functions are going to be.  We have twelve inputs, six outputs, and the NAND function requires three product terms.  Note that d we had specified



L = /(I*J*K)



instead of



L=   /I + /J + /K



for the NAND gate, it would not be as obvious how many product rms would be needed.



We are now in a position to create the design file.  First you need to enter the PALASM menu.  This menu will let you perform all of the tasks you need, including editing your design f ile.  Call up the menu by typing



PALASM  <CR>

When prompted, hit any key to bring the menu onto the screen.

Enter the file name of the design file you wish to create in the field called 'Input PDS file'.  The cursor shoul , d be there when the menu appears on the screen.  Then hit



<CR>



This will take you to the filetype field, which should already say '.PDS'. Werecommendthatyouuse".PDS'for all of your design files.  Hit



<CR>



again.  At this time, the menu will say that the file cannot be opened;this isiust because you have not actually created thefile yet,sothere is no needto beconcerned.  You can nowcreate your design file by hitting



<F3>



This will call up your editor, and you can begin building the file.



We start with what is called the DECLARATION SECTION.  This

section allows you to document your design, and also provides some definitions for the assembler.



The first step is to provide some documentation information.  This is done with six keywords:



TITIE	(The title of your design goes here)

PATTERN	(The pattern name or number goes here)

REVISION	(The revision number or level goes here)

AUTHOR	(Your name goes here)

COMPANY	(Your company name goes hare)

DATE	(The date of creation or modification goes here)

�This is followed by the CHIP declaration, which tells the assemblerwhich device is being used and whatthe pin names aregoing to be.  We do this by typing:



CHIP	(any name goes here) (the device type goes here) (the pin list goes here)



Thus, we can create the declaration section for our design as shown in Figure 16.



	TITLE	Basic gates

	PATTERN	POOOO

	REVISION	A

	AUTHOR	Stateyour Narnehere

	COMPANY	Name of your Co., Inc.

	DATE	7/22/87



		CHIP GATES PAL12H6 

		A C D F G I J K M GND 

		N P B E H R 0 L Q VCC



Figure 16. The Declaration Section



Note that the pin list has all pins in order, from pin 1 to pin 20, including VCC and GND.  You can see that the inputs were assigned to pins 1-12 and 19, whereas the outputs have been assigned to pins 13-18.  Of course these assignments must be made knowing whichpins are inputs andoutputs, as perthe logic diagram.  Knowing that the NAND gate requires three product terms, we assigned thisfunctionto pin 18, since itcan provide up to four product terms.



Wecanmakethepinlisteasiertoreadbyaddingthepinnumbers as comments.  Anything following a semicolon (;) is treated as a comment, and ignored by the processor.  This helps make the design file more readable.  The pin list with comments is shown in Figure 17. Notice how much easier it is to read.



CHIP      GATES 		PAL12H6



	;PINS	1	2	3	4	5	6	7	8	9	10

		A	C	D	F	G	I	J	K	M	GND



	;PINS	11	12	13	14	15	16	17	18	19	20

		N	P	B	E	H	R	0	L	Q	VCC



Figure 17.        Pin List with Comments



Next we enter the equations.  This section begins with the keyword



EQUATIONS



after which all of the equations are entered, exactly as shown in Figure13.  Note that the equations may be defined in any order not necessarily in the order presented in the pin list.



The fact that this is an active-HIGH device does have some bearing on the way the file is built.  This is discussed at length and in the software documentation; we will need to address the issue again below, when we do an active-LOW design.  Fornow,sufficeittosaythatthedesignasspecifiedhere will work correctly for an active-HIGH device.



Finally, add comments to the equations to document the design.  Liberal commenting is encouraged to make it easier for you and others to understand your design in the future.

�The equation section, with comments, is shown in Figure 18.

EQUATIONS

	B	=	/A	;inverter



	E	=	C*D	;AND gate



	H	=	F + G	;OR gate



	L	=	/I + /J +/K	;NAND gate after applying

				;DeMorgan's theorem



	O	=	/M*/N	;NOR gate after applying

				;DeMorgan's theorem

	R 	= 	P*/Q +/P*Q	;XOR gate, expanded



Figure 18. The Equation Section







When you have completed the file, save the file and get out of the editor.



3.7  Generating a JEDEC File



Once the design file has been entered, you can assemble the design to get a JEDEC file.  We have two purposes here: tomake sure there are no basic mistakes in the file, and to generate a JEDEC file for programming.



To start processing, hit



<F5>



This gives you a choice of processing options on the right of the screen.  To run all of the processing steps automatically, hit



6



The first program will now run, as evidenced by the file scrolling up the bottom of the screen.  If there are any errors, they will appear on the screen and in an error file.  These errors will be syntactical in nature; typos, misspelled words, missing declarations, malformed expressions.



Once the first program has been run with no errors, the equations are minimized. h is a good practice to run the expander and minimizer for all designs.  Minimization may allow you to fit a design into a smaller device.  It also improves the testability of your design.  More complicated designs may have to be expanded and minimized.



Afterthe minimization has been performed, the JEDEC file will be generated.  " there are any reported errors, it will likely be because you requested some function that the part you chose could not provide.  Some examples are:



		( Active-HIGH equations in an active-LOW device

		( Too many product terms

		( Registered equations in a device that has no registers



Since you have used the "autorun' feature, the simulation program will automatically be run.  Since we have not specified the simulation yet, this will generate an error.  Ignore the error message for now.

�When processing is complete, hit

 <ESC>

to get back to the main menu.

If there were any errors during processing, you can see what they were by viewing the run-time log.  This is done by hitting



<F7>

to get a choice of things to view.  To view the run-time log, hit

1



You can scroll down until you find any errors and make a note of what needs correcting.  Once you havefound the error(s),you can get back to the menu by hitting



<ESC><ESC>



Any corrections should be made by editing the design file.  After making any changes, the design needs to reprocessed.



The JEDEC file will have the samefile name as your design file, except that k will have the extension '.JED'. The program also creates an 'xplot' file (with file extension '.XPT') which relates the final design implementation to the logic diagram of the PLD being used.  The xplot file is usually not needed, but it confirms the physical implementation of the gates.  Figure 19 shows a portion of the xplot for this design; the inverter and the AND gate are shown.  You can see how this relates to the logic diagram by referring back to Figure 15.



You may view the complete xplot file by hitting

<F7><PgDn><1>

To return to the main menu after inspecting the xplot file, hit

<ESC>



40	X ((( X((( ((OO ((OO ((OO ((((  (((( ((((

41	XXXX XXXX XX00 XX00 XX00 XX00 XXXX XXXX

42	0000 0000 0000 0000 0000 0000 0000 0000

43	0000 0000 0000 0000 0000 0000 0000 0000

44	0000 0000 0000 0000 0000 0000 0000 0000

45	0000 0000 0000 0000 0000 0000 0000 0000

46	0000 0000 0000 0000 0000 0000 0000 0000

47	0000 0000 0000 0000 0000 0000 0000 0000



48 (((X (((( ((OO ((OO ((OO ((((  (((( ((((

49	XXXX XXXX XX00 XX00 XX00 XX00 XXXX XXXX

50	XXXX XXXX XX00 XX00 XX00 XX00 XXXX XXXX

51	XXXX XXXX XX00 XX00 XX00 XX00 XXXX XXXX

52	0000 0000 0000 0000 0000 0000 0000 0000

53	0000 0000 0000 0000 0000 0000 0000 0000

54	0000 0000 0000 0000 0000 0000 0000 0000

55	0000 0000 0000 0000 0000 0000 0000 0000



Figure 19. A Portion of an Xplot

�3.8  Simulating the Gates



After you have verified that your design file is correct, it is time to verify that the design itself is correct.  This is done by simulating thedesign.  Simulation provides away for you to see whether your design is working as you expect it to.  You provide a series of commands, or events, which are then simulated by the software. If requested, the software can tell you d the simulation matches what you expect, and, if not, where the problems are.



The simulation section is the last part of the design file.  It is not required, but is invariably helpful both in debugging the design, and in generating what can eventually be used as a portion of a test vector sequence.  It is introduced by the keyword:



SIMULATION



The events to be simulated are specified by placing logic levels on pins of interest.  Any pins not specifically mentioned will either maintain their present level, or, if no level was ever defined, remain undefined.  The SETF command is used to set levels.



We can start by simulating the inverter.  To prove that the inverter works as expected, firstwe wish to set inputAHIGHto verifythat the output goes LOW.  This is done with the statement:



SETF A



Since all we did here was set A HIGH, all other inputs are still undefined.  However this is enough to determine the output for signal B.



The simulator will calculate the value for B and put it in the output file (to be discussed later), but it is helpful to write what you expect B to be.  If the simulator calculates a result that is different from what you expect, it will alert you, and place a marker in the output file to tell you where the problem is.  You can do this with the CHECK statement.  Since A is HIGH here, we expect B to be LOW.  To verify that B is indeed LOW, use the statement:

CHECK /B



Note that CHECK statements are not required for simulation.  However, without them, you must examine the simulation output to see d the design functioned correctly.



We also need to verify that when Agoes LOW, B goes HIGH, as expected.  This can be done with the pair of statements:



SETF /A 

CHECK B



We have now fully exercised the inverter.  However, the standard outputfileforthe simulator, called the history file, tracks all signals on the device, in increasing pin order.  From Figure 17, this would be in the order



A C D F G I  J K M N P B E H R O L Q



Instead, we may wish to place related signals near each other.  We can do this with the TRACE - ON and TRACE-OFF commands.  These commands cause a second output file to be generated, which will only show signals and events as determined by the TRACE-ON command.



In our case, we would like to have the output of the gate appear right after its inputs, so that the workings of the gate can be easily examined.  This can be done with the command:



TRACE-ON A B C D E F G H I J K L M N O  P Q R



At the end of the simulation, the TRACE-OFF command is used to end the special trace.

�Note that both a history file and atrace I lie will now be generated.  The history file will have the simulation results in increasing pin order; the trace file will have the signals in the order requested with the TRACE-ON command.



Now we can exercise all of the other gates in the circuit.  The full simulation section is shown in Figure 20.



SIMULATION



TRACE ON A B C D E F G H I J K L M N O P Q R



;look at the inverter

SETF A			;set A HI

CHECK /B		;verify that B is LO

SETF /A			;set A LO

CHECK B		;verify that B is HI 

			;end of inverter trace



;look at AND gate	;set C, D LO

SETF /C /D		;verify E L4D

CHECK /E		;C stays LO, D goes HI

SETF D			;E should stay LO

CHECK /E		;set C HI, D LO

SETF C /D		;E should stay LO

CHECK /E		;C stays HI, D goes HI

SETF D			;E should now be HI

CHECK E		;end of AND gate trace



;look at OR gate

SETF IF /G		;set F, G LO

CHECK /H		;verify H LO

SETF G			;F stays LO, G goes HI

CHECK H		;H should go HI

SETF F			;G stays HI, F goes HI

CHECK H		;H should stay HI

SETF /G			;F stays HI, G goes LO

CHECK H		;H should stay HI

			;end of OR gate trace

	

;look at NAND gate

SETF /I /J /K		;IJK = 000

CHECK L		;verify L HI

SETF K			;IJK = 001

CHECK L		;L should still	be HI

SETF J /K		;IJK = 010

CHECK L		;L should still	be HI

SETF K			;IJK = 011

CHECK L		;L should still	be HI

SETF I IJ  IK		;IJK = 100

CHECK L		;L should still	be HI

SETF K			;IJK = 101

CHECK L		;L should still	be HI

SETF J /K		;IJK =  110

CHECK L		;L should still	be HI

SETF K			;IJK = 111

CHECK /L		;L should go LO

			;end of NAND gate trace

�;look at NOR gate

SETF /M IN		;set M, N    LO

CHECK O		;verify O   HI

SETF N			;M stays LO, N goes HI

CHECK /O		;O should go LO

SETF M			;M, N now both HI

CHECK /O		;O should stay LO

SETF IN		;M stays HI, N goes LO

CHECK /O		;O should stay LO

			;end of NOR gate trace



;look at XOR gate

SETF /P /0		;set P, Q LO

CHECK /R		;verify R LO

SETF Q			;P stays LO, Q goes HI

CHECK R		;R should go HI

SETF P /Q		;now P HI, Q LO

CHECK R		;R should stay HI

SETF Q			;both inputs HI

CHECK /R		;R should go LO



TRACE-OFF		;end of trace



Figure 20.  The Simulation Section





3.9  Running the Simulator



After adding the simulation, the file needs to be reprocessed.  Do this again by hitting



<F5>



and then hitting

6

This completely reprocesses the file and runs the simulation.

Each of the events specified in the simulation section of the design file is executed.  The resulting outputs are calculated, and, 0 CHECK statements are used, the calculated outputs are compared to the expected outputs.  If the two values do not match, then you are expecting an output that the circuit is not generating.  This means either that the expected values are wrong, or that thereisaproblemwkhthecircuitftself. lneithercase,thedesign file must be modified to fix the problem, and then the file should be completely reprocessed.



The main output of the simulator is the history file.  In addition, a tracefilowill be generated dthe TRACE-ON statement was used, as in the example above.  These files will have the same name as your original design, except that the extension for the history file is '.HST' and that for the trace file is '.TRF'.



You may look at the history and trace files with your editor, or print themoutforcloseranalysis.  Notethatthehistoryfilecontainsthe results of every signal and every event in increasing pin order, whereasthetracefile contains signals in the orderspecifically roquested by the TRACE-ON commands.



ft is usually easier to look at the simulation output as waveforms.  To generate the waveforms, hit



<F7>

�To see the waveforms for the trace file, hit



6



Once the waveforms are on the screen, you may scroll around using the arrow keys.  The vertical bar cursor will help you line up events.



After you are through examining the file, hit

<ESC>

to get out of the waveform generator, and then,

<ESC>

to get back to the main menu.



This makes it much easierto debug your design.  You can look at the entire simulation in the history file, or break it up into manageable bits in the trace file.



The simulator also converts the simulation results into test vectors, and appends the vectors to the JEDEC file.  This gives you two JEDEC files; one with vectors and one without.  The new file has the same name as your original design file, but with the extension '.JDC'. This file can be used with programmers that provide functional tests.



3.10  Constructing a Registered DesignBasic Flip-Flops



Next we will do a very simple registered design: we will be designing all of the basic flip-flop types (Figure 21).  We will conceptualize the design by reviewing briefly the behavior of the D-type flip-flop.  We will then present the results for T, J-K, and SR flip-flops.  More detail on these flip-flop types can be found in the logic reference.



Rememberthat the devices we will be using only have D-type flip-flops.  Thus we will be emulating the other flip-flops with D-type flip-flops.

�

Figure 21.  Basic Flip-Flops



�3.11  Building the D-Type Flip-Flop Equations



A D-typeflip-flop merelyprosentsthe inputdataattheoutputafter being clocked.  Its basic transfer function can be expressed as



DT := D



where we have used pins DT ("D True') and D as shown in Figure 21.



Note the use of ':-' here instead of '-'.  This indicates that the output is registered for this equation.  The difference is illustrated in Figure 22.



�

Figure 22.  Registered vs.  Combinatorial Equations



We can also generate the complement signal (named DC) with the statement



DC := /D



As per Figure 21, we want to add synchronous preset and clear functions to the flip-flops.  This can be done with two input pins, called PR and CLR.  To add these functions to the true flip-flop signal, we add ICLR to every product term and add one product term consisting only of PR.  Likewise, for the complement functions,weadd/PRtoeveryproductterm,andaddoneproduct term consisting only of CLR.  This is shown in Figure 23.



DT := D*/CLR + PR



DC := /D*/PR + CLR



Figure23.  D-Type Flip-Flops with Clear and Preset



In this way, when clearing the flip-flops, the active-HIGH flip-flops have no product terms true, and go LOW; the active-LOW flipflops have the last product term true, and will therefore go HIGH.  The reverse will occur for the preset function.



There is still one hole in this design: what happens d we preset and clear at the same time?  As h is right now, both outputs will go HIGH.  This makes no sense since one signal is supposed to be the inverse of the other.  To rectify this, we can give the clear function priority over the preset function.  We can do this by placing ICLR on every product term for the true flip-flop signal.  The results are shown in Figure24.



DT := D*/CLR + PR*/CLR



DC :=  /D*/PR + CIR



Figure 24.  D-Type Flip-Flops with Clear Priority

�3.12  Building the Remaining Equations



The same basic procedure can be applied to all of the other flip-flops.  The equations are shown in Figure25.



EQUATIONS



;emlating all flip-flops with D-type flip-flops



	DT :=	D*/CLR	;output is D if not clear

	+	PR*/CLR	;or 1 if preset and not clear at the same time



	DC :=	ID*/PR	;output is /D if not preset

	+	CLR	;or 1 if clear



	TT :=	T*ITT*/CLR	;go HI if toggle and not clear

	+	/T*TT*/CLR	;stay HI if not toggle and not clear

	+	PR*/CLR	;go HI if preset and not clear at the same time



	TC :=	T*/TC*/PR	;go HI if toggle and not preset

	+	/T*TC*/PR	;stay HI if not toggle and not preset

	+	CLR	;go HI if clearing



	JKT :=	J*/JKT*/CLR	;go HI if J and not clear

	+	/K*JKT*/CLR	;stay HI if not K and not clear

	+	PR*/CLR	;go HI if preset and not clear at the same time



	JKC :=	/J*/JKC*/PR	;go HI if not J and not preset

	+	K*/JKC*/PR	;stay HI if K and not preset

	+	CLR	;go HI if clear



	SRT :=	S*/CLR	;go HI if set and not clear

	+	/R*SRT*/CLR	;stay HI if not reset and not clear

	+	PR*/CLR	;go HI if preset and not clear at the same time



	SRC :=	R*/PR	;go HI if reset and not preset

	+	/S*SRC*/PR	;stay HI if not set and not preset

	+	CLR	;go HI if clear

Figure25.  Flip-Flop Equations Section

�

Figure26.  Feedback In the Equation for TT





Noticethat in some of the equations above, the outputsignal itself shows up in the equations.  This is the way in which I eedback I rom the flip-f lop can be used to determ ins the next state of the  flip-f lop.

An equivalent logic drawing of the TT equation is shown in Figure26.

�3.13  Completing the Design File



We are now in a position to soled a device and complete the device f lie.  The device used will be a PAL1 6R8, which is actually an active-LOW device.  The logic diagram for this device can be found on page 5-47.  The implications of an active-LOW device are discussed more fully on page 6-1 9. For now, suffice h to say that one way of implementing active-LOW logic is to declare outputs in the pin list with a slash ('/') in front of them.  This essentially defines them as 'negative' or 'inverted' pins.



The declaration section is built up just like the last one, and is shown in Figure27.



	TITIE	Basic flip-flops

	PATTERN	P0001

	REVISION	A

	AUTHOR	Stateyour Namehere

	COWANY	Narneofyour Co., Inc.

	DATE	7122/87



CHIP Flip-flops PAL16R8



	;PINS	1	  2	3	 4	 5	 6	 7	 	8	 9	 10

		CLK	J	 K	 T 	PR	 CLR	 D 	S 	R 	GND



	;PINS	11 	12		13      	14   		15



	OE 	/SRC	 /SRT	 /DC 		/DT



;PINS	16 		17 	18 		19 		20 

		/TC 	/TT	 /JKC		 /JKT	 VCC



Figure27.  Basic Flip-Flops Declaration Section



Notice that this device has a clock and an output enable pin,called CLK and OE, respectively.  The input and output pins are named as shown in Figure21.  The output pins are all defined with ,slashes, to indicate that they are inverted pins.



The design can now be processed by hitting <F5>

and then hitting

6

This will tell you whether there are any basic problems with your design.  You can correct any mistakes by editing the file and then reprocessing.



3.14  Simulating the Flip-Flops



After processing the design and correcting any mistakes, we can write the simulation.  We have all of the simulation instructions we need, except for one new instruction which simplifies manipulation of the clock signal.  It is possible to use SETF instructions with the clock pin, but then each clock transition would require two instructions: one to set the clock HIGH, and one to bring k back LOW.



Instead, we can use the CLOCKF instruction.  This pulses a clock pin in one instruction.  Of course, registered outputs will not change state until after the rising edge of the clock signal.  Since we have named the clock pin CLK, we can clock this device with the instruction

�	CLOCKF CLK



	We can simulate the true D-type f lip-flop as follows:



	SETF D	;set the D input HI

	CLOCKF CLK	;clock the device

	CHECK DT	;verify that the output went HI

	SETF /D	;set the D input LO

	CLOCKF CLK	;clock the device

	CHECK /DT	;verify that the output went LO



	Before we actually simulate any registered design like this, two



items must be initialized: the clock and the output enable pin(OE).  Since the CLOCKF statement executes a HIGH-LOW pulse on the clock pin, we must first make sure that the clock is set LOW to begin with.  We must also enable the outputs, which is done by setting the OE pin LOW.  These tasks can be accomplished with the statement:



SETF   /CLK /OE



We also need to initialize the flip-flops.  At the same time we can verify that the CLR function is working correctly:



SETF CLR /PR		;set the clear pin CLOCKF CLK

CLOCKF CLK		;clear the circuit



;make sure the clear function worked 

CHECK /DT DC /TT TC /JKT JKC /SRT SRC

SETF /CLR			;remove the clear signal



We are now in a position to simulate the entire circuit.  Athorough simulation is shown in Figure 28.



SIMUIATION

TRACE-ON CLR PR D DT DC T TT TC JK JKT JKC SR SRT SRC 

;initialize the circuit

SETF CLR /PR	;set the clear pin

CLOCKF CLK	;clear the circuit

;make sure the clear function worked 

CHECK /DT DC /TT TC /JKT JKC /SRT SRC

SETF /CLR	;remove the clear signal



;check out	the preset function

SETF PR 		;set the preset pin 

CLOCKF CLK 		;preset the circuit 

CHECK DT /DC TT /TC JKT /JKC SRT /SRT



SETF /PR                             ;remove the preset signal



;verify that clear has priority

SETF PR CLR	;set both clear and preset

CLOCK CLK

CHECK /DT DC /TT TC /JKT JKC /SRT SRC

SETF /PR /CLR                        ;remove both preset, clear

�;disable all flip-flop inputs for now

SETF /D /T IJ /K /S /R



	;check out D-type flip-flops

	SETF D	;set the D input HI from LO

	CLOCKF CLK	;clock the device

	CHECK DT /DC	;verify that the true output went HI

		;and the complement went LO



	SETF D	;hold a HI

	CLOCKF CLK

	CHECK DT /DC	;verify that state maintained



	SETF /D	;set the D input LO from HI

	CLOCKF CLK	;clock the device

	CHECK /DT DC	;verify that the true output went LO

		;and complement went HI



	SETF /D	;hold a LO

	CLOCKF CLK

	CHECK /DT DC	;verify that state maintained



	;check out T-type flip-flops

	SETF /T	;hold a LO

	CLOCKF CLK

	CHECK /TT TC	;true output should still be LO

		;complement output HI



	SETF T	;toggle from a LO

	CLOCKF CLK

	CHECK TT /TC	;both outputs should have changed state



Figure28.    Flip-Flop Simulation Section



	SETF IT	;hold a HI

	CLOCKF CLK

	CHECK TT /TC	;both outputs should have held their state



	SETF T	;toggle from a HI

	CLOCKF CLK

	CHECK /TT TC	;both outputs should have changed state



	;check out J~K flip~flops

	SETF IJ /K	;hold a LO

	CLOCKF CLK

	CHECK /JKT JKC	;both outputs should have held their state



	SETF J /K	;set a HI

	CLOCKF CLK

	CHECK JKT /JKC	;outputs should have changed



	SETF IJ IK	;hold a HI

	CLOCKF CLK

	CHECK JKT /JKC	;both outputs should have held their state



	SETF IJ K	;reset a LO

	CLOCKF CLK

	CHECK /JKT JKC	;outputs should have changed

�	CLOCKF CLK	;reset an output that is already LO

	CHECK /JKT JKC	;make sure that the outputs didn't change



	SETF J K	;toggle from a LO

	CLOCKF CLK

	CHECK JKT /JKC	;verify that outputs changed



	SETF J /K	;set an output that is already HI

	CLOCKF CLK

	CHECK JKT /JKC	;make sure the outputs didn't change



	SETF J K	;toggle from a HI

	CLOCKF CLK

	CHECK /JKT JKC	;verify that outputs changed



	;check out S-R flip-flops

	SETF IS /R	;hold a LO

	CLOCKF CLK

	CHECK /SRT SRC	;both outputs should have held their state



	SETF S /R	;set a HI

	CLOCKF CLK

	CHECK SRT /SRC	;outputs should have changed



	SETF IS /R	;hold a HI

	CLOCKF CLK

	CHECK SRT /SRC	;both outputs should have held their state



	SETF S /R	;set an output that is already HI

	CLOCKF CLK

	CHECK SRT /SRC	;make sure the outputs didn't change



	SETF /S R	;reset a LO

	CLOCKF CLK

	CHECK /SRT SRC	;outputs should have changed



	CLOCKF CLK	;reset an output that is already LO

	CHECK /SRT SRC	;make sure that the outputs didn't change



	TRACE-OFF



Figure28.  Flip-Flop Simulation Section (Cont'd.)



The file can now be simulated in the same manner as the basic gates design.  The simulation results can be viewed either by examining the history or trace file, or by generating waveforms.



3.15  Programming a Device



After sim ulating the design, and verifying that it works, ft is time to program a device.  There are several steps to programming, but the exact operation of the programmer naturally depends on the type of programmer being used.  We will be as explicit as we can here, but you will need to referto your programmer manuaiforthe specifics.



Thefirstthingthatmustbedoneafterturningtheprogrammeron is to select the device type.  This tells the programmer what kind of programming data to expect.  The device type is usually selected either from a menu or by entering a device code.  Your programmer manual will have the details.

�NextaJEDECfilemustbedownloaded.  TotransfertheJEDEC file from the computer to your programmer, you will need to provide a connection, as shown in Figure29.  This is normally done with an RS-232 cable connected between the programmer's port and a serial port on the computer (usually COMI).



�

Figure29.  A Connector Must Re Provided Between the

Computer and the Programmer



your programmercan perform functional tests, and you wish for those tests to be performed, you should download the'.JDC'file; otherwise you should download the '.JED'file.



Todownload data, the programmer must first be set upto receive data.  The programmer manual will tell you how to do this.  The data can then be sent from the computer by hitting



<F4>



This sets up communication between the computer and the programmer.  Whichever communication program is installed will be invoked.  This is used to transmit the JEDEC file to the programmer.  The details below assume you are using PC2; K not, follow the instructions for your program to accomplish the same steps.



Before actually sending the data, you must verdythe correct cornmunicationprotoool.  Check to make sure you know what protocol the programmer is expecting; then hit the <F2> key on the computer.  This allows you to set up the baud rate, data bits, stop bits, and parity.



Once the protocol has been set up, hit the <Fl > key.  You will be askedforthefile narne;enterthe name of the JEDEC file you wish to use.  The computer will then announce that ft is sending the data, and tell you when it is finished.  Note that just because it says it has finished sending data does not mean that the data was received.  Your programmer will indicate whether or not data was received correctly.



Once the data has been received, the programmer is ready to program a device.  Place a device in the appropriate socket, and follow the instructions for your programmer to program the device.  This procedure programs and verifies the connections in the device, and, d a'.JDC'f lie was used, will perform a f unctional test.



The programmer will announce when the programming procedure has been completed.  You may then take the device and plug it into your application.



9 you have actually programmed one of the examples that we created above, you naturally don't have a board into which you can plug the device. 9 you do have a lab setup, you may wish to play with the devices to verify foryoursed that the devices perform just as you expected them to.



You will find much more detail on many issues that were not discussed in this section in the remaining sections of this handbook.  This section should have provided you with the basic knowledge you need to understand the remaining design examples in this book, and to start your own designs.



วิธีการทดลอง

1. ศึกษาส่วนประกอบพื้นฐานที่สำคัญของ Programmable Devices ในบทนำ ส่วนที่1

2. ศึกษาส่วนประกอบที่สำคัญในการกำหนดสัญลักษณ์ของ Programmable Devices ใน ส่วนที่2

3. ศึกษาซอฟท์แวร์ที่ใช้ในการโปรแกรม Programmable Devices ในส่วนที่ 3

�หมายเหตุ  

	จัดทำรายงานส่ง โดยประกอบด้วย (ส่วนนี้มีคะแนน 60 คะแนน)

	* ผลการทดลองทุกขั้นตอน

	* คำถามท้ายการทดลอง



คำถามท้ายการทดลอง

โจทย์ แต่ละข้อ ต้องแสดงส่วนสำคัญดังต่อไปนี้

	* Design File

	* Disassembled Design File 

	* Fuse Map

	* Circuit Diagram

	* JEDEC File



1. Show a design for the following Boolean functions using a simple 4-input, 4-ouput PAL like the one illustrated in Fig. E1  were commercially available, write the PAL nomenclature that could be used to describe it.

	F1(A,B,C,D) = ( m(6,7,11,12,13)

	F2(A,B,C,D) = ( m(0,2,3,4,5,10,11,13,15)

	F3(A,B,C,D) = ( m(2,3,6,7,10,11,14,15)

	     Signal list : F1,F2,F3,A,B,C,D



2. Implement the following Boolean equations;that is, manually generate the fuse map information using a simple 8-input, 4-output PAL like the one illustrated in Fig. E2. If Fig. E2 were available as an off-the-shelf device, write the PAL nomenclature for the device.

	/F1(X,Y,Z) = X + /Y*Z

	F2( W,X,Y,Z) = W*/X*Y + A*B

	F3(A,B,C)  = A*C + B*C + A*B

	     Signal list : F1,F2,F3,W,X,Y,A,B,C



3. Design a circuit to implement a BCD-to-2421 code converter. The signal list is F3,F2,F1,F0,I3,I2,I1,I0. Use a simple PAL like the one illustrated in Fig. E3. Manaully generate the fuse map for PAL.
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