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Welcome to the 8052.com Tutorial & Reference

Welcome to thé052.com Tutorial & Reference

This documentis, essentially,a compilation of all the tutorial information found on 8052.com It was
assembledas a service to the 8052 community as a generaloffline referenceof 8052 information
recognizing that using the website as reference is not always practical or easy.

We decidedto put togetherthis documentafter receiving literally hundredsof requestsfor an offline
versionof the websitethat could be easily referencedr printed. While we could, perhapssimply “zip
up” the HTML files that make up the website,that doesn’treally makeit particularly easyto print or
reference.

We would ask all those that find this document useful
to visit www.8052.comon a regular basis

8052.comis ableto continueoperationdueto the sponsorshipf companieshat presentheir productsto
the 8052 community by way of non-intrusive,non-popupbannerads on the website. Our sponsors’
continuedinterestin 8052.com and subsequensupport,is dependenibn a significant percentageof
8052.comvisitors doing us the favor of clicking on our sponsors’ links.

If this documentis usefulto you, pleaseshowyour supportby visiting www.8052.com periodicallyand
clicking on thosebanneradsthat are of interestto you. Doing so is what makesthis documentandthe
8052.comwebsite possible.

In addition, you'll find the following features available to you at 8052.com:

1. MESSAGE FORUM & COMMUNITY . The public message forum
(http://www.8052.com/forum) is an ideal placeto discuss8052-relatedquestionsand projects
with other 8052 gurus. Not only are many expertsreadyto give you free advice online, the
55,000+messagegpostedover the last five yearsprovide a vastlibrary in which you may find
that your question has already been answered.

2. ONLINE STORE. 8052.comoffers an Online Store where you may purchaseproductsfrom
many popular 8052 vendors, such as Keil, Phytec, Phyton, Raisonance Rigel, and Vault

Information Services. At the time of this writing, all products are subject to a 10% discount off of

the normal price that thesecompaniesharge—makin@052.comthe bestplaceto acquireyour
8052 SBCs, compilers, IDEs, and part programmers. You may visit the Online Store at
http://www.8052.com/store

3. 8052NEWS. Many 8052-productvendorssubmit their news releasedirectly to 8052.com.
When you visit 8052.com, you have access to the latest breaking news in the 8052 market.

4. 8052HOME PAGES. 8052.comoffers you a placeto publish your 8052-relatechome page.
With 8052.comHome Pagesyou may publish your 8052-relatedsoftwareor hardwareso that
othersin the 8052 community may benefit from your contribution. Of course,you may also
browse and learn from other users’ 8052 home pages.
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Foreword

Despiteit’s relatively old age,the 8052is one of the most popularmicrocontrollersin usetoday. Many
derivativemicrocontrollershavesincebeendevelopedhat are basedon--andcompatiblewith--the 8052.
Thus, the ability to programan 8052is animportantskill for anyonewho plansto developproductsthat
will take advantage of microcontrollers.

Many web pages, books, and tools are available to the 8052 developer.

I hopetheinformationcontainedn this documentwill assistyou in mastering8052 programmingWhile
it is not my intentionthatthis documenteplacea traditionalbook purchasedt your local book store, it is
entirelypossiblethatthis maybethe caselt is likely thatthis documentontainseverythingyouwill need
to learn8052assemblyanguageprogrammingOf course this documentis freeandyou getwhatyou pay
for so if, after reading this document, you still are lost you may find it necessary to buy a book.

This documentis both a tutorial and a referenceool. The variouschaptersof the documentwill explain
the 8052 step by step. The chaptersare targetedat peoplewho are attemptingto learn 8052 assembly
languageprogramming.The appendicesare a useful referencetool that will assistboth the novice
programmer as well as the experienced professional developer.

This document assumes the following:

1. A general knowledge of programming.
2. An understanding of decimal, hexadecimal, and binary number systems.
3. A general knowledge of hardware.

Thatis to say,no knowledgeof the 8052is assumed--howevett, is assumegou’ve donesomeamountof
programmingbefore,have a basicunderstandingf hardware,anda firm graspon the threenumbering
systemsmentionedabove.The conceptof convertinga numberfrom decimalto hexadecimabnd/orto
binaryis not within the scopeof this document--andf you can’t do thosetypesof conversionghereare
probably some concepts that will not be completely understandable.

This documentattemptsto addresghe needof the typical programmer.For example,there are certain
featuresthat are nifty andin somecasesvery useful--but95% of the programmerswill neverusethese
featuresTo makethis documenimmoreapplicableto the generalprogrammingpublic somedetailsmay be
skimmed over very briefly--or not at all.

In any case,| hopeyou find this documentuseful.If you haveany questionscommentssuggestionsor
corrections | welcomethemat http://www.8052.com/contact.phtml (I usedto provide a directemail, but
have been forced to discontinue that practice due to excessive spamming).

Happy programming!

Craig Steiner (Author)
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Chapter 1: An Introduction to Microcontrollers

Many developersew to microcontrollers(which the 8052 is) comefrom a PC/Windowsor Macintosh
environment. While most programmingconceptswill transferover to the 8052 environmentwith no
problem, there are some issuesthat a surprising number of people stumble upon as they enter the
microcontrollerworld. Before delving into the details of microcontrollersand, specifically, the 8052,
we’ll address some common stumbling blocks.

1.1 What is a Microcontroller?

A microcontroller (oftenabbreviatedMCU) is a singlecomputerchip (integratedcircuit) thatexecutesa
user program, normally for the purposecohtrolling some devieehence the name miarontroller.

The programis normally containeceitherin a secondchip, calledan EPROM, or within the samechip as
the microcontrolleritself. A microcontrolleris normally found in devicessuchas microwave ovens,
automobiles, keyboards, CD players, cell phones, VCRs, security systems, time & attendance clocks, etc.

Microcontrollersare usedin devicesthat requiresomeamountof computingpower but don’t requireas
much computing power as that provided by a complex (and expensive)486 or Pentiumsystemwhich
generallyrequiresa large amountof supportingcircuitry (large motherboardshundredsof megabyte®f
RAM, hard drives, hard drive controllers,video cards,etc). A microwaveoven just doesn’tneedthat
much computing power.

Microcontroller-basedystemsare generallysmaller,more reliable,and cheaper. They areideal for the
typesof applicationsdescribedabovewherecostandunit sizearevery importantconsiderationsln such
applicationgt is almostalwaysdesirableto producecircuitsthatrequirethe smallestnumberof integrated
circuits, thatrequirethe smallestamountof physicalspacerequiretheleastamountof energy,andcostas
little as possible.

The popularwebsiteHowStuffWorks.comhasa goodarticle that canprovide you with somebackground
information about microcontrollers in generahép://www.howstuffworks.com/microcontroller.htm

1.1.1 Microcontroller Program Storage

The programfor a microcontrolleris normally storedon a memory integratedcircuit (IC), called an
EPROM, or on the microcontroller chip itself.

An EPROM (Electrically Programmablé&readOnly Memory) is a specialtype of integratedcircuit that
doesnothingmorethanstoreprogramcodeor otherdatabut which is maintainedevenwhenthe powerto
the EPROM is turned off. Once you've developedsoftware for a microcontrollerit is normally
programmedor “burned”) into an EPROMchip, andthat chipis subsequentlphysicallyinsertedinto the
circuitry of your hardware. The microcontrolleraccessethe programstoredin the EPROMandexecutes
it. Thusthe programis madeavailableto the microcontrollerwithout the needfor a hard drive, floppy
drive, or any of the other circuitry necessary to access such devices.

In recentyears,moreandmoremicrocontrollersoffer the capability of havingprogramdoadedinternally
into the microcontrollerchip itself. Thus,ratherthanhavinga circuit thatincludesboth a microcontroller
andanexternalEPROMchip, it is now entirely possibleto havea singlemicrocontrollerwhich storesthe
program code internally.
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1.1.2 “Loading” your Microcontroller Program

The mannernn which you transferyour softwarefrom your PCto your hardwaredependon whetheryou
are using an EPROM or are transferring the program directly to the microcontroller.

Programmingan EPROM requiresspecial hardware,called an EPROM Programmer. An EPROM
programmetis a devicethat connectgo your PC, via eitherthe serial, parallel,or USB port. You then
place the EPROM chip into a socketon the device and then use special software that transfersyour
programfrom the PC to the EPROM Programmerwhich in turn “burns” your programinto the chip.
Once your program is burned into the EPROM you remove the EPROM and insert it in your circuit.

Programminga microcontrollerthat storesthe programwithin the microcontrolleritself generallyrequires
a serial port be availablefor downloadingupdatesto the program. Many of thesedeviceshavea “back
door” in thatyou canstill insertthe microcontrollerinto an EPROMProgrammenndloadthe softwareas
describedn the previousparagraph.If you aredesigningyour circuit from scratchhowever,it is oftena
goodideato planfor the possibility of programminghe microcontrollerwithoutremovingthe IC from the
circuit itself—this is especiallytrue of surface-mountparts that may be difficult to remove from the
circuit. The datasheefor the microcontrolleryou chooseto use should provide you the information
necessary to design your circuit for this capability.

1.2 What is an 8051 or 8052?

The 8052 is an 8-bit microcontrolleroriginally developedby Intel in the late 1970s. It included an
instructionsetof 255 operationcodes(opcode$, 32 input/outputlines, threeuser-controllabldimers,an
integratedandautomaticserialport,and 256 bytesof on-chipRAM. The8051is a very similar MCU but
it has only two timers and 128 bytes of on-chip RAM.

The 8052wasdesignedsuchthat control of the MCU andall input/outputbetweerthe MCU and external
devicesis accomplishedria SpecialFunction Registers(SFRs). EachSFRhasan addresdetween128
and 255. Additional functionscan be addedto new derivativeMCUs by addingadditional SFRswhile
remaining compatible with the original 8052. This allows the developerto use the samesoftware
development tools with any MCU that is “8052-compatible.”

Intel wisely licensedtheir “8052 core” to othersemiconductofirms. This allowedthe 8052-architecture
to becomeanindustry-widestandard.Now, morethan20 yearslater,dozenf semiconductocompanies
producemicrocontrollersthat are basedon the original 8052 core. The additional featuresthat each

semiconductor-firnoffersin their MCUs areaccessedby utilizing new SFRsin additionto the standard
and original 8052-SFRs that are found in all 8052-compatible MCUs.

= Warning: While mostmicrocontrollersbasedon the 8052corewill includethe standard

@\ SFRsfrom the 8052 core,somederivativesmay only implementa subseof them.They
may also changethe function of somebits. This is generallynot the case,but it is
something to look out for when using derivative chips.

In this documenttheterm“8052 will referto any MCU thatis compatiblewith the original 8052. As a
minimumit will supportthe 8052 instructionset, supportthe 8052’s26 SFRs,providethreeusertimers,
and have at least 256 bytes of Internal RAM.
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The term “8051" will refer to any 8052-compatibleMCU that doesn’t meet the specificationsin the
previousparagraphrathermirroring Intel’'s 8051 microcontrollerwhich wasa morelimited versionof the
8052. As a minimum, an 8051 mustsupportthe 21 SFRssupporteddy the original 8051 and supportthe
standardB052instructionset. Generallyan 8051 will havetwo usertimersand 128 bytesof RAM on-
chip, although some designs have as little as 64 bytes of on-chip RAM.

1.2.1 Derivative Chips

The term “derivative chip”, in this documentwill referto any 8051 or 8052-compatibleMCU that is
producedby any semiconductoffirm.  There are currently hundredsof derivative chips producedby
dozens of semiconductor firms.

A derivative chip will generally(but not always) be able to executea standard8051 or 8052 program
without modification. A derivative chip must be basedon the 8052 instruction set and supportthe
appropriate SFRs (at least 21 SFRs for an 8051 or 26 for an 8052).

Software developmenttools designedfor the 8052 can always be usedto develop software for any
derivative chip aslong as the programmerexplicitly definesany new SFRsthat are supportedby the
derivative chip that they are using.

1.3 Using Windows or Linux

A surprisingnumberof peopleaskwhetheror not a microcontrolleris Windows-compatibleor if theycan
load Linux on their microcontroller. Thesequestionsdemonstratea fundamentalack of understanding
about what a microcontroller is.

No, a microcontrollercannotrun Windows nor canit run Linux. Nor is a microcontrollerWindows-
compatible,per se. Doesyour microwaveovenrun Linux? Is your automobileWindows-compatible?
These questions are as silly as asking whether a microcontroller runs Windows.

It is importantto rememberwhat microcontrollersare usedfor. A microcontrolleris not a personal
computer. It is anintegratedcircuit thatwill run your programgo control hardwaredevicessuchasthose
mentionedearlier. A microwaveovendoesn’tneedWindowsandyour automobilecertainlydoesn’tneed
Linux to maintain the correct air-fuel mixture.

That said, you can—and many developersdo—use Windows or Linux to develop programs for
microcontrollers. Many Windows productsexist that allow you to write 8052 softwarein the Windows
environmenteven though the software will ultimately be executedby a microcontroller. Once the
softwareis executedby a microcontrollerit doesn’t matter whetherit was originally developedunder
Windows, Linux, or any other operating system.
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Chapter 2. Types of Memory

The 8052 has three very general types of memory. To program the 8052 effectively it is necessary to have
a basic understanding of these memory types.

The memory types are illustrated in the following graphic. TheyGmeChip Memory, Code Memoignd
External RAM

a5l
Compat.
Ilicto

Internal
RN

SFEs

Code Memory is code(or program)memorythatis usedto storethe actualprogram. This oftenresides
off-chip in the form of an EPROM. Many derivative chips allow programstorageon the MCU itself
(Internal CodeMemory) and somemodernderivative chips may not evensupportthe conceptof having
code memory located off-chip.

External RAM is RAM memorythat residesoff-chip. Thisis oftenin the form of standardstaticRAM or
flash RAM.

On-Chip Memory refersto anymemory(Code,RAM, or other)that physicallyexistson the MCU itself.
On-chip memory can be of several types, but we'll get to that shortly.

2.1 Code Memory

Code memoryis the memory that holds the actual 8052 programthat is to be run. This memory is
conventionallylimited to a maximumof 64K andcomesin manyshapesandsizes:Codememorymay be
found on-chip, either burnedinto the microcontrolleras ROM or EPROM or loadedinto flash program
memoryin newerderivatives.Codemay also be storedcompletelyoff-chip in anexternalROM or, more
commonly,anexternalEPROM.Flashmemoryis anothempopularmethodof storinga program. Various
combinationsof thesememorytypesmay also be used--thats to say, it is possibleto have4K of code
memoryon-chipand 64k of codememoryoff-chipin an EPROM, dependingon the derivativechip that
you use.

Whenthe programis storedon-chip,the 64K maximumis often reducedto 1k, 2k, 4k, 8k, 16k, or 32k.
This variesdependingon the derivativechip thatis beingused Eachderivativeoffers specificcapabilities
andoneof thedistinguishingfactorsfrom derivativeto derivativeis how muchon-chipcodememorythe
part has.
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However,the codememoryof a “classic” 8052systemis usuallyoff-chip EPROM.This is especiallytrue
in low-costdevelopmensystemsandin systemsdevelopedy studentswherelearninghow to interface
with off-chip memory is part of the exercise.

=~ Programming Tip: Sincecodememoryis restrictedto 64K, 8052programsarelimited

/@\ to 64K. Somecompilersoffer waysto getaroundthis limit whenusedwith specially
wired hardwareand a techniqueknown as “memory banking.” However,without such
special compilers and hardware, programs are limited to 64K.

Hardware Tip: SomemanufacturersuchasDallas,Intel and Philips havespecial3052
derivatives that can address several megabytes of memory.

2.2 External RAM
Although 8052s contain a small amount of on-chip RAM (see below), External RAM is also supported.

As the name suggestsExternalRAM is any randomaccessmemorythat is found off-chip. Sincethe
memoryis off-chip the assemblylanguageinstructionsto accessit are slower and less flexible. For
exampleto incrementan Internal RAM locationby 1 requiresonly 1 instructionand1 instructioncycle.
To incrementa 1-byte value storedin ExternalRAM requires4 instructionsand 7 instructioncycles.In
this case, external memory is 7 times slower and requires 4 times as much program memory!

What ExternalRAM losesin speedandflexibility it gainsin quantity. While Internal RAM is normally
limited to 256 bytes (128 with 8051’s), the 8052 supports External RAM up to 64K.

~=+ Programming Tip: The8052mayonly addres$64k of RAM. To expandRAM beyond

'@C this limit requiresprogrammingandhardwardricks. You mayhaveto do this "by hand"
sincemanycompilersandassemblersyhile providingsupportfor programsn excesof
64k, do not supportmorethan64k of RAM. This is ratherstrangesinceit hasbeenmy
experiencehat programscanusuallyfit in 64k but often RAM is what is lacking. Thus
if youneedmorethan64k of RAM, checkto seeif your compilersupportsit-- but if it
doesn't, be prepared to do it by hand.

-

2.3 On-Chip Memory

As mentionedht the beginningof this chapterthe 8052includesa certainamountof on-chipmemory.On-
chip memoryis really one of two types:Internal RAM and Special Function Register (SFR)memory.
The layout of the 8052's internal memory is presented in the following memory map:
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Description Addyr

Reg. Bank 8 IRGIRIIRZIRIIRAIRSIRGIRZ] B0
Reg. Bank 1 IEGIEIIRZIRSIRZIRSIREIRZN 98
Reg. Bank 2 IRGIRIIEEIRSIEEIRSIREIRA] 19
Reg. Bank 3 IEGIEIIRZIRSIREIRSIREIR2N 18
Bits 88-3F l1AAlAsl1AlHRIZzAl2R1zAN3R 1 20
Bits 48-7F l4alaglchlcalaalaal?al?al 28

1 138
1 19F
1 Fwtoandad | lcar RAR 1868 1 1
] SrLn L o I FF 1 ]

2.3.1 Internal RAM

As canbe seenthe 8052 hasa bankof 256 bytesof Internal RAM. This InternalRAM is found on-chip
within the 8052 so it is the fastestRAM available,andit is alsothe mostflexible in termsof reading,
writing, and modifying its contents.Internal RAM is volatile so whenthe 8052 is resetthis memoryis
undefined.

The 256 bytesof InternalRAM aresubdividedasshownin the memorymap.Thefirst 8 bytes(00h- 07h)
are'registerbank0". By manipulatinga certainSFR,a programmay chooseo useregisterbankso, 1, 2,
or 3. Thesealternativeregisterbanksare locatedin internal RAM in addresse®8h through1Fh. We'll
discuss'registerbanks"morein alaterchapterFor nowit is sufficientto know thatthey"live" in andare
part of Internal RAM.

Bit Memory alsolives in andis part of InternalRAM. We'll talk moreaboutbit memoryvery shortly, but
for now just keepin mind that bit memoryactuallyresidesn internal RAM, from addresse20hthrough
2Fh.

Keepin mind thatall of InternalRAM is byte-widememory,regardles®f whetherit is usedby register
banksor bit memory. The InternalRAM allocatedto registerbanksl, 2, and3 andbit memorymay be
used for your own use if you will not being using those register banks and/or bit variables.

The 208 bytes remaining of Internal RAM, from addresses30h through FFh, may be used by user
variables that need to be accessedrequently or at high-speed.This areais also utilized by the
microcontroller as a storage area for the operating stack. This fact severely limits the 8052’s stack since, as
illustratedin the memorymap,the areareservedor the stackis only 208 bytes--andusuallyit is lesssince

these 208 bytes have to be shared between the stack and user variables.

~=  Programming Note: While the 8052has256 bytesof InternalRAM, the 8051only has
/@\ 128 bytesof Internal RAM—further restrictingthe amountof RAM availableon-chip
for user variables and the operating stack.
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2.3.1.2 The Stack

Thestackis a*“last in, first out” (LIFO) storageareathatexistsin InternalRAM. It is usedby the8052to
storevaluesthat the userprogrammanuallypushesonto the stackaswell asto storethereturnaddresses
for CALLs and interrupt service routines (more on these topics later).

The stack is defined and controlled by a Special Function Register called the Stack Pointer, or SP. SP, as a
standardB-bit SFR,holdsa valuebetweer0 and 255 thatrepresentshe InternalRAM addresf the end

of the currentstack.If avalueis removedfrom the stack,it will betakenfrom the InternalRAM address
pointedto by SPand SPwill subsequentlype decrementetby 1. If avalueis pushedontothe stack,SP

will first beincrementedaindthenthevaluewill beinsertedin InternalRAM atthe addressiow pointedto

by SP.

SPis initialized to 07h when an 8052 is first booted. This meansthe first valueto be pushedonto the
stack will be placed at Internal RAM address 08h (07h + 1), the second will be placed at 09h, etc.

the microcontrolleris booted.This meansthat the stackwill start at address08h and
expandupwards. If you will be usingthe alternateregisterbanks(banks1, 2 or 3) you
mustinitialize the stackpointerto an addressabovethe highestregisterbankyou will be
using, otherwisethe stackwill overwriteyour alternateregisterbanks.Similarly, if you
will be usingbit variablesit is usuallya goodideato initialize the stackpointerto some
valuegreaterthan 2Fh to guaranteahat your bit variablesare protectedrom the stack.
We will talk about the register banks and Bit Memory below.

Q Programming Tip: By default,the 8052initializes the StackPointer(SP)to 07hwhen

2.3.1.3 Register Banks

The 8052 uses 8 "R" registers which are used in many of its instructions. These "R" registers are numbered
from O through7 (RO, R1, R2,R3, R4, R5, R6, andR7) andaregenerallyusedto assistin manipulating
valuesandmoving datafrom onememorylocationto another.For example to addthe valueof R4 to the
Accumulator, we would execute the following assembly language instruction:

Thusif the Accumulator(A) containedhe value 6 andR4 containedhe value 3, the Accumulatorwould
contain the value 9 after this instruction was executed.

However,asthe memorymapshows the"R" RegisterR4 is really partof InternalRAM. Specifically,R4
is addres®94h of Internal RAM. This canbe seenin the brightgreensectionof the memorymap.Thusthe
above instruction accomplishes the same thing as the following operation:

This instruction addsthe value found in Internal RAM address04h to the value of the Accumulator,
leavingtheresultin the Accumulator.SinceR4 is really InternalRAM addres®4h,the aboveinstruction
effectively accomplishes the same thing as the previous ADD instruction.

But watchout! As the memorymap shows,the 8052 hasfour distinct registerbanks.Whenthe 8052is
first bootedup registerbank O (addresse®0h through07h) is usedby default. However,your program
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may instructthe 8052to useoneof the alternateregisterbanks;i.e., registerbanksl, 2, or 3. In this case,
R4 will no longerbe the sameasInternal RAM addres94h. For example,if your programinstructsthe
8052to useregisterbankl, registerR4 will now be synonymouswith InternalRAM addres©Ch. If you
selectregisterbank?2, R4 is synonymouswith 14h,andif you selectregisterbank3 it is synonymouswith
address 1Ch.

The registerbankis selectedby settingor clearingthe bits RSO and RS1in the ProgramStatusWord
(PSW) Special Function Register. For example:

The above instructions will make more sense after we cover the topics of Special Function Registers.

The conceptof registerbanksaddsa greatlevel of flexibility to the 8052, especiallywhen dealingwith
interrupts (we'll talk aboutinterruptslater). However, always rememberthat the registerbanks really
reside in the first 32 bytes of Internal RAM.

- Programming Tip: If you only use the first register bank (i.e. bank 0), you may use

',@( Internal RAM locations 08h through 1Fh for your own use. If you plan to use register
banks 1, 2, or 3, be very careful about using addresses below 20h as you may end up
overwriting the value of "R" registers from other register banks.

2.3.1.4 Bit Memory

The 8052, beinga communicationsand control-orientedmicrocontrollerthat often hasto dealwith “on”
and“off” situationsgivesthedevelopetheability to access numberof bit variablesdirectly with simple
instructions to set, clear, and compare these bits. These variables may be either 1 or 0.

Thereare 128 bit variablesavailableto the developer,numbereddOh through7Fh. The developermay
makeuseof thesevariableswith commandsuchas SETB andCLR. For example to setbit number24h
(hex) to 1 you would execute the instruction:

It is importantto notethat Bit Memory, like the RegisterBanksabove,is really a partof InternalRAM. In
fact, the 128 bit variablesoccupythe 16 bytesof InternalRAM from 20hthrough2Fh. Thus,if you write
thevalueFFhto InternalRAM addres20hyou’ve effectively setbits 00hthroughO7h. Thatis to saythat
the instruction:

is equivalent to the instructions:
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As illustratedabove,Bit Memoryisn't really a new type of memory.It's really just a subsetof Internal
RAM. Sincethe 8052 providesspecialinstructionsto accesghesel6 bytesof memoryon a bit-by-bit

basisit is usefulto think of it asa separateéype of memory.But alwayskeepin mindthatit is just a subset
of Internal RAM--and that operationsperformedon Internal RAM can changethe values of the bit

variables.

= Programming Tip: If your program does not use bit variables you may use Internal

/@\ RAM locations 20h through 2Fh for your own use. If you plan to use bit variables be
very careful about using addresses from 20h through 2Fh as you may end up overwriting
the value of your bits.

Programming Tip: By default,the 8052initializes the StackPointer(SP)to 07hwhen
the microcontrolleris booted.This meansthat the stackwill start at address08h and
expandupwards.If you will be usingthe alternateregisterbanks(banksl, 2 or 3) you
mustinitialize the stackpointerto an addressabovethe highestregisterbankyou will be
using, otherwisethe stackwill overwriteyour alternateregisterbanks.Similarly, if you
will be usingbit variablesit is usuallya goodideato initialize the stackpointerto some
value greater than 2Fh to guarantee that your bit variables are protected from the stack.

While Bit Memory 00hthrough7Fh arefor developer-definedunctionsin their programs, Bit Memory
80h and aboveare usedto accessertain SFRs(seebelow) on a bit-by-bit basis.For example,if output
lines P0.0 throughP0.7 are all clear (0) and you want to turn on the P0.1 outputline you may either
execute:

or you may execute:

Both of theseinstructionsaccomplistthe samething. However,usingthe SETB commandwill turnonthe
P0.0line without affectingthe statusof any of the otherP0O outputlines. The MOV commandeffectively
turns off all the other output lines which, in some cases, may not be acceptable.

Whendealingwith bit addressesf 80handaboveremembethatthe bits referto thebits of corresponding
SFRsthataredivisible by 8. Thisis a complicatedway of sayingthatbits 80hthrough87hreferto bits 0
through7 of SFR80h. Bits 88hthrough8Fhreferto bits 0 through7 of SFR88h. Bits 90hthrough97f
refer to bits O through 7 of 90h, etc.

2.3.2 Special Function Register (SFR) Memory

Special Function Registers(SFRs) are areasof memorythat control specific functionality of the 8052
MCU. For example,four SFRspermit accessto the 8052’s 32 input/outputlines (8 lines per SFR).
AnotherSFRallows a programto reador write to the 8052’sserial port. Other SFRsallow the userto set
the serial baud rate, control and access timers, and configure the 8052’s interrupt system.

Whenprogramming SFRshavetheillusion of beingInternalMemory. For examplejf you wantto write
the value "1" to Internal RAM location 50h you would execute the instruction:
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Similarly, if you wantto write the value"1" to the 8052’s serial port you would write this value to the
SBUFSFR,which hasan SFRaddres®f 99 Hex. Thus,to write the value"1" to the serialport you would
execute the instruction:

As you cansee,it appearsasif the SFRis partof InternalMemory.This is not the case Whenusingthis
methodof memory accesq(it's called “direct address”,more on that soon),any instructionthat hasan
addres®of 00hthrough7Fhrefersto aninternal RAM memoryaddressanyinstructionwith anaddres®f
80h through FFh refers to an SFR control register.

Q Programming Tip #1 SFRsareusedto controlthe way the 8052 functions.EachSFR

A hasa specific purposeand format that will be discussedater. Not all addresseabove
80h are assignedo SFRs.However,this areamay NOT be usedas additional RAM
memory even if a given address has not been assigned to an SFR.

Programming Tip #2: Sincedirectaccesdo addresse80hthroughFFhrefersto SFRs,
direct accesscannotbe usedto accesdnternal RAM addresse80h throughFFh. The
upper128bytesof Internal RAM mustbe accessedising“Indirect Addressing”which
will be explained in a subsequent chapter.
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Chapter 3: Special Function Registers (SFRSs)

The8052is aflexible microcontrollerwith arelatively largenumberof modesof operation.Your program
may inspectand/or changethe operatingmode of the 8052 by manipulatingthe valuesof the Special
Function Registers(SFRs).

SFRsare accessedas if they were normal Internal RAM. The only differenceis that Internal RAM is
addressedn “direct mode” with addresse®0h through 7Fh whereasSFR registersare accessedn the
range of 80h through FFh.

Each SFR has an address(80h through FFh) and a name. The following chart provides a graphical
presentation of the 8052's SFRs, their names, and their address.

88 a7
88 8F
78 27
28 9F
A8 A7
A8 AF
BA B?
B8 B9
ca ;7
c8 CF
Da D?
D8 DF
EA E?
E8 EF
Fa F?
F8 FF

Blue background are I-0 port SFRs
Yellow background are control SFRs
Green backgrowund are other SFRs

As you can see, although the address range of 80h through FFh offer 128 possible addresses, there are only
26 SFRsin astandard052(21 with an8051).All otheraddressem the SFRrange(80hthroughFFh)are
considered invalid. Writing to or reading from these registers may produce undefined values or behavior.

~= Programming Tip: It is recommendedhatyou not reador write to SFRaddressethat

}@C havenot beenassignedo an SFR.Doing so may provokeundefinedbehaviorand may
causeyour programto be incompatiblewith other 8052-derivativeghat usethe given
SFR for some other purpose.

8052 Tutorial & Reference — © Copyright 1997-2004 Vault Information Services LLC Pgl7
www.8052.com The Online 8052 Resource



3.1 Referencing SFRs

When writing code in assembly language, SFRs may be referenced either by their name or their address.

For example we canseein the chartabovethat the SBUF SFRis at addres®9h. If we wantedto write
code that would write the value 24h to the SBUF SFR in assembly language, we could code it as:

This instructionmovesthe value24hinto addres®9h. Sincethevalue99his in the rangeof 80h-FFh,it
refers to an SFR. Further, since 99h refers to the SBUF SFR we know that this instruction will accomplish
our goal of writing the value 24h to the SBUF SFR.

While the aboveinstructioncertainly works, it is not necessarilyeasyto remembeithe addressof each
SFRwhenyou arewriting software. Thus,all 8052assemblersllow you to usethe nameof the SFRin
code rather than its numeric address. The above instruction would more commonly be written as:

Theinstructionis mucheasierto readsinceit is obviousthe SBUF SFRis beingaccessedTheassembler
will automatically convert this to its numeric address at assemble-time.

3.2.1 Referencing Bits of SFRs

Individual bits of SFRsare referencedn one of two ways. The generalconventionis to namethe SFR
followed by a periodandthe bit number. For example SCON.Orefersto bit O (the leastsignificantbit) of
the SCON SFR. SCON.7 refers to bit 7 (the most significant bit) of SCON.

Thesebits alsohavenames SCON.Ois Rl andSCON.7is SMO. It is alsoacceptabléo referto thebits by
their name,althoughin this documentwve will usuallyreferto themin the SCON.Oformatsincethattells
you which bit in which SFR you are dealing with.

3.3 Bit-Addressable SFRs

All SFRsthat have addresseslivisible by 8, suchas 80h, 88h, 90h, 98h, etc. are bit-addressable.This
means that you can set or clear individual bits of these SFRs using the SETB and CLR instruction.

= Programming Tip: The SFRswhosenamesappeairin redin the chartaboveare SFRs

/@\ thatmaybe accessedia bit operationsthesealsohapperto bethefirst columnof SFRs
on theleft sideof the chartsincethe left-mostcolumnis divisible by 8. The otherSFRs
cannot be accessed using bit operations such as SETB or CLR.

3.3 SFR Types

As mentionedn the chartitself, the SFRsthat havea blue backgroundare SFRsrelatedto the I/O ports.
The 8052 hasfour 1/0O portsof 8 bits, for a total of 32 1/0 lines. Whethera given /O line is high or low
and the value read from the line are controlled by the SFRs in green.
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The SFRswith yellow backgroundsre SFRsthatin someway controlthe operationor the configuration
of some aspect of the 8052. For example, TCON controls the timers, SCON controls the serial port.

The remaining SFRs, with green backgroundsare "other SFRs." These SFRs can be thought of as
auxiliary SFRsin the sensethat they don't directly configure the 8052 but obviously the 8052 cannot
operatewithout them. For example,oncethe serial port hasbeenconfiguredusing SCON, the program
may read or write to the serial port using the SBUF register.

3.4 SFR Descriptions

This sectionwill endeavoto quickly overvieweachof the standardSFRsfound in the aboveSFR chart
map.lt is not the intentionof this sectionto fully explainthe functionality of eachSFR--thisinformation
will be coveredin separatehaptersof the tutorial. This sectionis to just give you a generalideaof what
each SFR does.

PO (Port 0, Address 80h, Bit-Addressable) Thisis input/outputport 0. Eachbit of this SFRcorresponds
to oneof the pinsonthe microcontroller.For example pit O of port0 is pin P0.0,bit 7 is pin PO.7.Writing
avalueof 1 to abit of this SFRwill seta highlevelonthe corresponding/O pin whereasa valueof 0 will
bring it to a low level.

hardwareausesexternalRAM or externalcodememory(i.e., your programis storedin an
externaROM or EPROMCchip or if youareusingexternalRAM chips)youmay notuse
POor P2.Thisis becaus¢he 8052usesportsPOandP2to addresshe externalmemory.
Thusif you are using externalRAM or code memoryyou may only use ports P1 and
most of P3 for your own use.

Q Programming Tip: While the 8051 hasfour I/O ports (PO, P1, P2, and P3), if your
L

SP (Stack Pointer, Address 81h): This is the stack pointer of the microcontroller.This SFR indicates
wherethe next valueto be takenfrom the stackwill be readfrom in InternalRAM. If you pusha value
ontothe stack,the valuewill bewritten to theaddresof SP+ 1. Thatis to say,if SPholdsthevalue07h,

a PUSH instruction will pushthe value onto the stack at address08h. This SFR is modified by all

instructionsthat modify the stack,suchasPUSH,POP,LCALL, RET, RETI, andwhenevelinterruptsare
triggered by the microcontroller.

= Programming Tip: The SP SFR,on startup,is initialized to 07h. This meansthe stack

/@\ will startat 08h and startexpandingupwardin internal RAM. Since alternateregister
banksl, 2, and3 aswell asthe userbit variablesoccupyinternal RAM from addresses
08hthrough2Fh, it is necessaryo initialize SPin your programto someothervalueif
you will be usingthe alternateregisterbanksand/orbit memory.It's not a bad ideato
initialize SPto 2Fh asthe first instructionof everyoneof your programsunlessyou are
100% sure you will not be using the register banks and bit variables.

DPL/DPH (Data Pointer Low/High, Addresses82h/83h) The SFRsDPL and DPH work togetherto
represent 16-bit value called the DataPointer.The datapointeris usedin operationsegardingexternal
RAM andsomeinstructionsinvolving codememory.Sinceit is anunsignedwo-byteintegervalue,it can
represent values from 0000h to FFFFh (0 through 65,535 decimal).

8052 Tutorial & Reference — © Copyright 1997-2004 Vault Information Services LLC Pgl19
www.8052.com The Online 8052 Resource



- Programming Tip: DPTRIs really DPH and DPL takentogetheras a 16-bit value.In

Q\' reality, you almostalwayshaveto dealwith DPTR one byte at a time. For example to

pushDPTR onto the stackyou mustfirst pushDPL and then DPH. You can'tsimply
pushDPTR ontothe stack. Additionally, thereis aninstructionto "incrementDPTR."

Whenyou executethis instruction,the two bytesare operatedupon as a 16-bit value.
However thereis noinstructionwhich decrement®PTR. If you wish to decrementhe

value of DPTR you mustwrite your own codeto do so. DPTR is a useful storage
location for the occasional 16-bit value you are manipulating in your own

code—especially if you frequently need to increment that value.

= Code Library: You will find a “Decrement DPTR” source code at the 8052.com Code
= Library athttp://www.8052.com/codelib.phtml

PCON (Power Control, Addresses87h). The PowerControl SFRis usedto control the 8052'spower
controlmodes.Certainoperationmodesof the 8052 allow the 8052to go into atype of "sleep"modethat
requiresmuchlesspower. Thesemodesof operationare controlledthroughPCON. Additionally, one of
the bits in PCON is used to double the effective baud rate of the 8052's serial port.

TCON (Timer Control, Addresses88h, Bit-Addressable) The Timer Control SFRis usedto configure
and modify the way in which the 8052'stwo basictimersoperate This SFR controlswhethereachof the
two timers is running or stoppedand containsa flag to indicate that each timer has overflowed.
Additionally, somenon-timerrelatedbits arelocatedin the TCON SFR.Thesebits areusedto configure
theway in which the externalinterruptsare activatedandalsocontainthe externalinterruptflags that are
set when an external interrupt has occurred.

T2CON (Timer Control 2, AddressesC8h, Bit-Addressable) The Timer Control 2 SFRis usedto
configureand control the way in which timer 2 operates. This SFRis only availableon 8052s,not on
8051s.

TMOD (Timer Mode, Addresses89h): The Timer Mode SFRis usedto configurethe modeof operation
of eachof the two timers.Using this SFRyour programmay configureeachtimer to be a 16-bit timer, an
8-bit auto-reloadimer, a 13-bittimer, or two separatdimers.Additionally, you may configurethetimers
to only count when an external pin is activated or to count "events" that are indicated on an external pin.

TLO/THO (Timer O Low/High, AddressesBAh/8Bh): Thesetwo SFRstakentogetherrepresentimer 0.
Their exactbehaviordependn how the timer is configuredin the TMOD SFR;however,thesetimers
always count up. What is configurable is how and when they increment in value.

TL1/TH1 (Timer 1 Low/High, Addresses8Ch/8Dh). Thesetwo SFRs takentogetheryepresentimer 1.
Their exactbehaviordependn how the timer is configuredin the TMOD SFR;however,thesetimers
always count up. What is configurable is how and when they increment in value.

TL2/TH2 (Timer 2 Low/High, AddressesCCh/CDh): Thesetwo SFRs,takentogether representimer
2. Their exact behavior depends on how the timer is configured in the T2CON SFR.

RCAP2L/RCAP2H (Timer 2 Capture Low/High, Addresses CAh/CBh): Thesetwo SFRs,taken
together,representthe timer 2 “capture” register. It may be usedas a reload value for timer 2, or to
capturethe value of timer 2 undercertain circumstances.The exactpurposeand function of thesetwo
SFRs depends on the configuration of T2CON.
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P1(Port 1, Address90h, Bit-Addressable) Thisis input/outputport 1. Eachbit of this SFRcorresponds
to oneof the pinsonthe microcontroller.For examplepit O of port 1 is pin P1.0,bit 7 is pin P1.7.Writing
avalueof 1 to abit of this SFRwill senda high level on the correspondind/O pin whereasa valueof 0
will bring it to a low level.

SCON (Serial Control, Addresses98h, Bit-Addressable} The Serial Control SFRis usedto configure
the behaviorof the 8052'son-boardserial port. This SFR controlshow the baudrate of the serialport is
determinedwhetherthe serial portis activatedto receivedata,andalso containsflagsthat aresetwhena
byte is successfully sent or received.

= Programming Tip: To usethe 8052'son-boardserial port, it is generallynecessaryo

/Q\ initialize the following SFRs: SCON, TCON, and TMOD. This is becauseSCON
controlsthe serial port but in mostcaseghe programwill wish to useoneof thetimers
to establishthe serialport'sbaudrate.In this case,it is necessaryo configuretimer 1 or
timer 2 by initializing TCON and TMOD, or T2CON.

SBUF (Serial Control, Addresses99h): The Serial Buffer SFRis usedto sendandreceivedatavia the
on-boardserialport. Any valuewritten to SBUF will be sentout the serialport'sTXD pin. Likewise,any
value which the 8052 receivesvia the serial port's RXD pin will be deliveredto the userprogramvia
SBUF. In otherwords, SBUF actsasif it werereally two registers,one which servesas the outputport
when written to and the other which serves as the input port when read from.

P2 (Port 2, Address AOh, Bit-Addressable) Thisis input/outputport 2. Eachbit of this SFRcorresponds
to oneof the pinsonthe microcontroller.For example pit 0 of port2 is pin P2.0,bit 7 is pin P2.7.Writing
avalueof 1 to abit of this SFRwill senda high level on the correspondind/O pin whereasa valueof 0
will bring it to a low level.

= Programming Tip: While the 8052 hasfour I/O port (PO, P1, P2, and P3), if your

/@\ hardwareusesexternalRAM or externalcodememory(i.e., your programis storedin an
externaROM or EPROMCchip or if youareusingexternalRAM chips)youmay notuse
POor P2.Thisis becaus¢he 8052usesportsPOandP2to addresshe externalmemory.
Thusif you areusingexternalRAM or codememoryyou may only useportsP1andP3
for your own use.

IE (Interrupt Enable, AddressesA8h): The InterruptEnableSFRis usedto enableanddisablespecific
interrupts.Thelow 7 bits of the SFRareusedto enable/disabléhe specificinterrupts whereasthe highest
bit is usedto enableor disableALL interrupts.Thus,if the high bit of IE is O all interruptsare disabled
regardless of whether an individual interrupt is enabled by setting a lower bit.

P3 (Port 3, Address BOh, Bit-Addressable) Thisis input/outputport 3. Eachbit of this SFRcorresponds
to oneof the pinsonthe microcontroller.For example pit O of port 3 is pin P3.0,bit 7 is pin P3.7.Writing
avalueof 1 to abit of this SFRwill senda high level on the correspondind/O pin whereasa valueof 0
will bring it to a low level.

IP (Interrupt Priority, AddressesB8h, Bit-Addressable) The InterruptPriority SFRis usedto specify
therelative priority of eachinterrupt.On the 8052,an interruptmay eitherbe of low (0) priority or high
(1) priority. An interruptmay only interruptinterruptsof lower priority. For examplejf we configurethe
8052sothatall interruptsare of low priority exceptthe serialinterrupt,the serialinterruptwill alwaysbe
ableto interruptthe system evenif anotherinterruptis currentlyexecutingHowever,if a serialinterrupt
is executingno otherinterruptwill beableto interruptthe serialinterruptroutinesincethe serialinterrupt
routine has the highest priority.
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PSW (Program Status Word, AddressesDOh, Bit-Addressable} The ProgramStatusWord is usedto

storea numberof importantbits that aresetandclearedby 8052instructions.The PSW SFRcontainsthe
carry flag, the auxiliary carry flag, the overflow flag, andthe parity flag. Additionally, the PSW register
containsthe registerbankselectflagsthat areusedto selectwhich of the"R" registerbanksare currently
selected.

= Programming Tip: If you write an interrupthandlerroutine, it is a very goodideato

/@\ alwayssavethe PSW SFR on the stackand restoreit whenyour interruptis complete.
Many 8052 instructionsmodify the bits of PSW. If your interrupt routine does not
guarante¢hat PSWis the sameuponexit asit wasuponentry your programis boundto
behaverather erratically and unpredictably--andt will be tricky to debugsince the
behavior will tend not to make any sense.

ACC (Accumulator, AddressestOh, Bit-Addressable). The Accumulatoris one of the most-used5FRs
onthe 8052sinceit is involvedin somanyinstructions.The Accumulatorresidesasan SFRat EOhwhich
meangheinstructionMOV A #20his the sameasMOV EOh #20hHowever,it is a goodideato usethe
first method since it only requires two bytes whereas the second option requires three bytes.

B (B Register,AddressesFOh, Bit-Addressable) The"B" registeris implicitly usedin two instructions:
the multiply anddivide operationsThe B registeris alsocommonlyusedby programmerssan auxiliary
register to store temporarily values.

3.5 Other SFRs

The chartat the beginningof this chapteris a summaryof all the SFRsthatexistin a standard3052.All
derivativemicrocontrollersof the 8052 mustsupportthesebasicSFRsin orderto maintaincompatibility
with the underlying MCS-51 standard.

A commonpracticewhensemiconductofirms wish to developa new 8052derivativeis to addadditional

SFRsto supportnew functions that exist in the new chip. For example,the Dallas Semiconductor
DS80C320s upwardcompatiblewith the 8052. This meanghatany programthatrunson a standardB052

shouldrun without modificationon the DS80C320.This alsomeansthatall the SFRsdefinedabovealso

apply to the Dallas component.

However,sincethe DS80C32(providesmanynew featureghatthe standard8052doesnot, theremustbe
someway to control and accesshesenew features.This is accomplishedy addingadditional SFRsto
thoselisted here.For example,sincethe DS80C320supportstwo serial ports (asopposedo just oneon
the 8052),the SFRsSBUF2and SCON2havebeenadded.In additionto all the SFRslisted above,the
DS80C320alsorecognizeghesetwo new SFRsasvalid andusestheir valuesto determinethe mode of
operationof the secondaryserial port. Obviously, thesenew SFRshavebeenassignedo SFRaddresses
thatwereunusedn the original 8052.In this mannernew 8052derivativechipsmay be developedvhich
will run existing 8052 programs.
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= Programming Tip: If you write a programthat utilizes new SFRsthatare specificto a

@\ givenderivative chip andnotincludedin the aboveSFRIist, your programwill notrun

properlyon a standardB052wherethat SFRdoesnot exist. Thus,only usenon-standard
SFRsif you are sure that your program will only have to run on that specific

microcontroller. Likewise, if you write code that uses non-standardSFRs and

subsequentlghareit with a third-party,be sureto let that party know that your codeis

using non-standardSFRsto savethem the headacheof realizing that due to strange
behavior at run-time.
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Chapter 4: Basic Registers

A number of 8052 registers can be considered “basic.” Very little can be done without them and a detailed
explanationof eachoneis warrantedto make surethe readerunderstandsheseregistersbefore getting
into more complicated areas of development.

4.1 The Accumulator

If you've worked with any other assemblylanguageyou will be familiar with the conceptof an
accumulator register.

The Accumulator,asits namesuggestsis usedas a generalregisterto accumulatehe resultsof a large
numberof instructions.It canhold an 8-bit (1-byte) valueandis the mostversatileregisterthe 8052 has

due to the sheer number of instructions that make use of the accumulator. More than half of the 8052’s 255
instructions manipulate or use the Accumulator in some way.

Forexamplejf youwantto addthe numberl0 and20, the resulting30 will be storedin the Accumulator.

Onceyou havea valuein the Accumulatoryou may continueprocessinghe valueor you may storeit in
another register or in memory.

4.2 The "R" registers

The "R" registers are sets of eight registers that are named RO, R1, through R7.

Theseregistersare usedas auxiliary registersin many operations.To continuewith the aboveexample,
perhapsg/ou areadding10and20. The original number10 maybe storedin the Accumulatorwhereashe
value 20 may be stored in, say, register R4. To process the addition you would execute the command:

After executing this instruction the Accumulator will contain the value 30.

You may think of the "R" registersasvery importantauxiliary, or "helper", registers.The Accumulator
alone would not be very useful if it were not for these "R" registers.

The "R" registersare also usedto storevaluestemporarily.For example,let’'s say you want to add the
values in R1 and R2 together and then subtract the values of R3 and R4. One way to do this would be:

As you can see,we usedR5 to temporarily hold the sum of R3 and R4. Of course,this isn’'t the most
efficientway to calculate(R1+R2)- (R3 +R4) butit doesillustratethe useof the"R" registersasa wayto
store values temporarily.
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As mentionecearlier,therearefour setsof “R” registers—registebank0, 1, 2, and3. Whenthe 8052is
first poweredup, registerbank0 (addresse®80hthrough07h)is usedby default.In this casefor example,
R4 is thesameasinternalRAM addres®4h. However,your programmay instructthe 8052to useone of
the alternateregisterbanks;i.e., registerbanksl, 2, or 3. In this case,R4 will no longerbe the sameas
InternalRAM addres®4h.Forexamplejf your programinstructsthe 8052to useregisterbankl, register
R4 will now be synonymouswith Internal RAM addressOCh. If you selectregisterbank 2, R4 is
synonymous with 14h, and if you select register bank 3 it is synonymous with address 1Ch.

The conceptof registerbanksaddsa greatlevel of flexibility to the 8052, especiallywhen dealingwith
interrupts (we'll talk aboutinterruptslater). However, always rememberthat the registerbanks really
reside in the first 32 bytes of Internal RAM.

4.3 The "B" Register

The "B" register is very similar to the Accumulator in the sense that it may hold an 8-bit (1-byte) value.

The"B" registeris only usedimplicitly by two 8052 instructions:MUL AB andDIV AB. Thus,if you
wantto quickly andeasilymultiply or divide A by anothemumber you may storethe othernumberin "B"
and make use of these two instructions.

Asidefrom the MUL andDIV instructionsthe"B" registeris often usedasyet anothertemporarystorage
register much like a ninth "R" register.

4.4 The Program Counter (PC)

The ProgramCounter(PC)is a 2-byteaddresghat tells the 8052wherethe nextinstructionto executes
foundin memory.Whenthe 8052is initialized PC alwaysstartsat 0000handis incrementedeachtime an
instructionis executed.lt is importantto note that PC isn’t alwaysincrementedby one. Since some
instructions are 2 or 3 bytes in length the PC will be incremented by 2 or 3 in these cases.

The ProgramCounteris specialin that thereis no way to directly modify its value. Thatis to say,you
can’'t do somethinglike PC=2430h.0n the other hand,if you executeLIMP 2430hyou’'ve effectively
accomplished the same thing.

It is alsointerestingto notethatwhile you may changethe value of PC (by executinga jump instruction,
etc.)thereis noway to readthe valueof PC. Thatis to say,thereis noway to askthe 8052"Whataddress
areyou aboutto execute?'As it turnsout, this is not completelytrue: Thereis onetrick that maybe used
to determine the current value of PC. This trick will be covered in a later chapter.

4.5 The Data Pointer (DPTR)

The Data Pointer (DPTR) is the 8052’s only user-accessiblé&6-bit (2-byte) register.The Accumulator,
"R" registers,and "B" registerare all 1-byte values. The PC just describedis a 16-bit value but isn’'t
directly user-accessible as a working register.

DPTR, asthe namesuggestsis usedto point to data.lt is usedby a numberof commandghatallow the
8052to accessexternalmemory.Whenthe 8052 accessesxternalmemoryit accessethe memoryat the
address indicated by DPTR.

8052 Tutorial & Reference — © Copyright 1997-2004 Vault Information Services LLC Pg25
www.8052.com The Online 8052 Resource



While DPTR is mostoften usedto point to datain externalmemoryor code memory,many developers
take advantageof the fact thatit's the only true 16-bit registeravailable.lt is often usedto store2-byte
values that have nothing to do with memory locations.

4.6 The Stack Pointer (SP)

The StackPointer,like all registersexceptDPTR and PC, may hold an 8-bit (1-byte) value. The Stack
Pointer is used to indicate where the next value to be removed from the stack should be taken from.

Whenyou pusha valueonto the stack,the 8052first incrementdhe valueof SPandthenstoresthe value
at the resulting memory location.

Whenyou pop a valueoff the stack,the 8052returnsthe valuefrom the memorylocationindicatedby SP,
and then decrements the value of SP.

This order of operationis important. Whenthe 8052 is initialized SP will be initialized to 07h. If you
immediatelypush a value onto the stack, the value will be storedin Internal RAM address08h. This
makessensedakinginto accountwhatwasmentionedwo paragraphsbove:Firstthe 8051 will increment
the value of SP (from 07h to 08h) and then will store the pushed value at that memory address (08h).

SPis modifieddirectly by the 8052by six instructionsPUSH,POP ,ACALL, LCALL, RET,andRETI. It
is alsousedintrinsically wheneveran interruptis triggered(more on interruptslater. Don’t worry about
them for now!).
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Chapter 5: Addressing Modes

As is the casewith all microcomputersfrom the PDP-8 onwards,the 8052 utilizes severalmemory
addressingnodes. An "addressingnode"refersto how you areaccessing“‘addressing”)a givenmemory
location or data value. In summary, the addressing modes are listed below with an example of each:

Immediate Addressing MOV A, #20h

Direct Addressing MOV A,30h

Indirect Addressing MOV A,@RO
External Direct MOVX A,@DPTR
External Indirect MOVX A,@R0

Code Indirect MOVC A,@A+DPTR

Each of these addressing modes provides important flexibility to the programmer.
5.1 Immediate Addressing

Immediateaddressings so-namedbecausehe value to be storedin memoryimmediatelyfollows the
opcode in memory. That is to say, the instruction itself dictates what value will be stored in memory.

For example:

This instructionusesimmediateAddressingbecauseghe Accumulator(A) will be loadedwith the value
that immediately follows; in this case 20h (hexadecimal).

ImmediateAddressingis very fast sincethe value to be loadedis includedin the instruction.However,
sincethe value to be loadedis fixed at compile-timeit is not very flexible. It is usedto load the same,
known value every time the instruction executes.

5.2 Direct Addressing

Direct addressings so-namedecauseahe valueto be storedin memoryis obtainedby directly retrieving
it from another memory location.

For example:

This instructionwill readthe dataout of Internal RAM address30h (hexadecimalland storeit in the
Accumulator (A).

Directaddressings generallyfastsince,althoughthevalueto beloadedisn’t includedin theinstruction,it
is quickly accessiblesinceit is storedin the 8052’s Internal RAM. It is also much more flexible than
ImmediateAddressingsincethe value to be loadedis whateveris found at the given address--whicimay
change.
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Also, it is importantto note that when using direct addressingany instructionthat refersto an address
betweerDOhand 7Fhis referringto InternalRAM. Any instructionthatrefersto anaddres$etweer80h
and FFh is referring to the SFR control registers that control the 8052 itself.

The obviousquestionthat may ariseis, "If direct addressingan addresfrom 80h throughFFh refersto
SFRs,how can | accesghe upper128 bytesof Internal RAM that are availablewith the 8052?" The
answeris: You can’'taccesshemusingdirectaddressingAs stated,if you directly referto anaddresof
80h through FFh you will be referring to an SFR.

However, you may accessthe 8052’s upper 128 bytes of RAM by using the next addressingmode,
"indirect addressing."

5.3 Indirect Addressing

Indirectaddressings avery powerfuladdressingnodethatin manycasegprovidesan exceptionalevel of
flexibility. Indirectaddressings alsothe only way to accesshe upper128 bytesof InternalRAM found
on an 8052.

Indirect addressing appears as follows:

This instruction causesthe 8052 to analyzethe value of the RO register.The 8052 will then load the
Accumulator (A) with the value from Internal RAM that is found at the address indicated by RO.

For example,let’'s supposeR0 holdsthe value 40h and Internal RAM addresst0h holds the value 67h.
Whenthe aboveinstructionis executedhe 8052will checkthe valueof RO. SinceR0 holds40hthe 8052
will getthe value out of Internal RAM addressA0h (which holds 67h) and storeit in the Accumulator.
Thus, the Accumulator ends up holding 67h.

Indirect addressingalwaysrefersto Internal RAM; it neverrefersto an SFR In a prior examplewe

mentionedthat SFR 99h can be usedto write a value to the serial port. Thus one may think that the
following would be a valid solution to write the value ‘1’ to the serial port:

This is not valid. Sinceindirect addressinglwaysrefersto InternalRAM thesetwo instructionswould
write the value 01h to Internal RAM address 99h on an 8052.

Onan8051thesetwo instructionswould producean undefinedresultsincethe 8051 only has128 bytesof
Internal RAM.

5.4 External Direct
Externalmemoryis accessedsinga suiteof instructionsthatusewhatl| call "ExternalDirect" addressing.
| call it this becausehe addresgo be accesseds containeddirectly in the DPTR register,but it accesses

external memory.

There are only two commands that use External Direct addressing mode:
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As you cansee,both commandaitilize DPTR. In theseinstructions, DPTR mustfirst be loadedwith the
addres®f externalmemorythatyou wish to reador write. OnceDPTR holdsthe correctexternalmemory
address, the first command will move the contents of that external memory address into the Accumulator.

For example, to read the contents of external RAM address 1516h, we’d execute the instructions:

The secondcommandwill do the oppositeiit will allow you to write the value of the Accumulatorto the
externalmemoryaddresgointedto by DPTR. For exampleto write the contentsof the Accumulatorto
external RAM address 1516 we’d execute the instructions:

. Programming Tip: Technically,accessingxternalmemorywith the MOVX @DPTR
@\ instructions is indirect addressingsince the addressto be accesseds referred to
indirectly by the DPTR register. However,to directly accessa specific externalRAM
memorylocationthe mostdirectway is to load DPTR with the addressn questionand
accesst with theMOVX instruction. Thuswhile this approacthis technically"indirect,"

| calledit "External Direct" sinceit is the mostdirect methodof accessinga specific
externalRAM memory location and to differentiateit from the following addressing
mode(Externallndirect) which is very similar to the "indirect addressingtnentionedn
section 5.3 in its use of RO and R1.

5.5 External Indirect

Externalmemory can also be accessedising a form of indirect addressinghat | call Externalindirect.
This form of addressings usuallyonly usedin relatively small projectsthathavea very small amountof
external RAM. An example of this addressing mode is:

Onceagain,the value of RO is first readand the value of the Accumulatoris written to that addressn
ExternalRAM. Sincethe value of @RO0 can only be 00h through FFh the projectwould effectively be
limited to 256 bytesof ExternalRAM. Therearerelatively simple hardware/softwaréricks that can be
implementedo accessnorethan 256 bytesof memoryusingExternallndirectaddressinghowever,it is
usually easier to use External Direct addressing if your project has more than 256 bytes of External RAM.

5.6 Code Indirect

Two additional8052instructionsallow the developetto accesshe programcodeitself. This is usefulfor
accessing data tables, strings, etc. The two instructions are:
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For example,if we wantedto accesshe datastoredin codememoryat addres2021h,we’d executethe
instructions:

The MOVC A,@A+DPTR movesthe value containedin the codememoryaddresghatis pointedto by
adding DPTR to the Accumulator.
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Chapter 6: Program Flow

When an 8052 is first initialized the PC SFR is resetto 0000h. The 8052 then beginsto execute
instructionssequentiallyin memoryunlessa programinstructioncauseghe PC to be otherwisealtered.
Thereare variousinstructionsthat can modify the value of the PC; specifically, conditional branching
instructions, direct jumps and calls, and "returns" from subroutines.Additionally, interrupts, when
enabled, can cause the program flow to deviate from its otherwise sequential scheme.

6.1 Conditional Branching

The 8052 containsa suite of instructionswhich, asa group, are referredto as "conditional branching”
instructions. Theseinstructions causeprogram executionto follow a non-sequentiapath if a certain
conditionis true. Take,for examplethe JB instruction. This instructionmeans"Jumpif Bit Set." An
example of the JB instruction might be:

In this case,the 8052 will analyzethe contentsof bit 45h. If the bit is setprogramexecutionwill jump
immediatelyto the labelHELLO, skippingthe NOP instruction.If the bit is not setthe conditionalbranch
fails and program execution continues, as usual, with the NOP instruction that follows.

Conditional branchingis the fundamentalbuilding block of programlogic since all "decisions" are
accomplishedby using conditionalbranching. Conditional branchingcan be thought of as the "IF...
THEN?" structure in 8052 assembly language.

An importantnote worth mentioningaboutconditionalbranchingis thatthe programmay only branchto
instructionslocatedwithin 128 bytesprior to or 127 bytesafter the addresghat follows the conditional
branchinstruction.This meansthatin the aboveexamplethe label HELLO mustbe within +/- 128 bytes
of the memory address that contains the conditional branching instruction.

6.2 Direct Jumps

While conditionalbranchingis extremelyimportant,it is often necessargo makea direct branchto a
givenmemorylocationwithoutbasingit on a givenlogical decision.Thisis equivalento saying"GOTO"
in BASIC. In this caseyou want the program flow to continueat a given memory addresswithout
considering any conditions.

This is accomplishedn the 8052 using "Direct Jump and Call" instructions.As illustratedin the last
paragraph, this suite of instructions causes program flow to change unconditionally.

Consider the example:
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The LIMP instructionin this examplemeans'Long Jump."Whenthe 8052 executeghis instructionthe
PCis loadedwith the addressof NEW_ADDRESSand programexecutioncontinuessequentiallyfrom
there.

The obvious difference between the Direct Jump and Call instructions and the conditional branching is that
with Direct JumpsandCalls programflow alwayschangesWith conditionalbranchingprogramflow only
changes if a certain condition is true.

It is worth mentioningthat, asidefrom LIMP, therearetwo otherinstructionsthat causea directjump to
occur: the SJIMP and AJMP commands. Functionally, thesetwo commandsperform the exact same
functionasthe LIMP command--thais to say,they alwayscauseprogramflow to continueatthe address
indicatedby the command. However,theseinstructionsdiffer from LIMP in thatthey arenot capableof
jumping to any address. They both have limitations as to the “range” of the jumps.

1. TheSIJMPcommand|ike the conditionalbranchinginstructionscanonly jump to anaddress
within +/- 128 bytes of the SIMP command.

2. The AJMP commandcanonly jump to an addresghatis in the same2k block of memoryas
the AJMP command Thatis to say,if the AJMP commands at codememorylocation650h,
it can only do a jump to addresses 0000h through 07FFh (0 through 2047, decimal).

You mayaskyourself,"Why would | wantto usethe SIMPor AJMP commandwhich haverestrictionsas
to how far they canjump if they do the samething asthe LIMP commandwhich canjump anywheren

memory?"The answelis simple: The LIMP commandrequiresthreebytesof codememorywhereasoth
the SIMPand AJMP commandgequireonly two. If you are developingan applicationthathasmemory
restrictionsyou canoften savequite a bit of memoryusingthe 2-byte AJMP/SJMPinstructionsinsteadof

the 3-byte instruction.

Recently,| wrote a programthat required2100 bytesof memorybut | had a memoryrestriction of 2k
(2048bytes).l did a search/replacehangingall LJIMPsto AJMPsandthe programshrunkdownto1950
bytes.Without changingany logic whatsoevein my programl savedl50 bytesandwasableto meetmy
2048 byte memory restriction.

= NOTE: Someassemblersvill do the aboveconversionfor you automatically.That s,

?@C they’ll automaticallychangeyour LIMPsto SIMPswhenevermossible.This is a nifty
andvery powerful capabilitythat you maywantto look for in anassembleif you plan
to develop projects that have relatively tight memory restrictions

6.3 Direct Calls

Anotheroperationthatwill befamiliar to seasoneg@rogrammerss the LCALL instruction.Thisis similar
to a "GOSUB" command in Basic.

Whenthe 8052 executesan LCALL instructionit immediatelypusheghe currentProgramCounteronto
the stack and then continues executing code at the address indicated by the LCALL instruction.

Similar in format to the AJMP instruction that was describedin the previous section,the ACALL
instructionprovidesa way to performthe equivalentof an"LCALL" with a 2-byteinstruction(insteadof
3) as long as the target routine is within the same 2k block of memory.
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6.4 Returns from Routines

Another structurethat can causeprogramflow to changeis the "Return from Subroutine"instruction,
knownasRET in 8051AssemblyLanguage. The RET instruction,whenexecutedreturnsto the address
following the instructionthat calledthe given subroutine More accuratelyjt returnsto the addresghatis

stored on the stack.

The RET commandis direct in the sensethat it alwayschangesprogramflow without basingit on a
condition, but is variablein the sensethat whereprogramflow continuescan be different eachtime the
RET instruction is executed depending on from where the subroutine was called originally.

6.5 Interrupts

An interruptis a specialfeaturethatallows the 8052to breakfrom its normalprogramflow to executean
immediatetask, providing the illusion of "multi-tasking.” The word "interrupt” can often be substituted
with the word "event."

An interrupt is triggered whenevera correspondingevent occurs. When the event occurs, the 8052
temporarily puts"on hold" the normal executionof the main programand executesa specialsectionof

codereferredto asthe"InterruptServiceRoutine"(ISR). The ISR performswhateverspecialfunctionsare
requiredto handlethe event and then returns control to the 8052 at which point program execution
continues as if it had never been interrupted.

The topic of interruptsis somewhatricky andvery important.For that reasonan entire chapterwill be
dedicated to the topic.
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Chapter 7: Instruction Set, Timing, and Low-Level Information

In orderto understand--antiettermakeuse of--the 8052, it is necessaryo understandsomeunderlying
information concerning timing.

The 80520perateswith timing derivedfrom anexternalcrystalor a clock signalgeneratedy someother
system. A crystalis a componenthat allows an electronicoscillatorto run at a very preciselyknown

frequency. Onecanfind crystalsof virtually any frequencydependingon the applicationrequirements.
When using an 8052, one of the most common crystal frequencies is 11.0592 megahertz.

Why would anyonepick suchan oddball frequency?There’sa reasonwhich hasto do with generating
baudratesand we’ll talk more aboutit in the Serial Communicationchapter.For the remainderof this
discussion we’ll assume that we're using an 11.0592Mhz crystal.

Microcontrollers(and many other electricalsystems)usetheir oscillatorsto synchronizeoperationsThe
8052 usesits crystalor clock for preciselythat: to synchronizéts internal operation.The 8052 operates
usingwhat are called "instructioncycles." A singleinstructioncycle is the minimum amountof time in
which a single 8052 instruction can be executed, although many instructions take multiple cycles.

A cycleis, in reality, 12 clock cyclesfrom thecrystal. Thatis to say,if aninstructiontakesoneinstruction
cycle to execute,it will take 12 clocks of the crystalto execute. Sincewe know the crystal oscillates
11,059,20Gimespersecondandthatoneinstructioncycleis 12 clock cycles,we cancalculatehow many
instruction cycles the 8052 can execute per second:

11,059,200/ 12 = 921,600

This meanghatthe 8052 canexecuted21,600single-cycleinstructionsper second Sincea largenumber
of 8052instructionsaresingle-cycleinstructionsit is often consideredhatthe 8051 canexecuteoughly 1

million instructionsper second(MIPS), althoughin reality it is less--anddependingon the instructions
being used, an estimate of about 600,000 instructions per second is more realistic.

For example,if you are using exclusively 2-cycle instructionsyou would find that the 8052 executes
460,800instructionsper second.Thetraditional8052alsohastwo really slow instructions(MUL AB and
DIV AB) thatrequirea full 4 cyclesto execute--ifyou were to executenothing but thoseinstructions
you’'d find performance to be about 230,400 instructions per second.

It is againimportantto emphasizehatnot all instructionsexecuten the sameamountof time. The fastest
instructionsrequireoneinstructioncycle (12 clock cycles),manyothersrequiretwo instructioncycles(24
clock cycles), and the two very slow math operations require four instruction cycles (48 clock cycles).

~=  NOTE: Many derivativechipschangeinstructiontiming. For example manyoptimized

/@\ versionsof the 8052 executeanstructionsin 4 oscillatorcyclesinsteadof 12; sucha chip
would beeffectively 3 timesfasterthanthe 8052whenusedwith the samel1.0592MHz
crystal.

Sinceall the instructionsrequire differentamountsof time to execute a very obviousquestioncomesto
mind: How canonekeeptrack of time in a time-critical applicationif we haveno referenceo time in the
outsideworld? Luckily, the 8052 includestimers which allow us to time eventswith high precision--
which is the topic of the next chapter.
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Chapter 8: Timers

The 8052 comesequippedwith threetimers, all of which may be controlled,set, read,and configured
individually. The timers havethreegeneralfunctions: 1) Keepingtime and/orcalculatingthe amountof
time between events, 2) Counting the events themselves, or 3) Generating baud rates for the serial port.

Thethreetimer usesaredistinct sowe will talk abouteachof themseparatelyThe first two useswill be
discussedn this chaptemwhile the useof timersfor baudrate generatiorwill be discussedn the chapter
relating to serial ports.

~=: Programming Tip: While the 8052 hasthreetimers,the 8051 only hastwo. TimersO

“Arf. and1 work andare configuredthe sameandwill bediscussedirst. Timer 2, available
only on 8052-compatiblederivatives,is configureddifferently and will be discussed
later in this chapter.

8.1 How does a timer count?

The answerto this questionis very simple: A timer alwayscountsup. It doesn’tmatterwhetherthetimer
is being usedas a timer, a counter,or a baud rate generator:A timer is always incrementedby the
microcontroller.

o Programming Tip: Some derivative chips actually allow the programto configure

/Q\ whetherthe timers countup or down. However,sincethis option only existson some
derivativesit is beyondthe scopeof this tutorial which is aimedat the standard3052. It
is only mentionecherein the eventthatyou absolutelyneeda timer to countbackwards,
you will know that you may be able to find an 8052-compatiblemicrocontrollerthat
does it.

8.2 Using Timers to Measure Time

Obviously, oneof the primary usesof timersis to measurdime. We will discussthis useof timersfirst
andwill subsequentlgiscusghe useof timersto counteventsWhenatimer is usedto measurdime it is
also called an "interval timer" since it is measuring the time of the interval between two events.

8.2.1 How long does a timer take to count?

First, it's worth mentioning that when a timer is in interval timer mode (as opposed to event counter mode)
andcorrectlyconfigured,it will incrementby 1 everymachinecycle.As you will recallfrom the previous
chapter, a single machine cycle consists of 12 crystal pulses. Thus a running timer will be incremented:

11,059,200/ 12 = 921,600 times per second
Unlike instructions--somedf which require 1 instruction cycle, others2, and others 4--the timers are
consistentTheywill alwaysbeincrementednceperinstructioncycle.Thusif atimerhascountedrom 0

to 50,000 you may calculate:

50,000/ 921,600 = .0543 seconds
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.0543 secondshave passedlIn plain English, abouthalf of a tenth of a second,or one-twentiethof a
second.

Obviouslyit’s not very usefulto know .0543secondsavepassedlf you wantto executean eventonce
persecondyou’d haveto wait for thetimer to countfrom 0 to 50,00018.45times.How canyou wait "half
of a time?" You can’'t. So we come to another important calculation.

Let's say we want to know how many times the timer will be incrementedn .05 secondsWe cando
simple multiplication:

.05 * 921,600 = 46,080 cycles
This tells us that it will take .05 seconds (1/20th of a second) to count from O to 46,080.

Obviously,this is a little moreuseful.If you know it takes1/20th of a secondto countfrom 0 to 46,080
andyou wantto executesomeeventeverysecondyou simply wait for the timer to countfrom 0 to 46,080
twenty times; thenyou executeyour event,resetthe timers,andwait for the timer to countup another20
times. In this manneryou will effectively executeyour event once per second,accurateto within
thousandths of a second.

Thus, we now havea systemwith which to measuretime. All we needto review is how to control the
timers and initialize them to provide us with the information we need.

8.2.2 Timer SFRs

As mentionecbefore,the 8052hastwo timerswhich eachfunction essentiallythe sameway. Onetimeris
TIMERO andthe otheris TIMER1. Thetwo timerssharetwo SFRs(TMOD andTCON) which controlthe
timers, and eachtimer also hastwo SFRsdedicatedsolely to maintainingthe value of the timer itself
(THO/TLO and TH1/TL1).

The SFRs used to control and manipulate the timers are presented in the following table.

SFR SFR Bit
Name Description Address Addressable
?
THO Timer 0 High Byte 8Ch No
TLO Timer O Low Byte 8Ah No
TH1 Timer 1 High Byte 8Dh No
TL1 Timer 1 Low Byte 8Bh No
TCON Timer Control 88h Yes
TMOD Timer Mode 89h No

Timer 0 hastwo SFRsdedicatedexclusivelyto itself: THO and TLO. TLO is the low-byte of the value of
thetimerwhile THO is the high-byteof the valueof thetimer. Thatis to say,whenTimer 0 hasavalueof
0, bothTHO and TLO will contain0. WhenTimer O hasthe value1000 (decimal),THO will hold the high
byte of the value (3 decimal)and TLO will containthe low byte of the value (232 decimal).Reviewing
low/high byte notation, recall that you must multiply the high byte by 256 and add the low byte to
calculate the final value. In this case:

(THO * 256) + TLO = 1000
(3 * 256) + 232 = 1000
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Timer 1 works the exact same way, but its SFRs are TH1 and TL1.

Sincethereareonly two bytesdevotedto the valueof eachtimer it is apparenthatthe maximumvaluea
timer may haveis 65,535.1f atimer containsthe value 65,535andis subsequentlyncrementedijt will
reset--or overflow--back to O.

8.2.3 TMOD SFR

Let’s first talk aboutour first control SFR: TMOD (Timer Mode). The TMOD SFRis usedto control the
mode of operationof both timers. Eachbit of the SFR gives the microcontrollerspecific information
concerninghowto run atimer. The high four bits (bits 4 through7) relateto Timer 1 whereaghelow four
bits (bits 0 through 3) perform the exact same functions, but for timer O.

The individual bits of TMOD have the following functions:

TMOD (89h) SFR

Bi Name Explanation of Function Timer
t
7 GATEl When this bit is set the timer will only run when INT1 1
(P3.3) is high. When this bit is clear the timer will run
regardless of the state of INT1.
6 CI/T1 When this bit is set the timer will count events on T1 1
(P3.5). When this bit is clear the timer will be
incremented every machine cycle.
5 TiM1 Timer mode bit (see below) 1
4 TI1MO Timer mode bit (see below) 1
3 GATEO When this bit is set the timer will only run when INTO 0
(P3.2) is high. When this bit is clear the timer will run
regardless of the state of INTO.
2 C/10 When this bit is set the timer will count events on TO 0
(P3.4). When this bit is clear the timer will be
incremented every machine cycle.
1 TOM1 Timer mode bit (see below) 0
0 TOMO Timer mode bit (see below) 0

As you canseein the abovechart,four bits (two for eachtimer) areusedto specifya modeof operation.
The modes of operation are:

TIMER MODES
Timer Description of
TxM1 TXMO Mode Timer Mode
0 0 0 13-bit Timer
0 1 1 16-bit Timer
1 0 2 8-bit auto-reload
1 1 3 Split timer mode
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8.2.3.1 13-bit Time Mode (mode 0)

Timermode"0" is a 13-bittimer. This is arelic thatwaskeptaroundin the 8052to maintaincompatibility
with its predecessor, the 8048. The 13-bit timer mode is hot normally used in new development.

Whenthetimeris in 13-bitmode, TLx will countfrom 0 to 31. WhenTLx is incrementedrom 31, it will
"reset"to 0 andincrementTHx. Thus, effectively,only 13 bits of the two timer bytesarebeingused:bits
0-4 of TLx andbits 0-7 of THx. This alsomeans,n essencethe timer canonly contain8192values.If
you set a 13-bit timer to 0O, it will overflow back to zero 8192 instruction cycles later.

Therereally is very little reasorto usethis modeandit is only mentionedsoyouwon’t be surprisedf you
everendup analyzingarchaiccodethat hasbeenpassedown throughthe generationga generatiorin a
programming shop is often on the order of about 3 or 4 months!).

8.2.3.2 16-bit Time Mode (mode 1)

Timer mode"1" is a 16-bittimer. This is a very commonlyusedmode.It functionsjust like 13-bit mode
except that all 16 bits are used.

TLx isincrementedrom 0 to 255.WhenTLx is incrementedrom 255, it resetso 0 andcausesd Hx to be
incremented by 1. Since this is a full 16-bit timer, the timer may contain up to 65536 distinct values. If you
set a 16-bit timer to O, it will overflow back to O after 65,536 machine cycles.

8.2.3.3 8-bit Time Mode (mode 2)

Timermode"2" is an8-bit auto-reloadnode.Whatis that,you may ask?Simple.Whenatimeris in mode
2, THx holdsthe "reload value"and TLx is the timer itself. TLx startscountingup. WhenTLx reaches
255andis subsequentlyncrementednsteadof resettingto 0 (asin the caseof modes0 and1) it will be
reset to the value stored in THx.

For example,let’'s say THO holdsthe value FDh and TLO holdsthe value FEh. If we wereto watchthe
values of THO and TLO for a few machine cycles this is what we’'d see:

Machine  THO TLO
Cycle Value Value
1 FDh Feh

2 FDh FFh

3 FDh FDh

4 FDh Feh

5 FDh FFh

6 FDh FDh

7 FDh Feh

As you can see, the value of THO never changed. In fact, when you use mode 2 you almost always set THx
to a known valueand TLx is the SFR that is constantlyincremented. THx is initialized once,then left
unchanged.

The benefitof auto-reloadnodeis that, perhapsyou wantthe timer to alwayshavea valuefrom 200 to
255.If youusemodeO or 1, you'd haveto checkin codeto seeif thetimer had overflowedand,if so,
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resetthe timer to 200. This takespreciousinstructionsof executiontime to checkthe value and/orto
reload it.

Whenyou usemode?2 the microcontrollertakescareof this for you. Onceyou’ve configureda timer in
mode?2 you don't haveto worry aboutcheckingto seeif the timer hasoverflowednor do you haveto
worry about resetting the value--the microcontroller hardware will do it all for you.

The auto-reloadnodeis very commonlyusedfor establishinga baudrate which we will talk moreabout
in the Serial Communications chapter.

8.2.3.4 Split Timer Mode (mode 3)

Timer mode"3" is a split-timer mode. When Timer O is placedin mode 3, it essentiallypecomeswo
separate-bit timers.Thatis to say, Timer 0 is TLO andTimer 1 is THO. Both timerscountfrom 0 to 255
andoverflow backto 0. All the bits that arerelatedto Timer 1 will now be tied to THO andall the bits
related to Timer O will be tied to TLO.

While Timer 0O is in split mode,the real Timer 1 (i.e. TH1 and TL1) can be put into modesO0, 1 or 2
normally--howeveryou may not startor stopthe realtimer 1 sincethe bits thatdo thatare now linkedto
THO. The real timer 1, in this case, will be incremented every machine cycle no matter what.

The only real usel canseeof using split timer modeis if you needto havetwo separatdimers and,

additionally,a baudrate generatorin suchcaseyou canusethereal Timer 1 asa baudrategeneratoand
use THO/TLO as two separate timers.

8.2.4 TCON SFR

Finally, there’sone more SFRthat controlsthe two timersandprovidesvaluableinformationaboutthem.
The TCON SFR has the following structure:

TCON (88h) SFR

Bi Name Bit Address Explanation of Function Timer

t

7 TF1 8Fh Timer 1 Overflow. This bit is set by the 1
microcontroller when Timer 1 overflows.

6 TR1 8Eh Timer 1 Run. When this bit is set Timer 1 is 1
turned on. When this bit is clear Timer 1 is off.

5 TFO 8Dh Timer 0 Overflow. This bit is set by the 0
microcontroller when Timer O overflows.

4 TRO 8Ch Timer 0 Run. When this bit is set Timer 0 is 0

turned on. When this bit is clear Timer 0 is off.

As you may notice,we’ve only defined4 of the 8 bits. That’'s becausehe other4 bits of the SFRdon’t
haveanythingto do with timers--theyhaveto do with interruptsandtheywill be discussedn the chapter
that addresses interrupts.

A new pieceof informationin this chartis the column "bit address.'This is becauseahis SFRis "bit-
addressable.This meanghatif you wantto setthebit TF1--whichis the highestbit of TCON--youcould
execute the command:
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Since the SFR is bit-addressable you could just execute the command:

This hasthe benefitof settingthe high bit of TCON without changingthe value of any of the otherbits of
the SFR.Usuallywhenyou startor stopa timer you don’t wantto modify the othervaluesin TCON, so
you take advantage of the fact that the SFR is bit-addressable.

8.2.5 Initializing a Timer

Now thatwe’ve discussedhe timer-relatedSFRswe arereadyto write codethat will initialize the timer
andstartit running. As you'll recall, we first mustdecidewhat modewe wantthe timer to be in. In this
case we want a 16-bit timer that runs continuously; that is to say, it is not dependent on any external pins.

We mustfirst initialize the TMOD SFR.Sincewe areworking with timer 0 we will be usingthelow 4 bits
of TMOD. Thefirst two bits, GATEO and C/TO are both 0 sincewe wantthetimer to be independenof
theexternalpins. 16-bit modeis timer model sowe mustclearTOM1 andsetTOMO. Effectively, the only
bit we want to turn on is bit 0 of TMOD. Thus to initialize the timer we execute the instruction:

Timer 0 is now in 16-bit timer mode.However,the timer is not running. To startthe timer runningwe
must set the TRO bit. We can do that by executing the instruction:

Upon executingthesetwo instructionstimer O will immediatelybegin counting,beingincrementednce
every instruction cycle (every 12 crystal pulses).

8.2.6 Reading the Timer

There are two commonways of readingthe value of a 16-bit timer; which you use dependson your
specificapplication.You may either readthe actualvalue of the timer as a 16-bit number,or you may
simply detect when the timer has overflowed.

8.2.6.1 Reading the value of a Timer

If yourtimeris in an8-bit mode--thais, either8-bit auto-reloadnodeor in split timer mode--therreading
the value of the timer is simple. You simply read the 1-byte value of the timer and you're done.

However,if you're dealingwith a 13-bit or 16-bit timer the choreis a little more complicated.Consider
whatwould happenf you readthelow byte of thetimer as255,thenreadthe high byte of thetimer as15.
In this case what actuallyhappenedvasthatthe timer valuewas14/255(high byte 14, low byte 255) but
you read 15/255.

Why? Becauseyou readthe low byte as255. But whenyou executedhe nextinstructiona smallamount
of time passed--buenoughfor the timer to incrementagainat which time the value rolled over from
14/255t0 15/0. But in the processyou’ve readthe timer as being 15/255insteadof 14/255.0bviously
there’s a problem there.
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The solutionisn’t that complicatedreally. You readthe high byte of the timer, thenreadthe low byte,
thenreadthe high byte again.If the high byte readthe secondtime is not the sameasthe high byte read
the first time you repeat the cycle. In code, this would appear as:

In this casewe load the accumulatomwith the high byte of Timer 0. We thenload RO with the low byte of
Timer 0. Finally, we checkto seeif the high byte we readout of Timer 0--which is now storedin the
Accumulator--igshe sameasthe currentTimer O high byte.If it isn’t it meanswe’ve just "rolled over"and
mustre-readthetimer’s value--whichwe do by goingbackto REPEAT.Whentheloop exitswe will have
the low byte of the timer in RO and the high byte in the Accumulator.

Another much simpler alternativeis to simply turn off the timer run bit (i.e. CLR TRO), readthe timer
value,andthenturn onthetimer run bit (i.e. SETBTRO). In thatcasethetimerisn’t runningsono special
tricks are necessaryOf course this impliesthat your timer will be stoppedfor a few instructioncycles.
Whether or not this is tolerable depends on your specific application.

8.2.6.2 Detecting Timer Overflow

Often it is only necessaryto know that the timer has overflowed to 0. That is to say, you are not
particularlyinterestedn thevalueof thetimer but ratheryou areinterestedn knowingwhenthetimer has
overflowed back to O.

Whenevera timer overflowsfrom its highestvaluebackto 0, the microcontrollerautomaticallysetsthe

TFx bit in the TCON register. This is useful since rather than checking the exact value of the timer you can
just checkif the TFx bit is set.If the TFO bit is setit meansthattimer 0 hasoverflowed;if TF1 is setit

means that timer 1 has overflowed.

We can usethis approachto causethe programto executea fixed delay.As you'll recall, we calculated
earlierthat it takesthe 8052 1/20th of a secondto countfrom 0 to 46,080.However,the TFx flag is set
when the timer overflows back to O.

Thus,if we wantto usethe TFx flag to indicatewhen1/20th of a seconchaspassedve mustsetthetimer
initially to 65536less46080,0r 19,456.If we setthe timer to 19,456,1/20thof a secondater the timer
will overflow. Thus we come up with the following code to execute a pause of 1/20th of a second:

In the above code the first two lines initialize the Timer O starting value to 19,456. The next two
instructionsconfiguretimer O andturn it on. Finally, the lastinstructionJNB TF0,$, reads"Jumpbackto
the sameinstructionif TFO is not set." The "$" operandmeans,n mostassemblersthe addresof the
current instruction.
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As long asthetimer hasnot overflowedandthe TFO bit hasnot beensetthe programwill keepexecuting
this sameinstruction. After 1/20th of a secondtimer O will overflow, setthe TFO bit, and program
execution will then break out of the loop.

8.2.7 Timing the length of events

The 8052 provides another useful toy that can be used to time the length of events.

For example Jet's saywe'retrying to saveelectricity in the office andwe'reinterestedn how long a light
is turnedon eachday.Whenthe light is turnedon, we wantto measurdime. Whenthe light is turnedoff,
we don't. Oneoption would be to connectthe light switchto oneof the pins, constantlyreadthe pin, and
turn the timer on or off basedon the stateof that pin. While this would work fine, the 8052 providesus
with an easier method of accomplishing this.

Looking again at the TMOD SFR,thereis a bit called GATEO. So far we've always clearedthis bit
becauseave wantedthe timer to run regardles®f the stateof the externalpins. However,now it would be
nice if an external pin could control whether the timer was running or not. It can.

All we needto dois connecthelight switchto pin INTO (P3.2)onthe 8052andsetthe bit GATEO. When
GATEOQ s set, Timer O will only runif P3.2is high. WhenP3.2is low (i.e., the light switchis off) the
timer will automatically be stopped.

Thus, with no control code whatsoeverthe externalpin P3.2 can control whetheror not our timer is
running or not.

8.3 Using Timers as Event Counters

We'vediscussedow atimer canbe usedfor the obviouspurposeof keepingtrack of time. However,the
8052 also allows us to use the timers to count events.

This canbe usefulin manyapplications.Let's sayyou hada sensoiplacedacrossa roadthatwould senda
pulseeverytime a car passedverit. This could be usedto determinethe volume of traffic on the road.
We could attachthis sensoito one of the 8052'sl/O lines and constantlymonitorit, detectwhenit pulsed
high, andthenincrementour counterwhenit went backto a low state.This is not terribly difficult, but
requiressomecode.Let's say we hookedthe sensorto P1.0;the codeto count carspassingwould look
something like this:

As youcansee,it's only threelines of code.But whatif you needto be doingotherprocessingtthe same
time? You can'tbe stuckin the INB P1.0,$loop waiting for a carto passif you needto be doing other
things.And whatif you're doing otherthingswhena car passe®ver? It's possiblethatthe carwill raise
thesignalandthe signalwill fall low againbeforeyour programcheckstheline statusithis would resultin
the car not being counted. Of course,thereare ways to get aroundeventhis limitation but the code
quickly becomes big, complex, and ugly.

Luckily, sincethe 8052 providesus with a way to usethetimersto counteventswe don'thaveto bother
with it. It's actually painfully easy. We only have to configure one additional bit.
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Let'ssaywe wantto useTimer O to countthe numberof carsthatpass.If you look backto thebit tablefor
theTCON SFRyou will seethereis abit called"C/T0"--it's bit 2 (TCON.2).Reviewingthe explanatiorof
the bit we seethatif the bit is clearthentimer O will be incrementeceveryinstructioncycle. This is what
we've already used to measure time.

If we setC/TO, howevertimer O will monitorthe P3.4line. Insteadof beingincrementedeverymachine
cycle,timer O will counteventsonthe P3.4line. Soin our casewe simply connectour sensoito P3.4and
let the 8052do thework. Then,whenwe wantto know how manycarshavepassedye just readthe value
of timer 0--the value of timer O will be the number of cars that have passed.

Sowhatexactlyis aneventAWVhatdoestimer 0 actually”count?"Speakingat theelectricallevel, the 8052
counts1-0transitionson the P3.4line. This meanghat whena car first runsoverour sensorit will raise
the input to a high ("1") condition. At that point the 8052 will not count anything sincethis is a 0-1
transition.However,whenthe car haspassedhe sensomwill fall backto a low ("0") state.This is a 1-0
transition and at that instant the counter will be incremented by 1.

It is importantto note that the 8052 checksthe P3.4line eachinstructioncycle (12 clock cycles). This

meanghatif P3.4is low, goeshigh, andgoesbacklow in 6 clock cyclesit will probablynot be detected
by the 8052. This also meansthe 8052 eventcounteris only capableof countingeventsthat occur at a

maximumof 1/24ththerateof the crystalfrequencyThatis to sayi,if the crystalfrequencyis 12.000Mhz

it cancounta maximumof 500,000eventsper second(12.000Mhz * 1/24 = 500,000).If the eventbeing

countedoccursmore than 500,000times per secondit will not be ableto be accuratelycountedby the

8052 without using additional externalcircuitry, a fastercrystal, or a derivative chip that implementsa

machine cycle that uses less than 12 crystal cycles.

8.4. Using Timer 2

The 8052 hasa third timer, Timer 2. Keepin mind thatthe 8051 and somelower-endderivative chips
don'tinclude Timer 2.

Timer 2 functionsslightly differentthan Timers0 and 1 and,for that reasonwe are addressinghis third
timer separately from the first two.
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8.4.1 T2CON SFR

Theoperationof Timer 2 (T2) is controlledalmostentirelyby the T2ZCON SFR,at addres<C8h. Notethat
since this SFR is evenly divisible by 8 that it is bit-addressable.

TCON (88h) SFR
Bit Name Bit Address Explanation of Function

7 TF2 CFh Timer 2 Overflow. This bit is set when T2 overflows. When
T2 interrupt is enabled, this bit will cause the interrupt to be
triggered. This bit will not be set if either TCLK or RCLK
bits are set.

6 EXF2 Ceh Timer 2 External Flag. Set by a reload or capture caused by
a 1-0 transition on T2EX (P1.1), but only when EXENZ2 is
set. When T2 interrupt is enabled, this bit will cause the
interrupt to be triggered.

5 RCLK CDh Timer 2 Receive Clock. When this bit is set, Timer 2 will be
used to determine the serial port receive baud rate. When
clear, Timer 1 will be used.

4 TCLK CCh Timer 2 Receive Clock. When this bit is set, Timer 2 will be
used to determine the serial port transmit baud rate. When
clear, Timer 1 will be used.

3 EXEN CBh Timer 2 External Enable. When set, a 1-0 transition on
2 T2EX (P1.1) will cause a capture or reload to occur.
2 TR2 Cah Timer 2 Run. When set, timer 2 will be turned on.
Otherwise, it is turned off.
1 CIT2 Coh Timer 2 Counter/Interval Timer. If clear, Timer 2 is an

interval counter. If set, Timer 2 is incremented by 1-0
transition on T2 (P1.0).

0 CP/RL C8h Timer 2 Capture/Reload. If clear, auto reload occurs on
2 timer 2 overflow, or T2EX 1-0 transition if EXENZ2 is set. If
set, a capture will occur on a 1-0 transition of T2EX if
EXEN2 is set.

8.4.2 Timer 2 in Auto-Reload Mode

The first modein which Timer 2 may be usedis Auto-Reload.The auto-reloadmodefunctionsjust like
Timer 0 andTimer 1 in auto-reloadnode,exceptthatthe Timer 2 auto-reloadnodeperformsa full 16-bit
reload(recallthat Timer 0 and Timer 1 only have8-bit reloadvalues).Whena reloadoccurs the value of
TH2 will bereloadedwith the valuecontainedn RCAP2Handthevalueof TL2 will bereloadedwith the
value contained in RCAP2L.

To operateTimer 2 in auto-reloadnode,the CP/RL2bit (T2CON.0)mustbeclear.In this mode,Timer 2
(TH2/TL2) will bereloadedwith the reloadvalue(RCAP2H/RCAP2L)whenevefTimer 2 overflows;that

is to say, whenever Timer 2 overflows from FFFFh back to 0000h. An overflow of Timer 2 will cause the
TF2 bit to be set,which will causeaninterruptto betriggered,if Timer 2 interruptis enabled Note that

TF2 will not be set on an overflow condition if either RCLK or TCLK (T2CON.5 or T2CON.4) are set.
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Additionally, by also settingEXEN2 (T2CON.3),a reloadwill alsooccur whenevera 1-0 transitionis
detectedon T2EX (P1.1). A reload that occursas a result of such a transitionwill causethe EXF2
(T2CON.6) flag to be set, triggering a Timer 2 interrupt if said interrupt has been enabled.

8.4.3 Timer 2 in Capture Mode

A newmode,specificto Timer 2, is called"CaptureMode." As the nameimplies, this modecaptureshe
value of Timer 2 (TH2 and TL2) into the captureSFRs (RCAP2H and RCAP2L). To put Timer 2 in
capture mode, CP/RL2 (T2CON.0) must be set, as must be EXEN2 (T2CON.3).

Whenconfiguredasmentionedabove,a capturewill occurwhenevera 1-0 transitionis detectecon T2EX
(P1.1).At the momentthe transitionis detectedthe currentvaluesof TH2 and TL2 will be copiedinto
RCAP2HandRCAP2L, respectively At the sametime, the EXF2 (T2CON.6)bit will be set,which will
trigger an interrupt if Timer 2 interrupt is enabled.

-+ Programming Tip 1: Notethatevenin capturemode,anoverflow of Timer 2 will result
,@\ in TF2 being set and an interrupt being triggered.

Programming Tip 2: Capturemodeis an efficient way to measurehe time between
events.At the momentthat an eventoccursthe currentvalue of Timer 2 will be copied

into RCAP2H/L.However, Timer 2 will notstopandaninterruptwill betriggered.Thus

your interruptroutinemay copy thevalue of RCAP2H/Lto a temporaryholdingvariable

withouthavingto stopTimer 2. Whenanothercaptureoccurs your interruptcantakethe

differenceof thetwo valuesto determinghetime transpiredAgain, the mainadvantage
is that you don't haveto stoptimer 2 to readits value,asis the casewith timer 0 and

timer 1.

8.4.4 Timer 2 as a Baud Rate Generator

Timer 2 may beusedasa baudrategeneratorThis is accomplishedy settingeitherRCLK (T2CON.5)or
TCLK (T2CON.4). With an 8051, Timer 1 is the only timer thatmay be usedto determinethe baudrate
of the serial port. Additionally, the receive and transmit baud rate must be the same.

With the 8052, however,the usermay configurethe serial port to receiveat one baudrate and transmit
with another.For example,if RCLK is setand TCLK is clearedserialdatawill be receivedat the baud
rate determined by Timer 2 whereas the baud rate of transmitted data will be determined by Timer 1.

Determiningthe auto-reloadvaluesfor a specificbaudrateis discussedn SerialPort Operationithe only
differenceis thatin the caseof Timer 2, theauto-reloadralueis placedin RCAP2HandRCAP2L,andthe
value is a 16-bit value rather than an 8-bit value.

i - " NOTE: WhenTimer 2 is usedasabaudrategeneratofeither TCLK or RCLK areset),
™ the Timer 2 Overflow Flag (TF2) will not be set.
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Chapter 9: Serial Communication

Oneof the 8052’smany powerful featuress its integratedUART, otherwiseknown asa serialport. The
factthatthe 8052hasanintegratedserialport meanghatyou may very easilyreadandwrite valuesto the

serial port. If it were not for the integratedserial port, writing a byte to a serial line would be a rather
tedious process requiring turning on and off one of the 1/O lines in rapid succession to properly "clock out
each individual bit, including start bits, stop bits, and parity bits.

However,we do not haveto do this. Instead we simply needto configurethe serialport’s operationmode
andbaudrate.Onceconfigured,all we haveto dois write to an SFRto write a valueto the serialport or
readthe sameSFRto reada value from the serialport. The 8052will automaticallylet us know whenit
hasfinished sendingthe charactemwe wrote andwill alsolet us know wheneverit hasreceiveda byte so
thatwe canprocesst. We do not haveto worry abouttransmissiorat the bit level--whichsavesus quitea
bit of coding and processing time.

9.1 Setting the Serial Port Mode

The first thing we must do when using the 8052’s integrated serial port is, obviously, configure it. This lets
ustell the8052how manydatabits we want,the baudratewe will be using,andhow the baudratewill be
determined.

First, let's present the "Serial Control" (SCON) SFR and define what each bit of the SFR represents:

SCON (98h) SFR

Bit Name Bit Address Explanation of Function
7 SMO 9Fh Serial port mode bit O
6 SM1 9Eh Serial port mode bit 1.
5 SM2 9Dh Mutliprocessor Communications Enable (explained later)
4 REN 9Ch Receiver Enable. This bit must be set in order to receive characters.
3 TB8 9Bh Transmit bit 8. The 9th bit to transmit in mode 2 and 3.
2 RB8 9Ah Receive bit 8. The 9th bit received in mode 2 and 3.
1 TI 99h Transmit Flag. Set when a byte has been completely transmitted.
0 RI 98h Receive Flag. Set when a byte has been completely received.

Additionally, it is necessary to define the function of SM0 and SM1 by an additional table:

SMO SM1 Serial Mode Explanation Baud Rate
0 0 0 8-bit Shift Register Oscillator / 12
0 1 1 8-bit UART Set by Timer 1 (*)
1 0 2 9-bit UART Oscillator / 32 (*)
1 1 3 9-bit UART Set by Timer 1 (*)

(*) NOTE: The baud rate indicated in this table is doubled if PCON.7 (SMOD) is set.

The SCON SFR allows us to configure the Serial Port. Thus, we’ll go througheachbit and review its
function.

The high four bits (bits 4 through 7) are configuration bits.
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Bits SMO and SM1 let us setthe serialmodeto a value between0 and 3, inclusive.The four modesare
definedin the chartimmediatelyabove.As you can see,selectingthe Serial Mode selectsthe mode of
operation (8-bit/9-bit, UART or Shift Register) and also determines how the baud rate will be calculated.

In modes) and?2 the baudrateis fixed basedon the oscillator’'sfrequencyln modesl and3 the baudrate
is variablebasedon how often Timer 1 overflows. We’'ll talk more aboutthe variousSerialModesin a
moment.

Thebit SM2 is aflag for "Multiprocessorcommunication.'Generally whenevera byte hasbeenreceived
the 8052 will setthe "RI" (Receivelnterrupt) flag. This lets the programknow that a byte hasbeen
receivedandthatit needgo be processeddowever,whenSM2 is setthe"RI" flag will only betriggered
if the9th bit receivedwasa"1". Thatis to say,if SM2 is setanda byte is receivedwhose9th bit is clear,
theRI flag will neverbe set. This canbe usefulin certainadvancederialapplicationghat allow multiple
8052s(or other hardware)to communicateamongstthemselvesFor now it is safeto say that you will
almost always want to clear this bit so that the flag is set upon reception of any character.

The bit REN is "ReceiverEnable."This bit is very straightforward:If you wantto receivedatavia the
serialport, setthis bit. You will almostalwayswantto setthis bit sinceleavingit clearedwill preventthe
8052 from receiving serial data.

The low four bits (bits 0 through 3) are operationalbits. They are used when actually sendingand
receiving data--they are not used to configure the serial port.

TheTB8 bit is usedin modes2 and3. In modes2 and3, a total of nine databits aretransmitted Thefirst
8 databits arethe 8 bits of the mainvalue,andthe ninth bit is takenfrom TB8. If TB8 is setanda valueis
written to the serialport, the data’sbits will be written to the serial line followed by a "set" ninth bit. If
TB8 is clear the ninth bit will be "clear."

The RB8 bit also operatesn modes2 and 3 and functionsessentiallythe sameway as TB8, but on the
receptionside.Whena byteis receivedin modes?2 or 3, a total of nine bits arereceived.In this casethe
first eightbits receivedarethe dataof the serialbyte receivedandthe value of the ninth bit receivedwill
be placed in RBS.

Tl means'Transmitinterrupt."Whena programwrites a valueto the serialport, a certainamountof time
will passbeforethe individual bits of the byte are "clocked out” the serial port. If the programwereto
write anotherbyte to the serialport beforethe first byte wascompletelyoutput,the databeingsentwould
be garbled.Thus,the 8052lets the programknow thatit has"clockedout” the last byte by settingthe Tl
bit. WhentheTI bit is set,the programmayassumehatthe serialportis "free" andreadyto sendthe next
byte.

Finally, the RI bit means’'Receivelnterrupt.”It functionssimilarly to the "TI" bit, but it indicatesthata
byte hasbeenreceived.Thatis to say,wheneveithe 8052hasreceiveda completebyteit will triggerthe
RI bit to let the program know that it needs to read the value quickly, before another byte is read.

o NOTE: TheTI bit is actually set halfway throughthe transmissiorof the stop bit, and

/Q\ theRI bit is actuallysethalfway throughthe receptionof the incomingstopbit. Thisis
normally not of major concernbut if you are using a RS-485network or someother
networkwhereyou mustspecifically enableand disablethe receiverand/ortransmitter,
you shouldbe awareof the fact that whenthe RI/TI bit is setthat slightly more time
must pass before you disable the receiver/transmitter. Turning off the
transmitter/receiver immediately will normally cause transmission errors.
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9.2 Setting the Serial Port Baud Rate

Oncethe SerialPortMode hasbeenconfigured,asexplainedabove the programmustconfigurethe serial
port’s baud rate. This only appliesto Serial Port modes1 and 3. In modesO and 2, the baudrate is

determinedbasedon the oscillator’s frequencyand no additionalconfigurationis necessary.In modeO,

thebaudrateis alwaystheoscillatorfrequencydividedby 12. This meansf you're crystalis 11.0592Mhz,
mode0 baudratewill alwaysbe 921,600baud.In mode?2 the baudrateis alwaysthe oscillatorfrequency
divided by 64, so a 11.0592Mhz crystal speed will yield a baud rate of 172,800.

In modesl and3, the baudrateis determinedby how frequentlytimer 1 overflows. The morefrequently
timer 1 overflows,the higherthe baudrate. Thereare manywaysone cancausetimer 1 to overflow at a
ratethat determines baudrate but the mostcommonmethodis to puttimer 1 in 8-bit auto-reloadmode
(timer mode2) andsetareloadvalue(TH1) thatcauseslimer 1 to overflow at a frequencyappropriateo
generate a baud rate.

To determinethe value that must be placedin TH1 to generatea given baud rate, we may use the
following equation (assuming PCON.7 is clear).

TH1 = 256 - ((Crystal / 384) / Baud)
If PCON.7 is set then the baud rate is effectively doubled, thus the equation becomes:
TH1 = 256 - ((Crystal / 192) / Baud)

Forexamplejf we havean11.059Mhzcrystalandwe wantto configurethe serialport to 19,200baudwe
try plugging it in the first equation:

TH1 = 256 - ((Crystal / 384) / Baud)
TH1 = 256 - (11059000 / 384) / 19200)
TH1 = 256 - ((28,799) / 19200)
TH1=256-1.5=2545

As you canseeto obtain19,200baudwith an11.059Mhzcrystalwe’d haveto setTH1 to 254.5.1f we set
it to 254 we will haveachievedl4,400baudandif we setit to 255 we will haveachieved28,800baud.
Thuswe’re stuck... But not quite...to achieve19,200baudwe simply needto set PCON.7(SMOD).
When we do this we double the baud rate and utilize the second equation mentioned above. Thus we have:

TH1 = 256 - ((Crystal / 192) / Baud)
TH1 = 256 - (11059000 / 192) / 19200)
TH1 = 256 - ((57699) / 19200)

TH1 = 256 - 3 = 253

Here we are able to calculatea nice, even TH1 value. Therefore,to obtain 19,200 baud with an
11.059MHz crystal we must:

Configure Serial Port mode 1 or 3 (for 8-bit or 9-bit serial mode).
Configure Timer 1 to timer mode 2 (8-bit auto-reload).

Set TH1 to 253 to reflect the correct frequency for 19,200 baud.
Set PCON.7 (SMOD) to double the baud rate.

NS
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9.3 Writing to the Serial Port

Oncetheserialport hasbeenproperlyconfiguredasexplainedabove the serialport is readyto be usedto
sendandreceivedata.If you thoughtthatconfiguringthe serialport wassimple,usingthe serialport will
be a breeze.

To write a byteto the serialport onemustsimply write the valueto the SBUF (99h) SFR.For example jf
you wanted to send the letter "A" to the serial port, it could be accomplished as easily as:

Uponexecutionof the aboveinstructionthe 8052 will begintransmittingthe charactewia the serialport.
Obviouslytransmissioris not instantaneous--tiakesa measurabl@mountof time to transmitthe 8 data
bits that make up the byte, along with its startand stop bits. And sincethe 8052 doesnot have a serial
outputbuffer we needto be surethata characteiis completelytransmittedbeforewe try to transmitthe
next character.

The 8052 lets usknow whenit is donetransmittinga characteiby settingthe Tl bit in SCON.Whenthis
bit is setwe know that the last charactelhasbeentransmittedandthat we may sendthe next characterif
any. Consider the following code segment:

The abovethreeinstructionswill successfullyransmita charactermandwait for the T bit to be setbefore
continuing. The last instructionsays"Jump if the Tl bit is not setto $". The “$” characterjn most
assemblersmeans"the sameaddressof the currentinstruction.” Thus the 8052 will pauseon the JNB
instruction until the TI bit is set by the 8052 upon successful transmission of the character.

9.4 Reading the Serial Port

Readingdatareceivedby the serialportis equallyeasy.To reada byte from the serial port onejust needs
to read the value stored in the SBUF (99h) SFR after the 8052 has automatically set the RI flag in SCON.

Forexamplejf your programwantsto wait for a characteto be receivedandsubsequentlyeadit into the
Accumulator, the following code segment may be used:

Thefirst line of the abovecodesegmentvaits for the 8052to setthe RI flag; again,the 8052 setsthe Rl
flag automaticallywhen it receivesa charactervia the serial port. So as long as the bit is not setthe
program repeats the "JNB" instruction continuously.

Once a character is received the RI bit will be set automatically and the above condition automatically fails
and programflow falls throughto the "MOV" instructionthat readsthe charactetinto the Accumulator.
The last instruction clears the RI bit to indicate that the last byte has been read.
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Chapter 10: Interrupts

As the name implies, an interrupt is some event that interrupts normal program execution.

As statedearlier,programflow is alwayssequentialpeingalteredonly by thoseinstructionsthatexpressly
causeprogramflow to deviatein someway. However,interruptsgive usa mechanisnto "put on hold"
the normalprogramflow, executea subroutine andthenresumenormalprogramflow asif we hadnever
left it. This subroutinecalledaninterrupthandleror interruptserviceroutine (ISR), is only executedvhen
a certainevent(interrupt)occurs.Theeventmay be oneof thetimers"overflowing," receivinga character
via the serial port, transmittinga charactewia the serialport, or one of two "externalevents."The 8052
may be configuredsothatwhenany of theseeventsoccurthe main programis temporarilysuspendednd
control passedo a specialsectionof code,which presumablywould executesomefunction relatedto the
eventthatoccurred Oncecomplete control would be returnedto the original program.The main program
never even knows it was interrupted.

The ability to interrupt normal programexecutionwhen certaineventsoccur makesit much easierand
muchmore efficient to handlecertainconditions.If it werenot for interruptswe would haveto manually

checkin our main programwhetherthe timershadoverflowed,whetherwe hadreceivedanothercharacter

via the serial port, or if some external event had occurred. Besides making the main program ugly and hard
to read,sucha situationwould make our programinefficient sincewe’d be burning preciousinstruction

cycles checking for events that happen infrequently.

For example let’'s saywe havea large 16k programexecutingmany subroutinegperformingmanytasks.
Let's also supposethat we want our programto automaticallytoggle the P3.0 port every time timer O
overflows. The code to do this isn’t too difficult:

Sincethe TFO flag is setwhenevettimer 0 overflows,the abovecodewill toggleP3.0everytime timer 0
overflows. This accomplishes what we want, but is inefficient.

The JNB instructionconsumeg instructioncyclesto determinethatthe flag is not setandjump overthe
unnecessargode.In the eventthat timer O overflows,the CPL andCLR instructionrequire?2 instruction
cyclesto execute.To makethe math easy,let’'s say the rest of the codein the programrequires98
instructioncycles.In total, our codeconsumed 00 instructioncycles(98 instructioncyclesplus the 2 that
areexecuteceveryiterationto determinewhetheror not timer O hasoverflowed).If we’re in 16-bittimer
mode timer 0 will overflow every65,536machinecycles.In thattime we would haveperformeds55 JNB
testsfor a total of 1310instructioncycles, plus another2 instructioncyclesto performthe code.So to
achieveour goalwe’ve spentl312instructioncycles.So 2.002%of our time is beingspentjust checking
whento toggleP3.0.And our codeis ugly becausave haveto makethatcheckeveryiterationof our main
program loop.

Luckily, thisisn’t necessaryinterruptslet us forgetaboutcheckingfor the condition. The microcontroller
itself will checkfor the conditionautomaticallyandwhenthe conditionis metwill jump to a subroutine
(theinterrupthandler),executethe code,thenreturn.In this case,our subroutinewould be nothingmore
than:
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First, you'll noticethe CLR TFO commandhasdisappearedlhat’s becausavhenthe 8052 executeur
"timer O interruptroutine,"it automaticallyclearsthe TFO flag. You'll alsonoticethatinsteadof a normal
RET instruction we have a RETI instruction. The RETI instruction does the samething as a RET
instruction,but tells the 8051 that an interruptroutine hasfinished. You mustalwaysend your interrupt
handlers with RETI.

Thus,every65536instructioncycleswe executethe CPL instructionandthe RETI instruction. Thosetwo
instructionstogetherrequire 3 instruction cycles, and we’'ve accomplishedthe samegoal as the first
examplethatrequired1312instructioncycles.As far asthe toggling of P3.0goes,our codeis 437 times

more efficient! Not to mention it's much easier to read and understand because we don’t have to remember
to alwayscheckfor thetimer O flag in our main program. We just setupthe interruptandforget aboutit,

secure in the knowledge that the 8052 will execute our code whenever it's necessary.

The sameideaappliesto receivingdatavia the serial port. Oneway to do it is to continuouslycheckthe
statusof the RI flag in an endlesdoop. Or we could checkthe RI flag as partof a larger programloop.
However,in the latter casewe run the risk of missingcharacters--whatappensf a characteis received
right after we do the check, the rest of our programexecutesand before we evencheckRI a second
charactehascomein. We will losethefirst characterWith interrupts,the 8052will putthe mainprogram
"on hold" andcall our specialroutineto handlethe receptionof a characterThus,we neitherhaveto put
an ugly check in our main code nor will we lose characters.

10.1 Events that can Trigger Interrupts
We can configure the 8052 so that any of the following events will cause an interrupt:

Timer 0 Overflow.
Timer 1 Overflow.
Reception/Transmission of Serial Character.
External Event 0.
External Event 1.

aprwOdE

In other words, we can configure the 8052 so that when Timer 0 Overflows or when a characteris
sent/received the appropriate interrupt handler routines are called.

Obviouslywe needto be ableto distinguishbetweenvariousinterruptsand be ableto executedifferent
codedependingon whatinterruptis triggered.This is accomplishedy jumpingto afixed addressvhena
given interrupt occurs.

Interrupt Flag Interrupt Handler Address
External O IEO 0003h
Timer 0 TFO 000Bh
External 1 IE1 0013h
Timer 1 TF1 001Bh
Serial RI/TI 0023h

By consultingthe abovechartwe seethatwheneverTimer O overflows (i.e., the TFO bit is set),the main
programwill betemporarilysuspende@ndcontrolwill jump to 000BH.It is assumedhatwe havecode
at address 000BH that handles the situation of Timer O overflowing.
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10.2 Setting Up Interrupts

By defaultat power-up all interruptsaredisabled.This meanghatevenif, for examplethe TFO bit is set,
the 8052 will not executethe interrupt. Your programmust specifically tell the 8052 that it wishesto
enable interrupts and specifically which interrupts it wishes to enable.

Your program may enable and disable interrupts by modifying the IE SFR (A8h):

IE (A8h) SFR
Bit Name Bit Address  Explanation of Function
7 EA AFh Global Interrupt Enable/Disable
6 - AEh Undefined
5 - ADh Undefined
4 ES ACh Enable Serial Interrupt
3 ET1 ABh Enable Timer 1 Interrupt
2 EX1 AAh Enable External 1 Interrupt
1 ETO A9h Enable Timer O Interrupt
0 EXO A8h Enable External O Interrupt

As you cansee,eachof the 8052’sinterruptshasits own bit in the IE SFR.You enablea giveninterrupt
by settingthe correspondingpit. For examplef you wish to enableTimer 1 Interrupt,you would execute
either:

or

Both of the aboveinstructionssetbit 3 of IE, thusenablingTimer 1 Interrupt.OnceTimer 1 Interruptis
enabledwheneverthe TF1 bit is set,the 8052 will automaticallyput "on hold" the main programand
execute the Timer 1 Interrupt Handler at address 001Bh.

However,beforeTimer 1 Interrupt(or any otherinterrupt)is truly enabledyou mustalsosetbit 7 of IE.

Bit 7, the Global InterruptEnable/Disablegnablesor disablesall interruptssimultaneouslyThatis to say,
if bit 7 is clearedthenno interruptswill occur,evenif all the otherbits of IE are set. Settingbit 7 will

enableall the interruptsthat have beenselectedby settingother bits in IE. This is useful in program
executionif you havetime-critical codethat needsto execute.In this case,you may needthe codeto
executefrom startto finish without any interruptgettingin the way. To accomplishthis you cansimply
clear bit 7 of IE CLR EA) and then set it after your time-critical code is done.

So, to sum up what has beenstatedin this section,to enablethe Timer 1 Interrupt the most common
approach is to execute the following two instructions:

Thereafterthe Timer 1 InterruptHandlerat 01Bhwill automaticallybe calledwheneverthe TF1 bit is set
(upon Timer 1 overflow).
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10.3 Polling Sequence

The 8052 automatically evaluateswhether an interrupt should occur after every instruction. When
checking for interrupt conditions, it checks them in the following order:

External O Interrupt
Timer O Interrupt
External 1 Interrupt
Timer 1 Interrupt
Serial Interrupt

aprOdE

This meanghatif a Seriallnterruptoccursat the exactsameinstantthatan ExternalO Interruptoccursthe
ExternalO Interruptwill be executedfirst andthe Serial Interruptwill be executedoncethe External0
Interrupt has completed.

10.4 Interrupt Priorities

The 8052o0fferstwo levelsof interruptpriority: high andlow. By usinginterruptprioritiesyou may assign
higher priority to certain interrupt conditions.

For example,you may have enabledtimer 1 interruptthat is automaticallycalled every time timer 1
overflows.Additionally, you may haveenabledthe serialinterruptthatis calledeverytime a charactelis
receivedvia the serialport. However,you may considerthatreceivinga characteis muchmoreimportant
thanthe timer interrupt.In this case,f timer 1 interruptis alreadyexecutingyou may wish that the serial
interruptitself interruptsthetimer 1 interrupt. Whenthe serialinterruptis complete control passedackto
timer 1 interruptandfinally backto the main program.You may accomplishthis by assigninga high
priority to the Serial Interrupt and a low priority to the Timer 1 Interrupt.

Interrupt priorities are controlled by the IP SFR (B8h). The IP SFR has the following format:

IP (B8h) SFR
Bit Name Bit Address  Explanation of Function
7 - BFh Undefined
6 - Beh Undefined
5 - BDh Undefined
4 PS BCh Serial Interrupt Priority
3 PT1 BBh Timer 1 Interrupt Priority
2 PX1 Bah External 1 Interrupt Priority
1 PTO B9h Timer O Interrupt Priority
0 PX0 B8h External O Interrupt Priority

When considering interrupt priorities, the following rules apply:

1. Nothing can interrupt a high-priority interrupt--not even another high priority interrupt.

2. A high-priority interrupt may interrupt a low-priority interrupt.

3. A low-priority interrupt may only occur if no other interrupt is already executing.

4. If two interruptsoccurat the sametime, the interruptwith higherpriority will executefirst. If
bothinterruptsare of the samepriority the interruptthatis servicedfirst by polling sequence
will be executed first.
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10.5 Interrupt Triggering
When an interrupt is triggered, the following actions are taken automatically by the microcontroller:

The current Program Counter is saved on the stack, low-byte first, high-byte second.
Interrupts of the same and lower priority are blocked.

In the case of Timer and External interrupts, the corresponding interrupt flag is cleared.
Program execution transfers to the corresponding interrupt handler vector address.
The Interrupt Handler routine, written by the developer, is executed.

aprLOdE

Take specialnote of the third step:If the interrupt being handledis a Timer or Externalinterrupt,the
microcontrollerautomaticallyclearsthe interrupt flag before passingcontrol to your interrupt handler
routine. This means it is not necessary that you clear the bit in your code.

10.6 Exiting Interrupt

An interruptendswhen your programexecuteshe RETI (Returnfrom Interrupt) instruction.Whenthe
RETI instruction is executed the following actions are taken by the microcontroller:

1. Two bytesare poppedoff the stackinto the ProgramCounterto restorenormal program
execution.
2. Interrupt status is restored to its pre-interrupt status.

10.7 Serial Interrupts

SerialInterruptsare slightly different thanthe restof the interrupts.This is dueto the fact that thereare
two interruptflags: Rl andTI. If eitherflag is set,a serialinterruptis triggered.As youwill recallfrom the
sectionon the serial port, the RI bit is setwhen a byte is receivedby the serial port andthe Tl bit is set
when a byte has been sent.

This meanghatwhenyour serialinterruptis executedt may havebeentriggeredbecausegheRI flag was

setor becauseghe Tl flag wasset--orbecausdothflagswereset. Thus,your routine mustcheckthe status

of these flags to determine what action is appropriate. Also, since the 8052 does not automatically clear the
RI and Tl flags you must clear these bits in your interrupt handler.

A brief code example is in order:

As you cansee,our codechecksthe statusof bothinterruptsflags.If bothflagswere set,both sectionsof
codewill be executedAlso notethat eachsectionof codeclearsits correspondindnterruptflag. If you
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forgetto cleartheinterruptbits, the serialinterruptwill be executedver andover until you clearthe bit.
For this reason it is very important that you always clear the interrupt flags in a serial interrupt.

10.8 Register Protection

Onevery importantrule appliesto all interrupthandlersinterruptsmustleavethe processoin the same
stateasit was in when the interruptinitiated. Rememberthe idea behindinterruptsis that the main
program isn’t aware that they are executing in the "background.” However, consider the following code:

After the above three instructions are executed, the accumulator will contain a value of 35h.

But whatwould happenf aninterruptoccurredright afterthe MOV instruction.During this interrupt,the
carry bit was setandthe value of the accumulatomwas changedo 40h. Whenthe interruptfinished and
controlwas passecackto the main program,the ADDC would add 10hto 40h, and additionallyaddan
additional01h becausehe carry bit is set.In this casethe accumulatowill containthe value51hatthe
end of execution.

In this case the main programhasseeminglycalculatedhe wrong answer How can25h + 10hyield 51h
asa result?lt doesn'tmakesense A developerthat was unfamiliar with interruptswould be convinced
that the microcontroller was damaged in some way, provoking problems with mathematical calculations.

What hashappenedin reality, is the interruptdid not protectthe registersit used.RestatedAn interrupt
must leave the processor in the same state as it was in when the interrupt initiated

This meansf your interruptusesthe accumulatorjt mustinsurethatthe value of the accumulatoiis the
sameat the end of theinterruptasit wasat the beginning.This is generallyaccomplishedvith a PUSH
and POP sequence at the beginning and end of each interrupt handler. For example:

The guts of the interrupt are the MOV instruction and the ADD instruction. However, these two
instructionsmodify the Accumulator(the MOV instruction)andalsomodify the valueof the carrybit (the
ADD instructionwill causethe carry bit to be set). Since an interrupt routine must guaranteghat the
registersemainunchangedy the routine, the routine pushegshe original valuesonto the stackusingthe
PUSHinstruction.It is thenfree to usethe registersit protectedto its heart’'scontent.Oncethe interrupt
hasfinishedits task,it POPsthe original valuesbackinto the registersWhenthe interruptexits, the main
programwill neverknow the differencebecausehe registersaareexactlythe sameasthey werebeforethe
interrupt executed.
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In generalyour interruptroutinemustprotectthe following registersf theyareusedwithin yourinterrupt
routine:

Program Status Word SFR (PSW)
Data Pointer SFRs (DPH/DPL)

. Accumulator (ACC)

. “B” Register (B)

. “R” Registers (R0-R7)

AWM P

RemembethatPSWconsistof manyindividual bits thataresetby various8052instructions Unlessyou
areabsolutelysureof whatyou aredoingandhavea completeunderstandingf whatinstructionssetwhat
bits, it is generallya good ideato always protect PSW by pushingand poppingit off the stackat the
beginning and end of your interrupts.

Note alsothatmostassembleréin fact, ALL assemblerthat| know of) will not allow you to executethe
instruction:

This is dueto the fact that, dependingon which registerbankis selectedR0 may referto eitherinternal
RAM addres$)0h,08h,10h,or 18h.R0, in andof itself, is not avalid memoryaddresghatthe PUSHand
POPinstructionscanuse. Thus,if you areusingany“R" registerin your interruptroutine,you will have
to do an additional step by first moving the "R" registerto the Accumulatorand then pushing the
Accumulator on the stack. For example, instead of PUSH RO you would execute:

When your interrupt is done, you'd restore the "R" register with code such as:

Of course you mustfirst protectthe accumulatoitself by pushingthe Accumulatoronto the stackbefore
you startusingit to push"R" registersontothe stackandwhenyou aredonerestoringthe "R" registersat
the end of your routine you must restore the Accumulator itself with one additional POP ACC instruction.

10.9 Common Problems with Interrupts

Interruptsare a very powerful tool availableto the 8052 developerbut, whenusedincorrectly, canbe a
sourceof a huge numberof debugginghours. Errors in interrupt routinesare often very difficult to
diagnose and correct.

If you areusinginterruptsandyour programis crashingor doesnot seemto be performingasyou would
expect, always review the following interrupt-related issues:

1. Register Protection: Make sureyou are protectingall your registers as explainedabove.If
you forgetto protecta registerthatyour interruptis using,very strangeresultsmay occur.In
our exampleabove we saw how failure to protect registerscausedthe main programto
apparentlycalculatethat 25h + 10h = 51h. If you witnessproblemswith registerschanging
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valuesunexpectedlyor operationsproducing”incorrect” values,it is very likely thatyou’ve
forgotten to protect registers. ALWAYS PROTECT YOUR REGISTERS.

. Forgetting to restore protected values Anothercommonerroris to pushregistersonto the
stackto protectthem,andthenforgetto pop themoff the stackbeforeexiting the interrupt.
For example,you may pushACC, B, and PSW onto the stackin orderto protectthemand
subsequentlypop only ACC and PSW off the stack before exiting. In this case,sinceyou
forgot to restorethe valueof "B", anextravalueremainson the stack.Whenyou executethe
RETI instructionthe 8051will usethatvalueasthereturnaddressnsteadof thecorrectvalue.
In this case your programwill almostcertainlycrash. ALWAYS MAKE SUREYOU POP
THE SAME NUMBER OF VALUES OFF THE STACK AS YOU PUSHED ONTO IT.

. Using RET insteadof RETI: Remembethatinterruptsarealwaysterminatedwith the RETI

instruction. It is easyto inadvertentlyuse the RET instruction instead.However,the RET

instructionwill notendyour interrupt.Usually,usinga RET insteadof a RETI will causethe
illusion of your main programrunning normally, but your interrupt will only be executed
once.If it appearghatyour interruptmysteriouslystopsexecutingverify thatyou areexiting

with RETI.

Simulators, such as Vault Information Services’ 8052 Simulator for Windows or Pinnacle 52
(http://www.vaultbbs.com/sim8052, http://www.vaultbbs.com/pinnacle), containspecialfeaturesthat will

notify you if you fail to protect registers or commit other common interrupt-related errors.
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Chapter 11: 8052 Assembly Language

Assembly languageis a low-level, pseudo-Englishrepresentationof the microcontroller’s machine
language. Eachassemblylanguageinstructionhasa one-to-onerelation to one of the microcontroller’s
machine-level instructions.

High-level languagessuch as ‘C’, Basic, Visual Basic, etc. are one or more stepsabove assembly
languagen that no significantknowledgeof the underlyingarchitecturds necessary.lt is possible(and
common)for a developerto programa Visual Basic applicationin Windows without knowing much of
anythingaboutthe Windows API, muchlessthe underlyingarchitectureof the Intel Pentium. Further,a
developemwho haswritten codein ‘C’ for Unix won't havesignificantproblemsadaptingto writing code
in ‘C’ for Windowsor a microcontrollersuchasan8052—whiletherearesomevariations,the C compiler
itself takes care of most of the processor-specific issues.

Assemblylanguagepn the otherhand,is very processor-specific While a prior knowledgeof assembly
languagewith any given processomwill be helpful when attemptingto begin coding in the assembly
languageof another processor.the two assemblylanguagesmay be extremely different. Different
architectureshave different instruction sets and different forms of addressing. In fact, only general
concepts may “port” from one processor to another.

The low-level nature of assemblylanguageprogrammingrequiresan understandingpf the underlying
architectureof the processorfor which one is developing. This is why we explainedthe 8052’s
architecturefully before attemptingto introducethe readerto assemblylanguageprogrammingin this
document. Many aspectof assemblylanguagemay be completelyconfusingwithout a prior knowledge
of the architecture.

This section of the documentwill introduce the readerto 8052 assemblylanguage,concepts,and
programming style.

11.1 Syntax

Eachline of an assemblylanguageprogram consistsof the following syntax, eachfield of which is
optional. However, when used, the elements of the line must appear in the following order:

Label — A user-assignedymbolthatdefinesthis instruction’saddressn memory. The label,
if present, must be terminated with a colon.

Instruction — An assembljlanguagenstructionwhich, whenassembledwill performsome
specificfunction when executedoy the microcontroller. The instructionis a psuedo-English
“mnemonic” which relates directly to one machine language instruction.

Comment — The developemay include a commenton eachline for in-line documentation.
Thesecommentsare ignored by the assemblerbut may make it easierto subsequently
understand the code. A comment, if used, must be preceded with a semicolon.

In summary, then, a typical 8052 assembly language line might appear as:
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In this line, the labelis MYLABEL . This meansthatif subsequeninstructionsin the programneedto
makereferenceo this instruction,they maydo so by referringto the label “MYLABEL” ratherthanthe
memory address of the instruction.

The 8052 assemblylanguagenstructionin thisline is MOV A#25h.  Thisis the actualinstructionthat
theassemblewill analyzeandassemblénto the two bytes74h 25h. The first number,74h, is the 8052
machinelanguagenstruction(opcode)’'MOV A #dataValué—which means‘Move the valuedataValue
into the accumulator.” In this case the valueof dataValuewill bethe valueof the bytethatimmediately
follows the opcode. Sincewe wantto load the accumulatomwith the value 25h, the byte following the
opcodeis 25h. As you can see,there is a one-to-onerelationship betweenthe assemblylanguage
instruction and the machine language code that is generated by the assembiler.

Finally, the instruction aboveincludesthe optional comment;This is just a sample comment The
commentmustalwaysstartwith a semi-colon. The semi-colontells the assemblethatthe restof theline
is a comment that should be ignored by the assembler.

Since all fields are optional, the following are also alternatives to the above syntax:

Label without instruction and comment:
Line with label and instruction:

Line with instruction and comment:
Line with label and a comment:

Line with just a comment:

All of the abovepermutationsare completelyvalid. It is up to the developerwhich componentof the
assemblylanguagesyntaxwill be used. But, whenused,they mustfollow the abovesyntaxandin the
correct order.

~— NOTE: It doesnot matterwhatcolumneachfield beginsin. Thatis, alabelmay startat

/@\ the beginningof the line or after any numberof blank spaces.Likewise an instruction
may startin any columnof theline, aslong asit follows any labelthat mayalso be on
that line.

11.2 Number Bases

Most assemblersare capableof acceptingnumeric datain a variety of number bases. Commonly
supported are decimal, hexadecimal, binary, and octal.

Decimal To expressa decimal numberin assemblylanguage,simply enter the numberas
normal.

Hexadecimal To expressa hexadecimahumber,enterthe numberasa hexadecimatalue,and
terminatethe numberwith the suffix “h”. For example,the hexadecimahumber45 would be
expresse@s45h. Further,if the hexadecimahumberbeginswith analphabetiaccharacte(A, B,

C, D, E, or F), the numbermustbe precededvith aleadingzero. For examplethe hexnumber
E4 would be written as OE4h. The leadingzero allows the assembletto differentiatethe hex
number from a symbol since a symbol can never start with a number.

Binary: To express binary number,enterthe binary numberitself followed by a trailing “B”, to
indicate binary. For example, the binary number 100010 would be expressed as 100010B.
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Octal: To expressan octal number,enterthe octal numberitself followed by a trailing “Q”, to
indicate octal. For example, the octal number 177 would be expressed as 177Q.

For example, all of the following instructions load the accumulator with 30 (decimal):

11.3 Expressions

You mayusemathematicagxpressiongn your assemblyanguagenstructionsanywherewvherea numeric
value may be used. For example, both of the following are valid assembly language instructions:

11.4 Operator Precedence

Mathematicabperatorswithin an expressioraresubjectto the following orderof precedence Operators
at the same “level” are evaluated left-to-right.

1 (Highest) O

2 HIGH LOW

3 */ MOD SHL SHR

4 EQNELTLEGTGE=<><<=>>=
5 NOT

6 AND

7 (Lowest) OR XOR

-~ NOTE: If you haveanydoubtaboutoperatomprecedencdt is usefulto useparentheses
@C to force the order of evaluationthat you have contemplated. Evenif it isn’t strictly
necessaryit is often easierto read mathematicalkexpressionsvhen parenthesesave
been added, even when the parentheses aren’t technically necessary.

11.5 Characters and Character Strings

Charactersand characterstrings are enclosedin single-quotesand are convertedto their numeric
equivalent at assemble-time. For example, the following two instructions are the same:

The two instructionsare the samebecausahe assemblewill seethe‘C’ sequencegonvertthe character
containedn quotesto its ASCII equivalent(43H), andusethatvalue. Thusthe secondnstructionis the
same as the first.

Stringsof characterare sometimesnclosedn single-quotesand sometimesenclosedn double-quotes.
For example,Pinnacle52 usesdouble-quotedo indicate a string of charactersand a single-quoteto
indicate a single character. Thus:
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Stringsareinvalid in theabovecontext,althoughthereareotherspecialassembledirectivesthatdo allow
strings. Be sureto checkthe manualfor your assembleto determinewhethercharacteistringsshouldbe
placed within single-quotes or double-quotes.

11.6 Changing Program Flow (LIMP, SIMP, AJMP)

LIMP, SIMP andAJMP areusedasa “go to” in assemblylanguage. They causeprogramexecutionto
continue at the address or label they specify. For example:

The differences between LIMP, SIJIMP, and AJMP are:

1. LIMP requires 3 bytes of program memory and can jump to any address in the program.

2. SIMP requires? bytesof programmemory,but canonly jump to anaddresswithin 128 bytes
of itself.

3. AJMP requires2 bytesof programmemory,but canonly jump to an addressn the same2k
block of memory.

Theseinstructionsperform the sametask, but differ in what addresseghey canjump to and how many
bytes of program memory they require.

LIJMP will always work. You can always use LIMP to jump to any address in your program.

SJIMP requirestwo bytesof memorybut hasthe restrictionthatit canonly jump to aninstructionor label
thatis within 128 bytesbeforeor 127 bytesafterthe instruction.This is usefulif you are branchingto an
address that is very close to the jump itself. You save 1 byte of memory by using SJIMP instead of AJMP.

AJMP alsorequirestwo bytesof memorybut hasthe restrictionthatit canonly jump to aninstructionor
labelthatis in the same2k block of programmemory. Forexample if the AJMP instructionis at address
0200h it could only jump to addresses between 0000h and 07FFh. It could not jump to 800h, for example.

= NOTE: Someoptimizing assemblersllow you to useJMP in your code. While there

/@\ isn't a JMP instruction in the 8052 instruction set, the optimizing assemblerwill
automaticallyreplaceyour JMP with the most memory-efficientinstruction. Thatis, it
will try to useSIMPor AJMP if it is possible butwill resortto LIMP if necessary This
allows you to simply usethe JMP instructionandlet the assembleworry aboutsaving
program memory whenever it is possible.

11.7 Subroutines (LCALL, ACALL, RET)

As in otherlanguages8052assemblyanguagepermitsthe useof subroutines. A subroutines a section
of codethatis calledby a program,doesa task,andthenreturnsto the instructionimmediatelyfollowing
that of the instruction that made the call.
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LCALL andACALL arebothusedto call asubroutine.LCALL requireghreebytesof programmemory
andcancall anysubroutineanywheran memory;ACALL requirestwo bytesof programmemoryandcan
only call a subroutine within the same 2k block of program memory.

Both call instructionswill savethe currentaddres®n the stackandjump to the specifiedaddresor label.
The subroutineat that addresswill perform whatevertask it needsto and then return to the original
instruction by executing thRET instruction.

For example, consider the following code:

The code above starts by calling SUBROUTINE1. Executionwill transferto SUBROUTINE1 and
executenvhatevercodeis foundthere. Whenthe MCU hitsthe RET instructionit will automaticallyreturn
to the nextinstruction,which is LCALL SUBROUTINE2. SUBROUTINE2will thenbe called,execute
its code, and return to the main program when it hits its RET instruction.

== NOTE: It is very importantthat you endall subroutineswith the RET instruction,and

/@\ that all subroutinesexit themselveshy executingthe RET instruction. If you call a
subroutinewith LCALL or ACALL anddon’t executea correspondindRET. Failing to
do so will lead to unpredictable results.

NOTE: Subroutinesmay call other subroutines. For example,in the code above
SUBROUTINEL1 could include an instruction that calls SUBROUTINEZ2.
SUBROUTINE2would then executeand returnto SUBROUTINE1which would then
returnto the instructionthat calledit. However,keepin mind that every LCALL or
ACALL you executeexpandsthe stack by two bytes. If your stackstartsat Internal
RAM address30h and you make 10 successivecalls to subroutinesfrom within
subroutines your stack will expand by 20 bytes to 44h.

NOTE: Recursivesubroutines(subroutinesthat call themselves)re a very popular
methodof solving somecommonprogrammingproblems. However,unlessyou know
for certainthatthe subroutinewill call itself a certainnumberof times, it is generallynot
possibleto use subroutinerecursionin 8052 assemblylanguage. Due to the small
amountof Internal RAM arecursivesubroutinecould quickly causethe stackto fill all
of Internal RAM.

11.8 Register Assignment (MOV)

Oneof the mostcommonlyused8052assemblyanguagenstructionsandthefirst we will introducehere,
is the MOV instruction. 57 of the 254 opcodesare MOV instructionswhich is dueto the fact thatthere
are many ways you can move data between various registers using various addressing modes.
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The MOV instruction is used to “move” data from one register to another—or to simply assign a value to a
register—and has the following general syntax:

MOV DestinationRegisteSourceValue

“DestinationRegistér always indicatesthe registeror addressin which “SourceValué will be stored,
whereasSourceValuéndicatestheregisterthe valuewill betakenfrom, or thevalueitself if it is preceded
by a pound sign (#).

For example:

As you can see,the first parameteis the register,Internal RAM addresspr SFRaddresghata valueis
beingmovedto. Anotherway of looking at it is thatthe first parameteis the registerthatis goingto be
assigned a new value.

Likewise, the secondparametettells the 8052 whereto get the new value. Normally, the value of the
secondparameteindicatesthe Internal RAM or SFR addresdrom which the value shouldbe obtained.
However,if the secondparameters precededyy a poundsign (#), the registerwill be assignedhe value
of the number that follows the pound sign (as is demonstrated in the last example above).

As alreadymentionedthe MOV instructionis one of the mostcommonandvital instructionshatan 8052
assemblylanguageprogrammerwill use. The prospectiveassemblylanguageprogrammermust fully
masterthe MOV instruction. This mayseemsimplebutit requiresknowingall of the permutation®f the
MOV instructionand knowing whento usethem. This knowledgecomeswith time and experienceand
by reviewing the “8052 Instruction Set Overview” (Appendix A).

It is importantthatall typesof MOV instructionsbe understoodsothatthe programmeknowswhattypes
of MOV instructions are available as well as what kinds of MOV instructionsaevailable.

Carefulinspectionof the MOV commandsin the instruction set referencewill revealthat thereis no
“MOV from ‘R’ register to ‘R’ register.” That is to say, the following instruction is invalid:

This is alogical type of operationfor a programmeto wantto implement,but the instructionaboveis not
valid becausdhereis no “MOV from ‘R’ registerto ‘R’ register’MOV instruction. Instead,the above
must be programmed as:

Another combinationthat is not supportedis “MOV indirectly from Internal RAM to anotherIndirect
RAM address”. Again, the following instruction is invalid:
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This is not a valid MOV combination. Instead, this could be programmed as:

Also note that only RO and R1 can be used for “Indirect Addressing”.

-~ Programming Hint: When you find yourself in a situation that you need to execute a

“Atf. type of MOV instruction that doesn't exist, it is generally helpful to use the accumulator.
If a given MOV instruction doesn't exist it can usually be accomplished by using two
MOV instructions that both use the accumulator as a transfer or temporary register.

With this knowledge of the MOV instruction, we can perform some simple memory assignment tasks.

1. Clear the contents of Internal RAM address FFh:

2. Clear the contents of Internal RAM address FFh (more efficient):

3. Clear the contents of all bit memory (Internal RAM addresses 20h through 2Fh):
(Note that this example will later be improved upon to require less code)

11.9 Incrementing and Decrementing Registers (INC/ DEC)

Two instructions,INC and DEC, canbe usedto incrementor decrementhe value of a register,Internal
RAM, or SFR by 1. These instructions are rather self-explanatory.
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TheINC instructionwill add1 to the currentvalue of the specifiedregister. If the currentvalueis 255, it
will “overflow” backto 0. Forexample,f theaccumulatoholdsthe value240andthe INC A instruction
is executed, the accumulator will be incremented to 241.

The DEC instructionwill subtractl from the currentvalueof the specifiedregister. If the currentvalueis
0, it will “underflow” backto 255. For example,if the accumulatoholdsthe value240 andthe DEC A
instruction is executed, the accumulator will be decremented to 239.

-+ NOTE: If you've programmed in assembly language under other architectures, you may

',@( be used to the INC and DEC instructions setting an overflow or underflow flag when the
register overflows from 255 to 0 or underflows from 0 back to 255. This is not the case
with the INC and DEC instructions in 8052 assembly language. Neither of these
instructions affects any flags whatsoever.

11.10 Program Loops (DJNZ)

Many operationsare conductedwithin finite loops. Thatis, a given codesegmenis executedepeatedly
until a given condition is met.

A commontype of loop is a simple “counter loop.” That s, you executethe code segmenta certain
numberof times and finish. This is accomplishedeasily in 8052 assemblylanguagewith the DINZ
instruction. DINZ means “Decrement, Jump if Not Zero”. Consider the following code:

Thisis avery simplecounterloop. Thefirst line initializesROto 8, whichwill bethe numberof timesthe
loop will be executed. The secondine, “LOOP”, is the actualbody of theloop. This could containany
instructionor instructionsyou wish to executerepeatedly. In this casewe justincrementhe accumulator
with the INC A instruction.

The interestingpartis the lastline with the DINZ instruction. This instructionreads‘Decrementthe RO
Registerandif it's notnow zerojump backto LOOP”. Thisinstructionwill decrementhe ROregister. It
will thencheckto seeif the newvalueis zeroand, if it isn’t, will go backto LOOP. Thefirst time this
loop executeROwill bedecrementedrom 08to 07, then07 to 06, andsoon until it decrementérom 01
to 00. At that point, the DINZ instructionwill fail sincethe accumulatoris zerg this will causethe
programto not go backto LOOP and, thus, it will continue executingwith the DEC instruction—or
whatever you want your program to do after the loop is complete.
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DJNZ is oneof the mostcommonwaysto performprogrammingoopsthat executea specificnumberof
times. The numberof timestheloop will be executedlependntheinitial valueof the“R” registerthat
is used by the DINZ instruction.

11.11 Setting, Clearing, and Moving Bits (SETB/CLR/CPL/MQV)

Onevery powerful featureof the 8052architectures its ability to manipulateindividual bits on a bit-by-
bit basis. As mentionedearlierin this documentthereare 128 numberedits (00h through7Fh)that may
be usedby the user’'sprogramasbit variables. Additionally, bits 80h throughFFh allow accesgo SFRs
thataredivisible by 8 on a bit-by-bit basis. The two basicinstructionsto manipulatebits are SETB and
CLR while a third instructionCPL, is also often used.

The SETB instruction will set the specified bit, which means the bit will then have a value of “1”, or “on”.
For example:

As illustrated by these instructions, SETB can be used in a variety of circumstances.

The first example,SETB 20h, setsuserbit 20h. Sinceall bits between00h and 7Fh are userbits, you
know that this correspondso a user-definecit. Sincethesel28userbits residein InternalRAM at the
addressesf 20h through2Fh, it is clearthat bit 20h is the 32 user-definedvit. Eachbyte of Internal
RAM, by definition, holds 8 individual bits so bit 20h would be the lowest bit of Internal RAM 24h.

= NOTE: It is very importantthat you understandhat Bit Memory is a part of Internal

A~ RAM. In the caseof SETB 20h we concludedthat bit 20h is actually the low bit of
InternalRAM addres®4h. Thisis becausdits 00h-07harelnternalRAM addres0h,
bits 08h-0OFharelnternalRAM addres£1h,bits 10h-17harelnternalRAM addres£2h,
bits 18h-1FharelnternalRAM addres23h,andbits 20h-27harelnternal RAM address
24h.

The secondexample, SETB 80h, is similarto SETB 20h. Of course SETB 80h setsbit 80h. However,
remembethat bits 80h-FFhcorrespondo individual bits of SFRs,not Internal RAM. Thus SETB 80h
will actually set bit 0 of SFR 80h which is the PO SFR.

The next instruction, SETB PO0.Q, is identicalto SETB 80h. The only differenceis that we are now
referencingthe bit by name ratherthan number. This will make your assemblylanguagecode more
readable. The assembler will automatically convert “P0.0” to 80h when you assemble your program.

Thenextexample SETB C, is a slightly specialcase. This instructionsetsthe carry bit, which is a very
important bit that is used for many purposes. It is also special in that there is an opcode that means “SETB
C”. While other SETB instructionsrequiretwo bytesof programmemory,the SETB C instructiononly

requires one.
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Finally, the SETB TR1 exampleshowsa typical useof SETBto setanindividual bit of an SFR. In this
case,TR1is TCON.6 (bit 6 of TCON SFR,SFRaddress38h). SinceTCON’s SFR addresss 88hit is
divisible by 8 and, thus, addressable on a bit-by-bit basis.

The CLR instruction functions in the same manner, but clears the specified bit. For example:

Thesetwo instructions, CLR and SETB, are the two fundamentalinstructions used to manipulate
individual bits in 8052 assembly language.

A third bit instruction,CPL, complementshe valueof the givenbit. Theinstructionsyntaxis exactlythe
sameasSETBandCLR, but CPL will “flip thebit.” If thebit wascleared CPL will setit; likewise,if the
bit was set it will be cleared.

Alf~ accumulator. This is the only CLR instructionthat clearsan entire SFRratherthanjust a single

Q NOTE: An additional instruction,CLR A, existswhich is usedto clear the contentsof the
bit. The CLR A instructionis the equivalentof MOV A,#00h. Theadvantag®f usingCLR A is

that it requires only one byte of program memory whereas the MOV A,#00h solution requires two

bytes. An additionalinstruction, CPL A, also exists. This instructionwill flip (complement)
eachbit in the Accumulator. Thusif the Accumulatorholds255(1111111binary),it will hold O
(00000000 binary) after the CPL A instruction has executed.

Finally, the MOV instruction can be usedto move bit values betweenany given bit—user or SFR
bits—andthe Carrybit. TheinstructionsMOV C,bit andMOV bit,C allow thesebit movementgo occur.
Theyfunctionlike the MOV instructiondescribedearlier,moving the value of the secondbit to the value
of the first bit.

Consider the following examples:

Thesecombinationof MOV instructiongthatallow bits to be movedthroughthe Carryflag allow for more
advancedit operationsvithout the needfor “workarounds”thatwould berequiredto movebit valuesif it
weren’t for these MOV instructions.

=+ NOTE: The MOV instruction, when used with bits, can only move bit values to the Carry bit and

?@C from the Carry bit. Thereis no instructionthat allows you to copy directly from one bit to the
otherbit with neitherbit beingthe Carrybit. Thusit is often necessaryo usethe Carry bit asa
temporary bit register to move a bit value from one user bit to another user bit.
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11.12 Bit-Based Decisions & Branching (JB, JBC, JNB, JC, JNC)

It is oftenuseful,especiallyin microcontrollerapplicationsto executedifferentcodebasedon whetheror
not a given bit is set or cleared. The 8052 instruction set offers five instructions that do precisely that.

JB means“Jump if bit set”. The MCU will checkthe specifiedbit and, if it is set, will jump to the
specified address or label.

JBC means'Jumpif bit set,andclearBit”. This instructionis identicalto JB exceptthatif thebit will be
clearedif it wasset. Thatis to say,if thespecifiedbit is set,the MCU will jump to the specifiedaddress
or label and also clear the bit. In somecasesthis can savethe programmerthe useof an extraCLR
instruction.

JNB means'Jumpif bit notset”. Thisinstructionis the oppositeof JB—it teststhe specifiedbit andwill
jump to the specified label or address if the bit was not set.

JC means'Jumpif carryset.” Thisis the sameasthe JB instructionbut it only teststhe carrybit. Since
many operationsand decisionsare basedon whetheror not the carry flag is set,anadditionalinstruction
wasincludedin theinstructionsetto testfor this commoncondition. Thusinseadof usingtheinstruction
“JB C,label”, which takes3 bytesof programmemory,the programmemay use“JC label” which only
takes 2.

JNC means'Jumpif carrybit notset.” This is the oppositeof JC. This instructionteststhe carry bit and
will jump to the specified label or address if the carry bit is clear.

Some examples of these instructions are:

These instructions are very common, and very useful. Virtually all 8052 assembly language programs of
any complexity will use them—especially the JC and JNC instructions.

11.13 Value Comparison (CINE)

CJINE (Compare Jumpif Not Equal)is avery importantinstruction. It is usedto comparethe valueof a

register to another value and branch to another instruction based on whether or not the values are the same.
This is a very commonway of building a switch...casedecision structureor an IF... THEN...ELSE

structure in assembly language.

The CINEinstructioncompareghe valuesof the first two parameter®f theinstructionandjumpsto the
address contained in the third parameter if the first two parameterstacgal.
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As illustrated above,the MCU will comparethe first parameterto the secondparameter. If they are
different then it will jump to the label provided; if the two values are the same then execution will continue
with the next instruction. This can allow the programming of extensive condition evaluations.

For example,we may want to call the PROC_Asubroutineif the Accumulatoris equalto 30h, call the
CHECK_LCD subroutineif the Accumulatorequals42h, and call the DEBOUNCE_KEY subroutineif
the accumulator equals 50h. This could be implemented using CINE as follows:

As you cansee thefirst line compareghe Accumulatorwith 30h. If the Accumulatoris not 30hit jumps
to CHECK2 where the next comparisonwill be made. If the accumulatoris 30h, however, program
executioncontinueswith the nextinstructionwhich callsthe PROC_Asubroutine. Whenthe subroutine
returns the SIMPinstructioncauseghe programto jump aheado the CONTINUE label—thusbypassing
the rest of the checks.

Thecodeat label CHECK2is the sameasthefirst check. It first compareshe Accumulatorwith 42hand
then either branchesto CHECKS or calls the CHECK_LCD subroutineand jumps to CONTINUE.
Finally, the code at CHECK3 doesa final checkfor the value of 50h. This time thereis no SIMP
instruction following the call to DEBOUNCE_KEY since the next instruction is CONTINUE.

Codestructuressimilar to the oneshownabovearevery commonin 8052assemblylanguageprogramso
execute certain code or subroutines based on the value of some register, in this case the Accumulator.

11.14 Less Than and Greater Than Comparison (CIJNE)

Oftenit is necessannot to checkwhethera registeris or isn’t a certainvalue, but ratherto determine
whethera registeris greaterthan or lessthan anotherregisteror value. As it turns out, the CINE
instruction—in combination with the carry flag—allows us to accomplish this.

Whenthe CINE instructionis executechot only doesit compareparameterito parameterZandbranchif
they aren’t equal,it alsosetsor clearsthe carry bit basedon which parameteiis greateror lessthanthe
other.

1. If parameterl < parameter2, the carry bit will be set (set to 1).
2. If parameterl >= parameter2, the carry bit will be cleared (cleared to 0).

This is the way an assembly language program can do a greater than/less than comparison. For example,
if the Accumulator holds some number and we want to know if it is less than or greater than 40h, the
following code could be used:
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The codeabovefirst compareghe Accumulatorto 40h. If theyarethe samethe programwill fall through
to thenextline andjumpto A_IS_EQUAL sincewe alreadyknow theyareequal. If theyaren’tthesame,
executionwill continueat CHECK_LESS. If the carry bit is setit meansthatthe Accumulatorwasless
thanthe secondparamete40h), so we jump to the label A_IS_LESSwhich will handlethe “less than”
condition. If the carry bit wasn’tsetthenexecutionwill fall throughto A_IS_GREATERat which point
you’'d insert the code for the “greater than” condition.

<. NOTE: Keepin mind that CINEwill clearthe carrybit if parameteris greaterthanor equalto

'/@\' parameter2This meanst is very importantthat you checkto seeif the valuesare equalbefore
using the carry bit to determinelessthan/greateithan. Otherwise,you might branchto the
“greater than” condition when, in fact, the two parameters are equal.

11.15 Zero and Non-Zero Decisions (JZ/INZ)

Sometimest is usefulto be ableto simply determinef the Accumulatorholdsa zeroor not. This could
be done with a CJINE instruction, but since thesetypes of testsare so commonin softwarethe 8052
instruction set provides two instructions for this purpdeandJNZ.

JZ will jump to the given addres=or label if the Accumulatoris zero. The instructionmeans*Jump if
Zero.”

JNZ will jump to the givenaddressr labelif the Accumulatoris notzero. Theinstructionmeans'Jump
if Not Zero”.

For example:

Using JZ and/or JNZ is much easier and faster than using CJINE if all you want to test for is a zero/non-
zero value in the Accumulator.

-~ NOTE: Othernon-8052architecturefiavea “Zero Flag” thatis setby instructionsandthe zero-
,@\ testinstructionteststhatflag, not the Accumulator. The 8052,however,hasno ZeroFlagandJZ
and JNZ both test thealue of the Accumulatpnotthe status of any flag.
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11.16 Performing Additions (ADD, ADDC)

The ADD and ADDC instructionsprovidea way to perform8-bit addition. All additioninvolvesadding
somenumberor registerto the Accumulatorandleavingtheresultin the Accumulator. The original value
in the Accumulator is always overwritten with the result of the addition.

The ADD and ADDC instructionsare identical exceptthat ADD will only addthe accumulatorand the
specifiedvalueor registerwhereasADDC will alsoaddthecarrybit. Thedifferencebetweerthetwo, and
the use of both, can be seen in the following code.

This codeassumeshata 16-bit numberis in InternalRAM address30h (high byte) andaddress31h (low
byte). Thecodewill add1045hto thenumbereavingtheresultin addresse82h (high byte)and33h (low
byte).

This codefirst loadsthe accumulatomwith thelow byte of the original numberfrom InternalRAM address
31h. It thenadds45htoit. Sincethe ADD instructionis used,it doesn’tmatterwhatthe carrybit holds.
Theresultis movedto 33h andthe high byte of the original addresss movedto the Accumulatorfrom
address30h. The ADDC instructionthenadds10hto it, plus any carry that might haveoccurredin the
first ADD step.

Both ADD andADDC will setthecarryflag if anadditionof unsignedntegersresultsin anoverflow that
can'tbeheldin theaccumulatorpr will clearthecarryflagif the. Forexamplejf the Accumulatorholds
thevalueFOhandthevalue20his addedto it, the Accumulatorwill holdtheresultof 10handthe carrybit
will beset. Thefact thatthe carry bit is setcanbe subsequentlype usedwith the ADDC to addthe carry
into the next addition instruction.

TheAuxiliary Carry(AC) bit is setif thereis a carryfrom bit 3 andclearedotherwise. Forexample,f the
Accumulatorholdsthe value2Eh andthe value05his addedto it, the Accumulatorwill thenequal33has
expected, but the AC bit will be set since the low nibble overflowed from Eh to 3h.

TheOverflow (OV) bit is setif thereis a carryout of bit 7 but not out of bit 6, or out of bit 6 but not out of
bit 7. Thisis usedin the additionof signednumberdo indicatethata negativenumberwasproducedasa
resultof the additionof two positivenumbersor thata positive numberwas producedoy the addition of
two negativenumbers. For example,adding20hto 70h (two positive numberswould producethe value
90h. However,if the Accumulatoris beingtreatedasa signednumberthe value 90hwould representhe
number—10h. The factthatthe OV bit wassetmeanghatthe valuein the Accumulatorshouldn’treally
be interpreted as a negative number.
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.~ NOTE: Many other (non-8052)architecturenly havea singletype of ADD instruction—one

“\if. thatalwaysincludesthe carry bit in the addition. The reason8052 assemblylanguagehastwo
differenttypesof ADD instructionss to avoidthe needto starteveryadditioncalculationwith a
CLR C instruction. Using the ADD instructionis the sameas using the CLR C instruction
followed by the ADDC instruction.

11.17 Performing Subtractions (SUBB)

The SUBB instructionprovidesa way to perform 8-bit subtraction. All subtractioninvolves subtracting
somenumberor registerfrom the Accumulatorand leaving the resultin the Accumulator. The original
value in the Accumulator is always overwritten with the result of the subtraction.

The SUBB instruction always includes the carry bit in the subtractoperation. This meansif the
Accumulatorholdsthe value38handthe carrybit is set,subtractingghwill resultin 31h(38h—6h—carry
bit).
7. NOTE: SinceSUBB alwaysincludesthe carry bit in its operationjt is necessaryo alwaysclear
“M™  thecarrybit (CLR C) beforeexecutingthefirst SUBB in a subtractioroperationsothatthe prior
status of the carry flag does not affect the instruction.

SUBB setsandclearsthe carry, auxiliary carry,andoverflow bits in muchthe sameway asthe ADD and
ADDC instructions.

SUBB will set the carry bit if the number being subtracted from the Accumulator is larger than the value in
the Accumulator. In otherwords,the carrywill besetif aborrowis neededor bit 7. Otherwisethe carry
bit will be cleared.

The Auxiliary Carry (AC) bit will be set if a borrow is needed for bit 3, otherwise it is cleared.

The Overflow (OV) bit will be setif a borrowinto bit 7 but not into bit 6, or into bit 6 but notinto bit 7.

This is usedwhen subtractingsignedintegers. If subtractinga negativevalue from a positive value
producesa negativenumber,OV will be set.Likewise, if subtractinga positive numberfrom a negative
number produces a positive number the OV flag will also be set.

11.18 Performing Multiplication (MUL)

In additionto additionandsubtractionthe 8052alsooffersthe MUL AB instructionto multiply two 8-bit
values. Unlike additionand subtractionthe MUL AB instructionalways multiplies the contentsof the
Accumulatorby the contentsof the“B” register(SFRFOh). The resultoverwritesboth the Accumulator
and B, placing the low-byte of the result in the Accumulator and the high-byte of the result in B.

For example, to multiply 20h by 75h, the following code could be used:
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Theresultof 20hx 75his OEAOh, thusafter the aboveMUL instructionthe Accumulatorwould hold the
low-byte of the answer(AOh) andB would hold the high-byteof the answer(OEh). The original valuesof
the Accumulator and B are overwritten.

If the resultis greaterthan 255 the Overflow (OV) bit will be set,otherwiseit will be cleared. The carry
bit is always cleared and the auxiliary carry (AC) bit is unaffected.

=+ NOTE: You may multiply anytwo 8-bit valuesusingMUL AB andobtainaresultthatwill fit in

?@C the 16-bitsavailablefor theresultin A andB. This is becausehe largestpossiblemultiplication
would be FFh X FFhwhich would resultin FEO1hwhich comfortablyfits into the 16-bit space.
It is not possible to overflow a 16-bit result space with two 8-bit multipliers.

11.19 Performing Division (DIV)

The last of the basic mathematicsfunctions offered by the 8052 is the DIV AB instruction. This
instruction,as the nameimplies, dividesthe Accumulatorby the value held in the B register. Like the
MUL instruction, this instruction always usesthe Accumulatorand B registers. The integer (whole-
number)portion of the answeris placedin the accumulatoandany remaindeiis placedin the B register.
The original values of the Accumulator and B are overwritten.

For example, to divide F3h by 13h, the following code could be used:

Theresultof F3h/ 13his O0Ch with remainderOFh, thus after this DIV instructionthe Accumulatorwill
hold the value 0Ch and B will hold the value OFh.

The Carry bit andthe Overflow bits are both clearedby DIV, unlessa division by zerois attemptedn
which casethe Overflow bit is set. In the caseof division by zerothe resultin the Accumulatorand B
after the instruction are undefined.

@ NOTE: While the MUL instruction takes two 8-bit values and multiplies them into a 16-bit value,
u™  theDIV instructiontakestwo 8-bit valuesanddividesit into an8-bit valueanda remainder.The
8052 does not provide an instruction that will divide a 16-bit number.

= CODE LIBRARY : You may find sourcecodethat includes16-bit and 32-bit division in the
=  Code Library ahttp://www.8052.com/codelib.phtml

11.20 Shifting Bits (RR, RRC, RL, RLC)

The 8052 offers four instructionswhich are usedto shift the bits in the accumulatotto the left or right by
onebit: RR A, RRC A, RL A, RLC A. Therearetwo instructionsthat shift bits to theright, RR A and
RRCA, andtwo thatshift bits to theleft, RL A andRLC A. TheRRCandRLC instructionsaredifferent
in that they rotate bits through the carry bit, whereas RR and RL don’t involve the carry bit.
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The following illustrations show how each of the instructions manipulatesthe eight bits of the
Accumulator and the carry bit.

RRE A - Rotate accumulator right one hit
T Y Ty Y Ty Y Y

clrlelslelalzlo]o]

RRC A - Rotate accumulator right one hit, with carry
A A A N e N AN A

cllrlelslelalzlo]o]

RL A - Rotate accwmulater lefi one hit
FROFY Y Y Y A
e fsfafs]a]o]e]

RLC A - Rotate accumulator left one bit, with carry
Y o Y Y Al alaya

cflrlel=lsl=lz]r]c]

Usingtheshift instructionsis, obviously,usefulfor bit manipulations.Theycanalsobe used however to
quickly multiply or divided by multiples of two.

For example, if you would like to multiply the Accumulator by two, you could go about this two ways:

Or you could simply use the RLC instruction:
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This maylook like the sameamountof work, butit isn’'t to the MCU. Thefirst approachrequires4 bytes
of programmemoryandtakes6 instructioncycleswhereaghe secondapproachrequiresonly 2 bytesof
programmemoryand?2 instructioncycles. Sothe RLC approachrequireshalf asmuchmemoryandis 3
times as fast.

11.21 Bit-wise Logical Instructions (ANL, ORL, XRL)

The 8052 instruction set offers threeinstructionsto perform the three most commontypes of bit-level
logic which are“Logical And” (ANL), “Logical OR” (ORL), and“Logical ExclusiveOR” (XRL). The
instructions are capable of operating on the Accumulator or an Internal RAM address.

Some examples of these instructions are:

ANL (Logical AND) looks ateachbit of parameterlandcomparest to thesamebit in parameter?2 If the
bit is setin both parametersthe bit remainsset—otherwisethe bit is cleared. The resultis left in
parameterl

ORL (Logical OR) looks at eachbit of parameterlandcomparest to the samebit in parameter2 If the
bit is setin either parameterthe bit remainsset—otherwisethe bit is cleared. The resultis left in
parameterl

XRL (Logical Exclusive OR) looks at eachbit of parameterland comparesit to the samebit in
parameter?2 If the bit is setin oneof thetwo parametershe bit is set—otherwisehe bit is cleared. This
meandf the bit is setin both parameterd will becleared. If it is setin oneof thetwo parameterd will

remain set. If it is clear in both parameters it will remain clear. The result is peftameterl

Thefollowing tablesshowtheresultof eachof theseogical instructionswhenappliedto eachpossiblebit
combination.

ANL 0 1 ORL 0 1 XRL 0 1
0 0 0 0 0 1 0 0 1
1 0 1 1 1 1 1 1 0

Most of the logical bit-wise instructionsaffect entire 8-bit memoryregisters. However,the following
instructionsareavailableto performlogical operationn the carry bit. Theresultof theseinstructionsis
always left in the carry bit and the other bit is left unchanged.

ANL C,bit: This instructionwill performa logical AND betweenthe Carry bit and the specifiedbit. If
both bits are set, the carry bit will remain set. Otherwise the carry bit is cleared.

ANL C,/bit: This instructionperformsa logical AND betweenthe Carry bit and the complemenbf the
specifiedbit. Thatmeansf the bit is set,the carrybit will be ANDed asif it wereclear. If the specified
bit is clear, it will be ANDed with the carry bit as if it were set.
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ORL C,bit: This instructionwill perform a logical OR betweenthe Carry bit and the specifiedbit. If
either the carry bit dboit is set, the carry bit will be set. If neither bit is set, the carry bit will be cleared.

ORL C,/bit: This instruction performsa logical OR betweenthe Carry bit and the complemenbf the
specifiedbit. Thatmeansf the bit is set,the carry bit will be ORedasif it wereclear. If the specifiedbit
is clear, it will be ORed with the carry bit as if it were set.

== NOTE: There is no XRL that operates on the Carry bit and another bit. Only the ANL and
A~ ORL logical instructions are supported with the Carry bit.

11.22 Exchanging Register Values (XCH)

Very oftenyou will wantto swapthe value of the Accumulatorwith the valueof anotherSFRor Internal
RAM address.The XCH instructionallowsyou to do this quickly andwithout usingadditionaltemporary
holding variables.

XCH will takethe value of the Accumulatorand write it to the specifiedSFR or Internal RAM address
while at the same time writing the original value of that SFR or Internal RAM address to the Accumulator.

For example:

11.23 Swapping Accumulator Nibbles (SWAP)

In somecasest canbe usefulto swapthe nibblesof the Accumulator. A nibbleis 4 bits, sotherearetwo
nibblesin the Accumulator. The“high” nibble consistof bits 4 through7 while the “low” nibble consists
of bits 0 through 3.

The SWAP A instructionwill swapthetwo nibblesof the Accumulator. For examplejf the Accumulator
holdsthe value 56h, the SWAP instructionwill convertit to 65h. Likewise, F7hwill be convertednto
7Fh.

or four RR A instructions.

-

Q NOTE: The SWAP A instructionis identicalto executingfour RL A instructions

11.24 Exchanging Nibbles Between Accumulator and Internal RAM (XCHD)

The XCHD instructionswapsthe low nibble of the Accumulatorwith the low nibble of the registeror
Internal RAM address specified in the instruction.

Forexamplejf RO holds87handthe Accumulatorholds24h,thenthe XCHD RO instructionwill resultin
the Accumulator holding 27h and RO holding 84h. The low nibbles of the two were simply exchanged.
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| personallyhave never usedthis instruction, but presumablyit is useful in somesituationssince 11
opcodes of the 8052 instruction set are devoted to it.

11.25 Adjusting Accumulator for BCD Addition (DA)

DA A is a very useful instruction if you are doing BCD-encoded addition.

First of all, BCD standsfor Binary CodedDecimal. BCD is a form of expressingwo decimaldigits in a
single8-bit byte. If you expressany 8-bit valuein hexadecimalit canbe expresseésa numberbetween
00 and FF. Obviously, it is possibleto expressall normal decimal numbersbetween0 and 99 in
hexadecimal format so that, printed as hexadecimal, they appear to be decimal numbers.

For example thedecimaldigits “00” would be representeth BCD as,not surprisingly,00h. Thedecimal
digits“09” would berepresenteth BCD as09h. The decimaldigits “10”, however would be represented
in BCD as10h—butnotethat 10his actually 16 (decimal). That'sbecausen BCD we don’t usethe hex
values A, B, C, D, E, and F. Thus we jump from 09h to 10h.

This is all fine and good, but what happenswhen we want to add two BCD numberstogether? For
example what happensf we add38 to 25? Obviously,in normaldecimalmath,38 + 25 = 63. Ideally,
doing the same addition on BCD encoded values would have the same result.

But 38 encodedasBCD is 38hand25 encodecasBCD is 25h. 38h+ 25h=5Dh. Obviouslytheresultno
longerlookslike a decimalvalue—andhat’s not surprisingsinceBCD doesn’tusethevaluesA, B, C, D,
E, and F.

WhatDA A doesis automatically‘adjusts” the Accumulatorafter the additionof two BCD values. In the
aboveexample,executingDA A whenthe Accumulatorholds 5Dh will resultin the Accumulatorbeing
adjusted to 63h, thus “righting” our rather strange addition.

The detailsof how DA A works andwhy are not extremelyimportantto this tutorial and would tendto
confusethingsratherthanexplainthem. If you planondoingBCD additionl invite you to investigatethis
instructionfurther. For the majority that will not be doing BCD addition, you can safely ignore this
instruction.

11.26 Using the Stack (PUSH/POP)

The stack,aswith any processoris anareaof memorythat canbe usedto storeinformationtemporarily,
including the returnaddresdor returningfrom subroutineghat are calledby ACALL or LCALL. The
8052automaticallyhandleshe stackwhenyou makean ACALL or LCALL, aswell aswhenyou return
with the RET instruction. The stackis also handledautomaticallywhen an interrupt serviceroutine is
triggered by an interrupt, and when you return from the ISR with the RETI instruction.

You canalsousethe stackfor your own purposesandtemporarystorageby usingthe PUSH and POP
instructions. The PUSHinstructionwill “push” a valueontothe stack,andthe POPinstructionwill “pop”
thelastvalueyou pushedon the stack. You may savea valuetemporarilyby PUSHingit onto the stack,
and you may restore that value by POPping it.
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= NOTE: The stackoperateson a Last In-First Out (LIFO) basis. This meansif you PUSH the
@\ values4, 5, and6 (in thatorder),POPpingthemoneat a time will return6, 5, andthen4. The
value mostrecentlyaddedto the stackis the first value thatwill comeoff whenyou executea
POP instruction.

An example using the PUSH and POP instruction is:

The abovecodeis functionally useless—itdoesn’tdo anythinguseful. But it doesillustrate how to use
PUSH and POP.

The codestartsby assigning35hto the Accumulator. It thenPUSHest ontothe stack. We thenadd40h
to the Accumulator,just to changethe Accumulatorto somethingelse. At this point the Accumulator
holds 75h. Finally, we POPfrom the stackinto the Accumulator. Sincethe last value pushedonto the
stack was 35h, the POP restores the value of the Accumulator to 35h.

= NOTE: WhenPUSHingor POPpingthe Accumulator,you mustrefer to it asACC sincethatis
/Q\ the memory location of the SFR. You may not assemblethe instruction PUSH A nor POP
A—Dboth of these will result in an assemble-time error in most, if not all, 8052 assemblers.

Whenusing PUSH,the SFRor InternalRAM addresghat follows the PUSH instructionis the valuethat
will be PUSHedonto the stack. For example,PUSH ACC will pushthe value of the Accumulatoronto
the stack.PUSH 60hwill push the value of Internal RAM address 60h onto the stack.

Likewise, the Internal RAM addressor SFR that follows a POP instruction indicateswhere the value
shouldbe storedwhenit is POPpedrom the stack. For example, POP ACC will popthe nextvalueoff
thestackandinto the Accumulator. POP 40h will popthenextvalueoff the stackandinto InternalRAM
address 40h.

The stackitself residedn InternalRAM andis “managed’by the SP(StackPointer)SFR. SPwill always
point to the Internal RAM address from which the next POP instruction should obtain the data.

1. POPwill returnthevalueof the InternalRAM addresgointedto by SP,thendecremenSP
by 1.

2. PUSH will incrementSP by 1, thenstorethe valueat the IRAM addresghenpointedto by
SP.

SPisinitialized to 07hwhenan8052is first powered-up.Thatmeanghestackwill beginat 08handstart
growing from there. If you push16 valuesonto the stack,for example,the stackwill occupyaddresses
08h through 17h.

Using the stack can be both useful and powerful, but it can also be dangerousvhen incorrectly used.
Remembethat the stackis also usedby the 8052to remembethe return addressesf subroutinesand
interrupts. If you modify the stackincorrectlyit is very easyto causeyour programto crashor to behave
in very unexpected ways.

When using the stack, all but advanced stack users should observe the following recommendations:
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1. Whenusingthe stackfrom within a subroutineor interruptserviceroutine,be sureyou have
one POPinstructionfor every PUSHinstruction. If the numberof POPsand PUSHesaren’t
the same, your program will probably end up crashing.

2. WhenusingPUSH,be sureyou alwaysPOPthatvalue off the stack—evenf you're notin a
subroutine.

3. Besureyou don't jump overthe sectionof codethat POPsa valueoff the stack. A common
erroris to PUSHa value onto the stackandthenexecutea conditionalinstructionthat jumps
over the instructionthat POPsthat value off. This resultsin an unbalancedstackand will
probably end up crashingyour program. Remember,not only must you have a POP
instruction for every PUSH, you must executea POP instruction for every PUSH that is
executed. Make sure your program doesn’t jump over your POP instructions.

4. Always make sure you use the RET instruction to return from subroutinesand RETI
instruction to return from interrupt service routines.

5. As apractice,only modify SPat the very beginningof your programin orderto initialize it.
Once you start using the stack or making calls to subroutines you stovatddify SP.

6. Makesureyour stackhasenoughroom. Forexamplethestackwill startby defaultataddress
08h. If you havea variableat Internal RAM addres20h thenyour stackhasonly 24 bytes
availableto it, from 08h through1Fh. If your stackis 24 byteslong and anothervalueis
pushed onto the stack or another subroutine is called, your variable at 20h will be overwritten.

7. Remembethatthe stackis a LIFO stack,which meansyou mustPOPvaluesoff the stackin
the reverse order that you PUSHed them onto the stack.

Keep in mind, too, that the 8052 can only use Internal RAM for its stack. Evenif you have 64k of
ExternalRAM, the8052canonly useits 256 bytesof InternalRAM for the stack. This meansyou should
use the stack very sparingly.

11.27 Setting the Data Pointer DPTR (MOV DPTR)

The nextfew instructionsusethe DataPointer(DPTR), the 8052’sonly 16-bit register. DPTRis usedto
point to a RAM or ROM address when used with the instructions that will be explained below.

As describecearlier, DPTR really is madeup of two SFRs:DPH and DPL which hold the high and low
bytes,respectively of the 16-bit DataPointer. But whenDPTR is usedto accesanemorythe 8052 will
treat DPTR as a single address.

To set the DPTR to a specific, teOV DPTR instruction is used. This instruction lets you set both DPH
and DPL in a single instruction. However,you can still modify DPTR by accessingDPH and DPL
directly, as illustrated in the following examples:

As you can,thefirst two instructionssetDPTR first to 1234handthento F123h. The nextexamplesets
DPH to 40h, leaving DPTR’s low-byte unchanged. Since the low byte is still 23h from the previous
example,changingDPH to 40hwill resultin DPTR beingequalto 4023h. Finally, we changethe low-
byteto 56h,leavingthe high-byteunchanged Sincethe high-bytewassetto 40hin the previousexample,
setting the low-byte to 56h will leave the DPTR with a value of 4056h.
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In other words, MOV DPTR,#1567his the sameas MOV DPH,#15h and MOV DPL#67h. The
advantage¢o usingMOV DPTRIs thatit usesonly 3 bytesof memoryand?2 instructioncycleswherasthe
other method requires 6 bytes of memory and 4 instruction cycles.

11.28 Reading External RAM/Data Memory (MOVX)

The8052generallyhas128 or 256 bytesof InternalRAM which is accesseavith the MOV instruction,as
describecearlier. However,manyprojectswill requiremorethan256 bytesof RAM. The 8052 hasthe
ability of addressing up to 64k of “External RAM” which takes the form of additional, off-chip ICs.

The MOVX instructionis usedto read and write to ExternalRAM. The MOVX instructionhas four
forms:

MOVX A,@DPTR: Reads External RAM address DPTR into the Accumulator.

MOVX A,@Ri: Reads External RAM address pointed to by RO or R1 into the Accumulator.
MOVX @DPTR,A: Sets External RAM address DPTR to the value of the Accumulator
MOVX @RIi,A: Setsthe External RAM addressheld in RO or R1 to the value of the
Accumulator

PownE

The first two forms move data from External RAM into the Accumulator wheras the last two forms move
data from the Accumulator into External RAM.

MOVX with DPTR: Whenusing the forms of MOVX thatuseDPTR, DPTR will be usedasa 16-bit
memoryaddress.The 8052will automaticallycommunicatewith the off-chip RAM andobtainthe value
of that memory addressand store it in the Accumulator (MOVX A,@DPTR), or will write the
Accumulator to the off-chip RAM (MOVX @DPTR,A).

Forexampleto add5 to thevaluecontainedn ExternalRAM addres®356hthe following codecould be
used:

MOVX with @R0 or @Rl Whenusingthe forms of MOVX thatuse @ROor @R1,R0 or R1 will be
usedto determinethe addresof ExternalRAM to access.Sinceboth RO andR1 are 8-bit registersyou
canonly usetheseformsof MOVX to accesExternalRAM addresse®000hthroughOOFFh,unlessyou
take actions to control the high-byte of the address.

11.29 Reading Code Memory/Tables (MOVC)

It is often usefulto be able to read code memoryitself from within a program. This allows for the
placementof data or tablesin code memoryto be read at run-time by the programitself. This is
accomplished by thelIOVC instruction.
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The MOVC instruction comesin two forms: MOVC A,@A+DPTR and MOVC A @A+PC. Both
instructionsmove a byte of codememoryinto the Accumulator. The codememoryaddressrom which
the byte is read depends on which of the two forms is used.

MOVC A, @A+DPTR will readthebyte from the codememoryaddressalculatedby addingthe current
value of the Accumulatorto that of DPTR. For example,if DPTR holds the value 1234h and the

Accumulatorholds the value 10h then the instructionwould copy the value of code memory address
1244hinto the Accumulator. This canbe thoughtof asan “absolute”readsincethe byte will alwaysbe

readfrom the addressontainedn the two registersAccumulatorandDPTR. DPTRis initialized to point

to the first byte of the table and the Accumulator is used as an offset into the table.

Forexample perhapsve havea tableof valuesthatresidesat 2000hin codememory. We needto write a
subroutinethat obtainsone of thosesix valuesbasedon the value of the Accumulator. This could be
coded as:

MOVC A ,@A+PC will readthe byte from the code memoryaddresscalculatedby addingthe current
value of the Accumulatorto that of the ProgramCounter;thatis, the addressof the currently executing
instruction. This canbethoughtof asa “relative” readsincethe addresof codememoryfrom which the
bytewill be readdependsn wherethe MOVC instructionis foundin memory. This form of MOVC is

used when the data to be read immediately follows the code that is to read it.

For example,if insteadof the datain the aboveexamplebeinglocatedat code memory2000hit were
located right after the routine that read it, we could change the subroutine to:

Notethatin the aboveexamplewe first incrementthe Accumulatorby 1. This is becausehe valueof PC
will be that of the instruction immediately following the MOVC instruction—in this case,the RET
instruction. We don’t wantto getthe RET opcode ratherwe wantthe datathatfollows RET. Sincethe
RET instructionrequiresonebyte of codememorywe needto INCrementthe Accumulatorl byteto “skip
over” the RET instruction.

= NOTE: Thevaluethat Accumulatormustbe incrementedy is the numberof bytesbetweerthe
@\ MOVC instructionandthefirst dataof the tablebeingread. For example f the RET instruction
abovewerereplacedwith anLJMP instruction,whichis 3 byteslong, you would replacethe INC
A instruction with ADD A,#03h to increment the Accumulator by 3.
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11.30 Using Jump Tables (JMP @A+DPTR)

A frequentmethodfor quickly branchingto manydifferentareasin a programis the useof jump tables.
Forexamplef we hadto branchto differentsubroutinedasedon the value of the Accumulatorwe could
accomplish this with the CJINE instruction that we have already covered:

Theabovecodewill work, butif eachadditionalpossiblevaluewill increasehe size of the programby 5
bytes—3 bytes for the CINE instruction and 2 bytes for the AJMP instruction.

A more efficient way is to createa “jump table” by using the IMP @A+DPTR instruction. Like the
MOVC @A+DPTR, this instructionwill calculatean addressby summingthe Accumulatorand DPTR
and then jump to that address. So if DPTR holds 2000h and the Accumulator holds 14h, the JMP
instruction will jump to 2014h.

Consider the following code:

This codefirst takesthe valueof the Accumulatorandmultipliesit by 2 by shifting the Accumulatorto the
left by one bit. Since eachAJMP entry in JUMP_TABLE is 2-byteslong we mustfirst multiply the
Accumulator by two.

The codethenloadsthe DPTRwith the addresof the JUMP_TABLE andproceedd4o JMPto theaddress
of the Accumulatorplus DPTR. Sincewe alreadyknow thatwe wantto jump to the offsetindicatedby
the Accumulator,no additionalchecksare necessary.We jump directly into the tablethat jumpsto our
subroutine. Eachadditionalentry in the jump tablewill requireonly 2 additionalbytes(2 bytesfor each
AJMP instruction).

Q NOTE: It's almostalwaysa goodideato useajump tableif you have2 or morechoicesbasedn

A azero-basedhdex. A jump tablewith justtwo entries like theaboveexamplewill savel byte
of memory over using the CINE approach,and you will save 3 bytes of memory for each
additional entry.

NOTE: An additionalbenefitof jump tablesis thatthe executiontime is alwaysthe same Using
a sequenceof CJINE instructionsmeansthat the code will executefaster if the value being
searchedor is atthe beginningof the CINEsequencandwill executeslowerif it is attheendof
the CINE sequence.A jump table alwaystakesthe sameamountof time to executeand, thus,
can be very helpful in time-critical code which must take a specific amount of time to execute.

8052 Tutorial & Reference — © Copyright 1997-2004 Vault Information Services LLC Pg82
www.8052.com The Online 8052 Resource



Chapter 12: 16-Bit Mathematics with the 8051

The 8052 is an 8-bit microcontroller. This basically meansthat eachmachinelanguageopcodein its
instruction set consists of a single 8-bit value. This permits a maximum of 256 instruction codes (of which
255 are actually used in the 8052 instruction set).

The 8052 alsoworks almostexclusivelywith 8-bit values. The Accumulatoris an 8-bit value,asis each
registerin the RegisterBanks,the StackPointer(SP), and eachof the many SpecialFunction Registers
(SFRs)thatexistin the architecture. In reality, the only valuesthatthe 8052 handleghat aretruly 16-bit
valuesarethe ProgramCounter(PC) that internally indicatesthe next instructionto be executedandthe
Data Pointer (DPTR) which the user programmay utilize to accessexternalRAM as well as directly
access code memory. Other than these two registers, the 8052 works exclusively with 8-bit values.

For example,the ADD instructionwill addtwo 8-bit valuesto producea third 8-bit value. The SUBB
instructionsubtractsan 8-bit value from another8-bit value and producesa third 8-bit value. The MUL
instruction will multiply two 8-bit values and produce a 16-bit value.

.~ Programming Tip: It couldbesaidthatthe MUL instructionis a 16-bit mathinstructionsinceit

“Atf. producesa 16-bit answer. However, its inputs are only 8-bit. The resultis 16-bits out of
necessitysinceany multiplication with two operandgreaterthanthe number16 will producea
16-bitresult. Thus,for the MUL operationto haveany valueat all it wasabsolutelynecessaryo
produce a 16-bit result.

As we can see,the 8052 providesus with a numberof instructionsaimed at performing mathematical
calculations. Unfortunately,they are all work with 8-bit input values--andwe often find ourselves
working with values that simply cannot be expressed in 8-bits.

This tutorial will discuss techniques that allow the 8052 developer to work with 16-bit values in the 8052’s
8-bit architecture.While we will only discussl6-bit mathematicsthe techniquesanbe extendedo any
numberof bits (24-bit, 32-bit, 64-bit, etc.). It's just a matter of expandingthe code to supportthe
additional bytes. The algorithms remain the same.

Thesetutorialswill explainhow to perform16-bit addition,subtractionand multiplication with the 8052.
For the time being, 16-bit division is outside the scope of this tutorial.

- Programming Tip: Comparedo addition,subtractionandmultiplication, divisionis arelatively

?@C complicatedorocess.For thetime being 16-bit division will notbe discussedecausehe author
has not had a needto develop such routines, nor an opportunity to analyzethe processin
performingthe calculation. If you have developeda routine that allows a 16-bit value to be
divided by anotherl6-bit valueandwould like to contributethe codeto 8052.comalongwith a
tutorial similar to those found in these sections, please contac805ztom@8052.com

12.1 How did we learn math in primary school?

Beforejumping into multi-byte mathematicsn machinelanguage]et’s quickly review the mathematics
we learned as children. For example, we learned to add two numbers, say 156 + 248, as follows:
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100's | 10’s 1's
1 5 6
2 4 8
= 4 0 4

How do we calculatethe above? We startin the 1's column,adding6 + 8 = 14. Sincel4 can'’tfit in a
singlecolumn,we leave4 in the1’s columnandcarrythe 1 to the 10’s column. We thenadd5 + 4 =9,
addthe 1 we carried,to get10. Again, 10 doesnot fit in a singlecolumn. Sowe leavethe O in the 10’s
columnandcarry the 1 to the 100’s column. Finally, we add1 + 2 = 3, addthe 1 we carriedto get4,
which is our final answer in the 100’s column. The final answer, thus, is 404.

It is importantto remembethis, whenworking with multi-byte math, becausehe processs goingto be
the same. Let’s start by doing 16-bit addition.

12.2 16-bit Addition

16-bit additionis the additionof two 16-values. First, we mustrecognizethat the addition of two 16-bit
valueswill resultin avaluethatis, at most,17 bits long. Why is this so? Thelargestvaluethatcanfit in
16-bitsis 256* 256- 1 = 65,535. If we add65,535+ 65,535,we gettheresultof 131,070. This valuefits
in 17 bits. Thuswhenaddingtwo 16-bit values,we will geta 17-bitvalue. Sincethe 8051workswith 8-
bit values,we will usethe following statementAdding two 16-bit valuesresultsin a 24-bit value. Of
course,/ of thehighest8 bitswill neverbe used--butve will haveour entireanswerin 3 bytes. Also keep
in mind that we will be working withinsigned integers

= Programming Tip: Anotheroption,insteadof using 3 full bytesfor theanswerjs to use2 bytes

/@\ (16-bits)for the answer,andthe carry bit ( C ), to hold the 17" bit. This is perfectlyacceptable,
andprobablyevenpreferred. The moreadvancegrogrammemill understanéndrecognizethis
option, and be able to make use of it. However, since this is an introduction to 16-bit
mathematicst is our goal thatthe answerproducedby the routinesbein a form thatis easyfor
the readerto utilize, once calculated. It is our belief that this is bestachievedby leaving the
answer fully expressed in 3 8-bit values.

Let’s consideraddingthe following two decimalvalues:6724 + 8923. The answeris, of course,15647.
How do we go about adding thesevalues with the 8051? The first stepis to always work with
hexadecimalvalues: convert the two valuesyou wish to add to hexadecimal. In this case,that is
equivalent to the following hexadecimal addition: 1A44 + 22DB.

How do we addthesetwo numbers?Let’s usethe exactsamemethodwe usedin primary school,andin
the section above:

256’s 1's
1A 44

+ 22 DB
= 3D 1F

First, noticethe difference. We are no longerworking with a 1's, 10’s, and 100’s columns. We arejust
working with two columns:The 1's columnandthe 256’s column. In familiar computerterms:We're
working with the low byte (the 1's column)andthe high byte (the 256’s column). However,the process
is exactly the same.
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First we addthe valuesin the 1's column (low byte): 44 + DB = 11F. Only a 2-digit hexadecimalalue
canfit in a single column, so we leavethe 1F in the low-byte column, and carry the 1 to the high-byte
column. We now addthe high bytes:1A + 22 = 3C, plusthe 1 we carriedfrom the low-byte column. We
arrive at the value 3D.

Thus,ourcompletedanswelis 3D1F. If we convert3D1Fbackto decimal,we arriveatthe answerl5647.
This matcheswith the original additionwe did in decimal. The processvorks. Thusthe only challengeis
to code the above process in 8052 assembly language. As it turns out, this is incredibly easy.

We’'ll use the following table to explain how we’re going to do the addition:

65536’s | 256's 1's
R6 R7

+ R4 R5
= R1 R2 R3

Sincewe’re adding16-bit values,eachvaluerequirestwo 8-bit registers. Essentially thefirst valueto add
will be heldin R6 andR7 (the high bytein R6 andthe low bytein R7)while the secondvalueto addwill

be heldin R4 andR5 (the high bytein R4 andthe low bytein R5). We will leaveour answerin R1, R2,
and R3.

~=y  Programming Tip: Remembethat we mentionedabovethat the sumof two 16-bit valuesis a
/@\ 17-bitvalue. In this case,we’ll be using24-bits(R1, R2, and R3) for our answer,eventhough
we’ll never use more than 1 bit of R1.
Let's review the steps involved in adding the values above:
1. Add the low bytes R7 and R5, leave the answer in R3.
2. Add the high bytes R6 and R4, adding any carry from step 1, and leave the answer in R2.
3. Put any carry from step 2 in the final byte, R1.

We’'ll now convert the above process to assembly language, step by step.

Step 1: Add the low bytes R7 and R5, leave the answer in R3.

Step 2: Add the high bytes R6 and R4, adding any carry from step 1, and leave the answer in R2.

Step 3: Put any carry from step 2 in the final byte, R1.

That's it! Combining the code from the three steps, we come up with the following subroutine:
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And to call our routine to add the two values we used in the example above, we’d use the code:

12.3 16-bit Subtraction

16-bit subtractionis the subtractionof one 16-bit valuefrom another. A subtractionof this natureresults
in anotherl6-bit value. Why? The number65535is a 16-bit value. If we subtractl from it, we have
65534 which is also a 16-bit value. Thus any 16-bit subtraction will result in another 16-bit value.

Let's considerthe subtractionof the following two decimalvalues:8923- 6905. The answeris 2018.
How do we go aboutsubtractinghesevalueswith the 80517 As is the casewith addition,thefirst stepis
to convertthe expressiorto hexadecimal. The abovedecimalsubtractionis equivalentto the following
hexadecimal subtraction: 22DB - 1AF9.

Again, we’ll go back to the way we learned it in primary school:

256’s 1's

22 DB

-1 1A F9
= 7 E2

Firstwe subtracthe secondvaluein the1’s column(low byte): DB - F9. SinceF9is greateithanDB, we
needto “borrow” from the 256’s column. Thuswe actuallyperformthe subtractionlDB - F9 = E2. The
value E2 is what we leave in the 1's column.

Now we mustperformthe subtraction?2 - 1A. However,we mustremembethatwe “borrowed” 1 from
the 256’s column,so we mustsubtractan additionall. So the subtractiorfor the 256’s columnbecomes
22 - 1A -1 =7, which is the value we leave in the 256’s column.
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Thusourfinal answelis 07E2. If we converthis backto decimal,we getthe value2018,which coincides
with the math we originally did in decimal.

As we did with addition,we’ll usea smalltableto help us converthe aboveprocessto 8051 assembly
language:

256’s 1's
R6 R7

-l R4 R5
= R2 R3

Sincewe’re subtractingl 6-bit values,eachvaluerequirestwo 8-bit registers. Essentially the valueto be
subtractedrom will beheldin R6 andR7 (the high bytein R6 andthelow bytein R7) while the valueto
be subtractedvill beheldin R4 andR5 (the high bytein R4 andthe low byte in R5). We will leaveour
answer in R2, and R3.

Let’s review the steps involved in subtracting the values above:

1. Subtract the low bytes R5 from R7, leave the answer in R3.
2. Subtract the high byte R4 from R6, less any borrow, and leave the answer in R2.

We’'ll now convert the above process to assembly language, step by step.

Step 1: Subtract the low bytes R5 from R7, leave the answer in R3.

Step 2: Subtract the high byte R4 from R6, less any borrow, and leave the answer in R2.

. Programming Tip: The SUBB instructionalwayssubtractsghe secondvaluein the instruction
'@\' from the first, lessany carry. While thereare two versionsof the ADD instruction(ADD and
ADDC), one of which ignoresthe carry bit, there is no such distinction with the SUBB

instruction. This means before you perform the first subtraction, you must always be sure to clear

thecarrybit. Otherwise,f the carrybit happengo be setyou’ll endup subtractingit from your
first column value -- which would be incorrect.

Combining the code from the two steps above, we come up with the following subroutine:
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And to call our routine to add the two values we used in the example above, we’'d use the code:

12.4 16-bit Multiplication

16-bit multiplication is the multiplication of two 16-bit valuefrom another. Sucha multiplication results
in a 32-bit value.

.. Programming Tip: Any multiplicationresultsin ananswerthathasa sizeequalto the sumof te

“Aif. numberof bits in eachof the multiplicands. For example multiplying an 8-bit valueby a 16-bit
valueresultsin a 24-bitvalue (8 + 16). A 16-bit valuemultiplied by anotherl6-bit valueresults
in a 32-bit value (16 + 16), etc.

For the sakeof example,let’s multiply 25,136by 17,198. The answeris 432,288,928. As with both
addition and subtraction, let’s first convert the expression into hexadecimal: 6230h x 432Eh.

Once again, let’'s arrangethe numbersin columnsas we did in primary schoolto multiply numbers,
althoughnow the grid becomeanore complicated. The greensectionrepresentshe original two values.
The yellow sectionrepresentghe intermediatecalculationsobtainedby multiplying eachbyte of the
original values. Thered sectionof the grid indicatesour final answer obtainedby summingthe columns
in the yellow area.

Byte | Byte 3| Byte 2 | Byte 1
4

62 30
X 43 2E
08 A0

11 9C

0oC 0A

19 A6

Remembehow we did thisin elementaryschool? Firstwe multiply 2Eh by 30h (byte 1 of bothnumbers),
andplacethe resultdirectly below. Thenwe multiply 2Ehby 62h (byte 1 of the bottomnumberby byte 2
of the uppernumber). This resultis lined up suchthatthe right-mostcolumnendsup in byte 2. Nextwe
multiply 43h by 30h (byte 2 of the bottomnumberby byte 1 of thetop number),againlining up the result
sothattheright-mostcolumnendsup in byte2. Finally, we multiply 43hby 62h (byte 2 of bothnumbers)
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andpositionthe answersuchthat the right-mostcolumnendsup in byte 3. Oncewe’ve donethe above,

we add each column, with appropriate carries, to arrive at the final answer.

Our processn assemblylanguagewill beidentical. Let’'s useour now-familiar grid to helpusgetanidea

of what we’re doing:

Byte 4 | Byte 3 | Byte 2 | Byte 1
R6 R7
* R4 R5
= RO R1 R2 R3

Thusour first numberwill becontainedn R6 andR7 while our seconchumberwill beheldin R4 andR5.
The result of our multiplication will endup in RO, R1, R2 and R3. At 8-bits per register,thesefour
registerggive usthe 32 bits we needto handlethe largestpossiblemultiplication. Our processwill bethe

following:
1. Multiply R5 by R7, leaving the 16-bit result in R2 and R3.
2. Multiply R5 by R6, adding the 16-bit result to R1 and R2.
3. Multiply R4 by R7, adding the 16-bit result to R1 and R2.
4. Multiply R4 by R6, adding the 16-bit result to RO and R1.

We’'ll now convert the above process to assembly language, step by step.

Step 1. Multiply R5 by R7, leaving the 16-bit result in R2 and R3.

Step 2. Multiply R5 by R6, adding the 16-bit result to R1 and R2.

Step 3. Multiply R4 by R7, adding the 16-bit result to R1 and R2.
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Step 4. Multiply R4 by R6, adding the 16-bit result to RO and R1.

Combining the code from the two steps above, we come up with the following subroutine:

And to call our routine to multiply the two values we used in the example above, we’d use the code:
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12.5 16-bit Division

A frequentquestionaskedby 8052 developerss how to do 16-bit division. At first glancedivision seems
more complicatedthan addition, subtraction,or multiplication. However,uponanalyzingthe following
approachgenerouslycontributedby Jorg Rockstroh,we realize that 16-bit division isn’t all that more
complicatedhanthe otherthreetypesof 16-bitmath. 16-bitdivision utilizesbit shifting (RLC andRRC)
and also 16-bit subtraction. With these capabilitiesit turns out that 16-bit division is surprisingly
straightforward.

16-bitdivisionis the division of one16-bit valueby anotherl6-bit value,returninga 16-bit quotientanda
16-bit remainder.

=+ Programming Tip: The number of bits in the quotient and the remainder can never be larger than
?@C thenumberof bitsin the original dividend.For examplejf you aredividing a 16-bitvalueby a 2-
bit value, both the quotientandthe remaindemmustbe ableto handlea 16-bit result.If you are
dividing a 24-bit value by a 16-bit value,the quotientandremaindemmustboth be ableto handle
a 24-hit result.

First, aswe did in the previoussections,let’s recall how division is traditionally done in elementary
school. In this casewe will divide 179by 8. Theseareactuallytwo 8-bit numbersandthe DIV opcode
could be used;but we will use179by 8 for the sakeof simplicity knowing that the sameapproachwill
work equally well with 16-bit values—it would just take longer to walk through the steps.

2
9

8 |1
1
9
6
3

PR o NN

In this example we divide 179 by 8 by using the following steps:

1. We attempt to divide 8 into 1, but it doesn't fit.

2. We attempt to divide 8 into 17 and get 2 (first digit of the answer).

3. We multiply 8 by 2 (the result obtained in step #2) to get 16.

4. We subtract 16 from 17 and get 1.

5. We attempt to divide 8 by the 1 we got in step #4, but it doesn't fit.

6. We bring down the 9 from the dividend to arrive at the number 19.

7. We attempt to divide 8 into 19 and get 2 (second digit of the answer).

8. We subtract 16 from 19 (the number we divided into in step #7) and get 3.
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9.

The value “3” left overin step#8 is the “remainder” of the division, so the answeris 22
remainder 3.

This can be accomplished in code in the following manner:

1.

n

Noor®

8.

9.

Make the divisor the samelengthasthe dividend. In our examplethe dividendwas 3 digits
long (179) sowe needto makethe divisor 3 digits long. Thuswe addtwo zerosandendup
with a divisor of 800.

179 can’tbe divided by 800, sowe “shift” the divisor to theright onedigit. The 800divisor
becomes 80.

179 can be divided by 80 twice, so the first digit of our answer is 2.

We multiply 2 (the result of step #3) by 80 (the current divisor) and get 160.

We subtract 160 (result of step #4) from the dividend and end up 19.

We “shift” the divisor to the right one digit. The 80 divisor becomes 8.

19 (theresultfrom step5) canbe divided by the divisor, 8, twice, so the next digit of our
answer is 2.

We multiply 2 (the result of step #7) by 8 (the current divisor) and get 16.

We subtract 16 (the result of step #8) from the current dividend, 19, for an answer of 3.

10.Thereare no more digits to shift to the right so the “left-over” answerfrom step#9 is our

remainder.

This same approach can be used for 16-bit binary division. Just keep in mind the following points:

1.

2.

Ratherthandetermininghe “largest” bit in the dividendandadjustingthe divisor to thatsame
bit position, we just shift the divisor asfar to the left aswe can. Thatis, 179 decimalis
0000000010110014sa 16-bit binary valueand8 decimalis 0000000000001000While we
couldcheckthe andrealizethat the highestbit usedin 179is bit 7 and shift the divisor until
its highestbit is alsoin bit 7, this turnsout to be needlesslycomplicated. It is easierjust to
shift the value 8 all the way to the left so it becomes 1000000000000000.
Whendoinglong division asdescribedaboveit is necessaryo determineat eachstepwhether
thedivisor fits into thedividend. You arebasicallyasking“ls divisor < dividend?” In binary
all we do is attemptto do a 16-bit subtractionof divisor from dividend. If thjs producesa
carry (carry bit set)thenit meanghe divisor didn't fit into dividendanda “0” goesinto that
position of the answer. If the subtractiondoesn’tproducea carry (carry bit clear) then it
meansthe divisor doesfit into the dividendanda “1” goesinto that position of the answer.
Since this is binary math the answer is either O or 1.

We will now present the code used to accomplish each step of the 16-bit division.

Step 1: Shift Divisor as far left as possible
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In the caseof our example oncethe abovecodeis executedheregisterswill be asfollows (including the
carry bit 'C"):

Step 2: Perform the actual division loop

At this point we cando the division itself. As we arein binary modethereis no needfor a real division--
it's just a comparison as described above. The comparison appears in the code as a 16-bit subtraction.

The first six instructions shifts the current 16-bit divisor one bit to the right. A safe (backup) copy of the
dividend is then made in Internal RAM 06h and 07h. The next section of code subtracts the current shifted
divisor from the dividend. If the subtraction occurred without error then it we know the that the division
was successful and insert a “1” into the result byte at that position; otherwise we know the subtraction
failed so we insert a “0” into the result byte at that position.
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Step 3. Final Clean-up.

Sinceour working resultis storedin R4 and R5, we finish the routine by moving the answerinto R2 and
R3.

To usethe routine,call it with RO/R1with the low/hi byte of the dividend,R2/R3with the low/hi byte of
the divisor. The routine leaves the quotient in R2 and R3 and leaves the remainder in RO and R1.
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Chapter 13: 8052 Microcontroller Pin Functions

While therearemanypackagesn which 8052andderivativesare producedjncluding surface-mountetc.

this chapter will explain the traditional 8052 40-pin DIP pinout. The names and functions of these pins are
almostalwaysfound on 8052-compatiblgartsalthoughthey arecertainlyfoundat different pin numbers.

In all cases you should consult the part’s datasheet to confirm the function of each pin.

T2/P1.001 40 |CC
TE</F11]2 -/ A |Fo0OsADD
F1.213 /P01 AAM
F1.3]4 IF|PO2sAD2
F1.415 36| P03 /AD3
F1.5]|6 BH|FO4/ADY
F1.E]|¥ H|PFOLE/ADE
F1.7 18 33| FOESADE
R5T |9 R |PO7 S ADT

R«D /P3.0[10 | -EA

TeD AP3T N 30 | ALE

ANTO /P22 |12 29| -P5EN

AMTT1 /P33 |13 28| P27 /A15
TO/AP34 114 27 |P2E /A1
T1 /P35 |15 26 |F25 /413
R /P36 |16 2 |F24 /412
-RD APAT |17 24 | P23 /411
xTALZ2 |18 23| P22 /410
“Tal |19 22 |FP21 /43
GMHD |20 2 |P20/48

13.1 1/0 Ports (PO, P1, P2, P3)

Of the 40 pins of thetypical 8052, 32 of them are dedicatedo 1/O lines that havea one-to-onerelation
with SFRsPO, P1,P2,andP3. The developemay raiseandlower theselines by writing 1sor Osto the
correspondingoits in the SFRs. Likewise, the currentstate of theselines may be read by readingthe
corresponding bits of the SFRs.

All of the ports have internal pull-up resistors except for port 0.
13.1.1 Port O

Port0 is dual-functionin thatit in somedesigngport0'’s I/O linesareavailableto the developerto access

external devices while in other designs it is used to access external memory. If the circuit requires external
RAM or ROM, the microcontrollerwill automaticallyuseport 0 to clockin/out the 8-bit dataword aswell
asthelow 8 bits of the addressn responsdo a MOVX instructionandport O I/O lines may be usedfor
otherfunctionsas long as externalRAM isn’'t being accessedt the sametime. If the circuit requires
externalcode memory, the microcontrollerwill automaticallyuse the port 0 I/O lines to accesseach
instructionthatis to be executed. In this case port 0 cannotbe utilized for otherpurposessincethe state

of the 1/O lines are constantly being modified to access external code memory.

Note that there are no pull-up resistorson port 0, so it may be necessaryo include your own pull-up
resistors depending on the characteristics of the parts you will be driving via port 0.
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13.1.2 Port 1

Port1 consistsof 8 I/O linesthat you may useexclusivelyto interfaceto externalparts. Unlike port O,
typical derivativesdo not useport 1 for any functionsthemselves.Port1 is commonlyusedto interfaceto
externalhardwaresuchasLCDs, keypadsandotherdevices. With 8052derivatives two bits of port1 are
optionallyusedasdescribedor extendedimer 2 functions. Thesetwo linesarenot assignedhesespecial
functionson 8051’ssince8051’sdon’t haveatimer 2. Further,theselinescanstill be usedfor your own
purposes if you don't need these features of timer 2.

P1.0(T2): If T2CON.1is set(C/T2),thentimer 2 will be incrementedvhenevetthereis a 1-0 transition
on this line. With C/T2 set, P1.0 is the clock source for timer 2.

P1.1(T2EX): If timer 2 is in auto-reloadnodeandT2CON.3(EXEN2) s set,a 1-0 transitionon this line
will causetimer 2 to be reloadedwith the auto-reloadvalue. This will alsocausethe T2CON.6(EXF2)
external flag to be set, which may cause an interrupt if so enabled.

13.1.3 Port 2

Like port O, port 2 is dual-function. In somecircuit designst is availablefor accessingleviceswhile in
othersit is usedto addressexternal RAM or external code memory. When the MOVX @DPTR
instructionis used,port 2 is usedto outputthe high byte of the memoryaddresghatis to beaccessedIn
thesecasesport 2 maybe usedto acces®therdevicesaslong asthe devicesarenot beingaccessedtthe
sametime a MOVX instructionis using port 2 to addressexternalRAM. If the circuit requiresexternal
codememory,the microcontrollerwill automaticallyusethe port2 1/0O linesto acces®achinstructionthat
is to be executed.In this case port 2 cannotbe utilized for other purposessincethe stateof the I/O lines
are constantly being modified to access external code memory.

.- Tip: Port2 is only modified automticallyby the microcontrollerwhen accessingxternalcode

'/Q\' memoryor whenthe MOVX @DPTRinstructionis used. Port 2 is not affectedby the MOVX
@Ri instructions. It is, of course,affectedby instructionsthat specifically addresst, suchas
MOV P2,#20h.

13.1.4 Port 3

Port 3 consistsentirely of dual-functionl/O lines. While the developemay accessll theselines from
their software by reading/writing to the P3 SFR, each pin has a pre-defined function that the
microcontroller handles automatically when configured to do so and/or when necessary.

P3.0(RXD): The UART/serial port usesP3.0asthe “receiveline.” In circuit designsthatwill be using
the microcontroller’'sinternalserialport, this is the line into which serialdatawill be clocked. Notethat
wheninterfacingan 8052to an RS-232port thatyou may not connectthis line directly to the RS-232pin;
rather,you mustpassit througha partsuchasthe MAX232 to obtainthe correctvoltagelevels. This pin
is availablefor any usethe developermay assignit if the circuit hasno needto receivedatavia the
integrated serial port.

P3.1(TXD): The UART/serialport usesP3.1asthe “transmitline.” In circuit designghatwill be using
the microcontroller’'sinternal serial port, this is the line that the microcontrollerwill clock out all data
which is written to the SBUF SFR. Notethatwheninterfacingan 8052to an RS-232port that you may
not connectthis line directly to the RS-232 pin; rather, you must passit througha part such as the
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MAX232 to obtainthe correctvoltagelevels. This pin is availablefor anyusethe developemay assignit
if the circuit has no need to transmit data via the integrated serial port.

P3.2(-INTO): Whenso configured this line is usedto trigger an “External O Interrupt.” This may either
be low-level triggeredor may be triggeredon a 1-0 transition. Pleaseseethe chapteron interruptsfor
details.This pin is availablefor any usethe developemay assignit if the circuit doesnot needto trigger
an external O interrupt.

P3.3(-INT1): Whenso configured,this line is usedto trigger an “External 1 Interrupt.” This may either
be low-level triggeredor may be triggeredon a 1-0 transition. Pleaseseethe chapteron interruptsfor
details.This pin is availablefor any usethe developemay assignit if the circuit doesnot needto trigger
an external 1 interrupt.

P3.4 (T0): When so configured, this line is usedas the clock sourcefor timer 0. Timer O will be
incrementeceither every instructioncycle that TO is high or everytime thereis a 1-0 transitionon this
line, dependingon how the timer is configured. Pleaseseethe chapteron timersfor details. This pin is
available for any use the developer may assign it if the circuit does not to control timer O externally.

P3.5 (T1): When so configured, this line is usedas the clock sourcefor timer 1. Timer 1 will be
incrementeceither every instructioncycle that T1 is high or everytime thereis a 1-0 transitionon this
line, dependingon how the timer is configured. Pleaseseethe chapteron timersfor details.This pin is
available for any use the developer may assign it if the circuit does not to control timer 1 externally.

P3.6 (-WR): This is external memory write strobe line. This line will be assertedlow by the
microcontrollerwhenevem MOVX instructionwrites to externalRAM. This line shouldbe connectedo
theRAM'’s write (-W) line. This pin is availablefor anyusethe developemay assignit if thecircuit does
not write to external RAM using MOVX.

P3.7 (-RD): This is external memory write strobe line. This line will be assertedlow by the
microcontrollerwhenevem MOVX instructionwrites to externalRAM. This line shouldbe connectedo
theRAM'’s write (-W) line. This pin is availablefor anyusethe developemay assignit if thecircuit does
not read from external RAM using MOVX.

13.2 Oscillator Inputs (XTALL, XTAL2)

The 8052 is typically driven by a crystal connectedo pins 18 (XTAL2) and 19 (XTAL1). Common
crystalfrequenciesare 11.0592Mhzas well as 12Mhz, althoughmany newerderivativesare capableof
accepting frequencies as high as 40Mhz.

While a crystalis thenormalclock sourcethisisn’t necessarilyhecase.A TTL clock sourcemayalsobe
attached to XTAL1 and XTALZ2 to provide the microcontroller’s clock.

13.3 Reset Line (RST)

Pin 9 is the masterresetline for the microcontroller. Whenthis pin is broughthigh for two instruction
cycles,the microcontrolleris effectively reset. SFRs,includingthe I/O ports,arerestoredo their default
conditions and the program counter will be reset to 0000h. Keep in mind that Internal Rédffected
by a reset. The microcontroller will begin executing code at 0000h when pin 9 returns to a low state.
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Theresetline is often connectedo a resetbutton/switchthatthe usermay pressto resetthe circuit. It is
alsocommonto connectthe resetline to awatchdogIC or a supervisodC (suchasMAX707). Thelatter

is highly recommendedor commercial and professionaldesignssince traditional resistor-capacitor
networks attached to the reset line, while often sufficient for students or hobbyists, are not terribly reliable.

13.4 Address Latch Enable (ALE)

The ALE at pin 30 is an output-onlypin thatis controlledentirely by the microcontrollerand allows the
microcontrollerto multiplex the low-byte of a memoryaddressandthe 8-bit dataitself on port 0. Thisis
becausewhile the high-byteof the memoryaddresss senton port 2, port 0 is usedboth to sendthe low-
byte of the memoryaddressand the dataitself. This is accomplishedby placing the low-byte of the
addresson port 0, exerting ALE high to latch the low-byte of the addressnto a latch IC (suchasthe
74HC573),and then placing the 8 data-bitson port 0. In this way the 8052 is ableto outputa 16-bit
address and an 8-bit data word with 16 1/O lines instead of 24.

TheALE line is usedin this fashionboth for accessingxternalRAM with MOVX @DPTRaswell asfor
accessingnstructionsin externalcode memory. When your programis executedfrom externalcode
memory, ALE will pulse at a rate of 1/6" that of the oscillator frequency. Thus if the oscillator is
operatingat 11.0592Mhz ALE will pulseat arate of 1,843,20Qtimesper second. The only exceptionis
when the MOVX instruction is executed one ALE pulse is missed in lieu of a pulse on -WR or —RD.

13.5 Program Store Enable (-PSEN)

The ProgramStore Enable (PSEN) line at pin 29 is exertedlow automaticallyby the microcontroller
whenevelit accessesxternalcodememory. This line shouldbe attachedo the OutputEnable(-OE) pin
of the EPROM that contains your code memory.

PSENwill not be exertedby the microcontrollerandwill remainin a high stateif your programis being
executed from internal code memory.

13.6 External Access (-EA)

TheExternalAccess(-EA) line at pin 31 is usedto determinewhetherthe 8052will executeyour program
from externalcodememaoryor from internalcodememory. If EA is tied high (connectedo +5V) thenthe
microcontrollerwill executethe programit finds in internal/on-chipcodememory. If EA is tied low (to
ground)thenit will attemptto executehe programit finds in the attachedexternalcodememoryEPROM.
Of course,your EPROM must be properly connectedor the microcontrollerto be able to accessyour
program in external code memory.

EA must be tied low for any microcontroller that does not have internal code memory.

.—~- Tip: EvenwhenEA is tied high, indicatingthatthe microcontrollershouldexecutefrom internal

'/@\' codememory,the microcontrollerwill normally attemptto executdrom externalcodememoryif
the program counter referencesan addressnot available for that chip. For example,if the
derivativeyou are usingas4k of internalcode-memoryandyou tie EA high, the derivativewill
start executingthe programit finds on-chip. However,if your on-chip programattemptsto
executecode above OFFFh (i.e. exceeding4k) then the derivative will normally attemptto
executehatcodeat thataddresgrom externalcodememory. Thusit is possibleto havea “split”
designwhere some of your codeis found on-chip and the rest is found off-chip. This can
potentially be very useful from a security standpointwhere your proprietary,trade secretcode
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could be programmedn the microcontrolleritself and protectedwith security bits, while less
sensitive code could be stored on an external EPROM. You could also program the
microcontrollerwith underlying “solid” firmware that will never changeand use a socketed
EPROM to carry sections of code that may be subject to upgrades or changes in the future.
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Appendix A: 8052 Instruction Set Quick-Reference

NOP

AJMP pgOAddr
LIMP addr16
RRA

INC A

INC direct

INC @RO

INC @R1

INC RO

INC R1

INC R2

INC R3

INC R4

INC R5

INC R6

INC R7
JBChitAddr,relAddr
ACALL pgOAddr
LCALL address16
RRC A

DEC A

DEC direct
DEC @RO
DEC @R1
DEC RO

DEC R1

DEC R2

DEC R3

DEC R4

DEC R5

DEC R6

DEC R7

JB bitAddr,relAddr
AJMP pglAddr
RET

RLA

ADD A #data8
ADD A, direct
ADD A,@RO
ADD A,@R1
ADD A,RO
ADD A,R1
ADD A,R2
ADD A,R3
ADD A,R4
ADD A,R5
ADD A,R6
ADD A,R7
JNB bitAddr,relAddr
ACALL pglAddr
RETI

RLC A

ADDC A #data
ADDC A,direct
ADDC A,@RO
ADDC A,@R1
ADDC A,RO
ADDC A,R1
ADDC A,R2
ADDC A,R3
ADDC A,R4
ADDC A,R5
ADDC A,R6
ADDC A,R7

JCrelAddr
AJIMP pg2Addr
ORL directA
ORL dired,#data8
ORL A #data8
ORL Adirect
ORL A,@RO
ORL A,@R1
ORL A,RO

ORL A,R1

ORL A,R2

ORL A,R3

ORL A,R4

ORL A,R5

ORL A,R6

ORL A,R7
JNCrelAddr
ACALL pg2Addr
ANL directA
ORL direct#data8
ANL A #data8
ANL A, direct
ANL A,@RO
ANL A,@R1
ANL A,RO

ANL AR1

ANL A,R2

ANL AR3

ANL AR4

ANL AR5

ANL A,R6

ANL AR7
JZrelAddr
AJMP pg3Addr
XRL directA
XRL direct#data8
XRL A #data8
XRL A, direct
XRL A,@RO
XRL A,@R1
XRL A,RO

XRL A,R1

XRL A,R2

XRL A,R3

XRL A,R4

XRL A,R5

XRL A,R6

XRL A,R7
JNZrelAddr
ACALL pg3Addr
ORL ChitAddr
JMP @A+DPTR
MOV A #data8
MOV direct#data8
MOV @RO,#lata8
MOV @R1,#lata8
MOV RO,#data8
MOV R1,#data8
MOV R2,#data8
MOV R3,#data8
MOV R4,#data8
MOV R5,#data8
MOV R6,#data8
MOV R7,#data8

SJIMPrelAddr
AJIMP pg4Addr
ANL C,bitAddr
MOVC A,@A+PC
DIV AB

MOV direct,direct
MOV direct @RO
MOV direct @R1
MOV directRO
MOV directR1
MOV directR2
MOV directR3
MOV directR4
MOV directR5
MOV directR6
MOV directR7
MOV DPTR,#latal6
ACALL pg4Addr
MOV bitAddr,C
MOVC A,@DPTR
SUBB A #data8
SUBB Adirect
SUBB A,@R0
SUBB A,@R1
SUBB A,RO
SUBB AR1
SUBB AR2
SUBB AR3
SUBB A R4
SUBB AR5
SUBB A,R6
SUBB AR7

ORL C,bitAddr
AJMP pg5Addr
MOV C bitAddr
INC DPTR

MUL AB

MOV @ROdirect

MOV @R1direct

MOV ROdirect

MOV R1direct

MOV R2direct

MOV R3direct

MOV R4 direct

MOV R5direct

MOV R6 direct

MOV R7 direct

ANL C,/bitAddr

ACALL pg5Addr
CPLbitAddr

CPLC

CJNE A #lata8relAddr
CJNE AdirectrelAddr
CJINE @RO,#ata8relAddr
CJINE @R1 #ata8relAddr
CJNE RO,data8relAddr
CJNE R1,data8relAddr
CJNE R2,data8relAddr
CJNE R3,data8relAddr
CJNE R4,data8relAddr
CJNE R5,data8relAddr
CJNE R6,data8relAddr
CJNE R7,data8relAddr

PUSH(direct
AJMP pg6Addr
CLR bitAddr
CLRC

SWAP A

XCH A, direct
XCH A,@R0
XCH A,@R1
XCH A,RO
XCH AR1
XCH AR2
XCH AR3
XCH AR4
XCH AR5
XCH AR6
XCH AR7
POPdirect
ACALL pg5Addr
SETBbitAddr
SETBC

DA A

DJNZ directrelAddr
XCHD A,@RO
XCHD A,@R1
XCHD A,RO
XCHD AR1
XCHD A,R2
XCHD AR3
XCHD AR4
XCHD AR5
XCHD A,R6
XCHD AR7
MOVX A,@DPTR
AJMP pg7Addr
MOVX A,@RO
MOVX A,@R1
CLRA

MOV A, direct
MOV A,@RO
MOV A,@R1
MOV A,RO
MOV A,R1
MOV A,R2
MOV A,R3
MOV A,R4
MOV AR5
MOV A,R6
MOV A,R7
MOVX @DPTR,A
ACALL pg7Addr
MOVX @RO,A
MOVX @R1,A
CPLA

MOV directA
MOV @RO,A
MOV @R1,A
MOV RO,A
MOV R1,A
MOV R2,A
MOV R3,A
MOV R4,A
MOV R5,A
MOV R6,A
MOV R7,A
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Appendix B: 8052 Instruction Set

This appendixis a referencefor all instructionsin the 8052 instruction set. For eachinstruction, the
following information is provided:

Instruction : Indicates the correct syntax for the given opcode.

OpCode The operationcode,in the rangeof 0x00 throughOxFF, that representghe given
instruction in machine code.

Bytes The total number of bytes (including the opcode byte) that make up the instruction.
Cycles The number of machine cycles required to execute the instruction.

Flags The flags that are modified by the instruction, if any.

When listing instruction syntax, the following terms will be used:

bitAddr. Bit address value (00-FF)

pgXAddr Absolute 2k (13-bit) Address

data8 Immediate 8-bit data value

datal6 Immedate 16-bit data value
address1616-bit code address

direct Direct address (IRAM 00-7F, SFR 80-FF)
relAddr. Relative address (-127 to +128 bytes)

ACALL - Absolute Call within 2k Block
Syntax: ACALL codeAddress

Instructions OpCode Bytes Cycles Flags
ACALL pgOAddr 0x11 2 2 None
ACALL pglAddr 0x31 2 2 None
ACALL pg2Addr 0x51 2 2 None
ACALL pg3Addr 0x71 2 2 None
ACALL pg4Addr 0x91 2 2 None
ACALL pg5Addr 0xB1 2 2 None
ACALL pg6Addr 0xD1 2 2 None
ACALL pg7Addr OxF1 2 2 None

ACALL unconditionallycalls a subroutineat the indicatedcode addressACALL pusheshe addressof

the instruction that follows ACALL onto the stack, least-significant-bytefirst, most-significant-byte
second.The Program Counteris then updatedso that program executioncontinuesat the indicated
address.

Thenewvaluefor the ProgramCounteris calculatedby replacingthe least-significant-bytef the Program
Counterwith the secondbyte of the ACALL instruction,and replacingbits 0-2 of the most-significant-
byte of the ProgramCounterwith bits 5-7 of the opcodevalue.Bits 3-7 of the most-significant-byt®f the
Program Counter remain unchaged.

Sinceonly 11 bits of the ProgramCounterare affectedby ACALL, calls may only be madeto routines
located within the same 2k block as the first byte that follows ACALL.

See AlsoLCALL, RET
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ADD, ADDC — Add Value, Add Value with Carry
Syntax: ADD Apperand
Syntax: ADDC Apperand

Instructions OpCode Bytes Cycles Flags

ADD A #data8 0x24 2 1 C,AC, OV
ADD A, direct 0x25 2 1 C,AC, OV
ADD A,@RO 0x26 1 1 C,AC, OV
ADD A,@R1 ox27 1 1 C,AC, OV
ADD A RO 0x28 1 1 C,AC, OV
ADD AR1 0x29 1 1 C,AC, OV
ADD AR2 Ox2A 1 1 C,AC, OV
ADD AR3 0x2B 1 1 C,AC, OV
ADD A R4 0x2C 1 1 C,AC, OV
ADD AR5 0x2D 1 1 C,AC, OV
ADD AR6 Ox2E 1 1 C,AC, OV
ADD AR7 Ox2F 1 1 C,AC, OV
ADDC A #data8 0x34 2 1 C,AC, OV
ADDC A, direct 0x35 2 1 C,AC, OV
ADDC A,@RO0O 0x36 1 1 C,AC, OV
ADDC A,@R1 0x37 1 1 C,AC, OV
ADDC A,RO 0x38 1 1 C,AC, OV
ADDC A,R1 0x39 1 1 C,AC, OV
ADDC A,R2 Ox3A 1 1 C,AC, OV
ADDC A,R3 0x3B 1 1 C,AC, OV
ADDC A,R4 0x3C 1 1 C,AC, OV
ADDC AR5 0x3D 1 1 C,AC, OV
ADDC A,R6 Ox3E 1 1 C,AC, OV
ADDC A,R7 Ox3F 1 1 C,AC, OV

ADD andADDC both addthe value operando the value of the Accumulator,leavingthe resultingvalue
in the Accumulator.The value operands not affected.ADD and ADDC function identically exceptthat
ADDC addsthe value of operandaswell asthe valueof the Carry flag whereasADD doesnot add the
Carry flag to the result.

The Carry bit (C) is setif thereis a carry-outof bit 7. In otherwords, if the unsignedsummedvalue of
the Accumulator,operandand(in the caseof ADDC) the Carryflag exceed®55Carryis set.Otherwise,
the Carry bit is cleared.

TheAuxillary Carry (AC) bit is set if there is a carry-out of bit 3. In other words, if the unsigned summed
valueof thelow nibble of the Accumulator,operandand(in the caseof ADDC) the Carryflag exceedsl5
the Auxillary Carry flag is set. Otherwise, the Auxillary Carry flag is cleared.

TheOverflow (OV) bit is setif thereis a carry-outof bit 6 or out of bit 7, but not both. In otherwords, if

the addition of the Accumulator,operandand (in the caseof ADDC) the Carry flag treatedas signed
valuesresultsin a valuethatis out of the rangeof a signedbyte (-128 through+127)the Overflowflag is
set. Otherwise, the Overflow flag is cleared.

See Also SUBB, DA, INC, DEC
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AJMP — Absolute Jump within 2k Block
Syntax: AJMPcodeAddress

Instructions OpCode Bytes Cycles Flags
AJMP pgOAddr 0x01 2 2 None
AJMP pglAddr 0x21 2 2 None
AJMP pg2Addr 0x41 2 2 None
AJMP pg3Addr 0x61 2 2 None
AJMP pg4Addr 0x81 2 2 None
AJMP pg5Addr OxAl 2 2 None
AJMP pg6Addr 0xC1 2 2 None
AJMP pg7Addr OxE1l 2 2 None

AJMP unconditionallyjumpsto the indicatedcodeAddressThe new value for the ProgramCounteris
calculatedby replacingthe least-significant-byteof the ProgramCounterwith the secondbyte of the
AJMP instruction,andreplacingbits 0-2 of the most-significant-bytef the ProgramCounterwith bits 5-7
of the opcode value. Bits 3-7 of the most-significant-byte of the Program Counter remain unchaged.

Sinceonly 11 bits of the ProgramCounterareaffectedby AJMP, jumpsmay only be madeto codelocated
within the same 2k block as the first byte that follows AJMP.

See AlsoLIMP, SIMP

ANL — Bitwise AND
Syntax: ANLoperand]operand?

Instructions OpCode Bytes Cycles Flags
ANL directA 0x52 2 1 None
ANL direct#data8 0x53 3 2 None
ANL A #data8 0x54 2 1 None
ANL A, direct 0x55 2 1 None
ANL A,@RO 0x56 1 1 None
ANL A,@R1 0x57 1 1 None
ANL A,RO 0x58 1 1 None
ANL A R1 0x59 1 1 None
ANL A R2 Ox5A 1 1 None
ANL A R3 0x5B 1 1 None
ANL A R4 0x5C 1 1 None
ANL AR5 0x5D 1 1 None
ANL A R6 Ox5E 1 1 None
ANL A R7 Ox5F 1 1 None
ANL C,bitAddr 0x82 2 1 C

ANL C,/bitAddr 0xBO 2 1 C

ANL doesa bitwise "AND" operationbetweenoperandland operand? leaving the resulting valuein
operandl1 Thevalueof operand2is not affected.A logical "AND" compareghe bits of eachoperandand
setsthe correspondingit in the resultingbyte only if the bit was setin both of the original operands,
otherwise the resulting bit is cleared.

See AlsoORL, XRL
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CJNE - Compare and Jump if Not Equal
Syntax: CINEbperandloperand2reladdr

Instructions OpCode Bytes Cycles Flags
CJNE A #data8,reladdr 0xB4 3 2 C
CJNE Adirectreladdr 0xB5 3 2 C
CINE @RO,#ata8reladdr 0xB6 3 2 C
CINE @R1,#ata8reladdr 0OxB7 3 2 C
CJINE RO,data8reladdr 0xB8 3 2 C
CJINE R1,data8reladdr 0xB9 3 2 C
CJINE R2,data8reladdr OxBA 3 2 C
CJINE R3,data8reladdr OxBB 3 2 C
CJINE R4, data8reladdr 0xBC 3 2 C
CJINE R5,#data8reladdr OxBD 3 2 C
CJINE R6,data8reladdr OxBE 3 2 C
CJINE R7,data8reladdr OxBF 3 2 C

CJINEcompareghe valueof operandlandoperand2andbranchego the indicatedrelativeaddressf the
two operandsare not equal. If the two operandsare equal programflow continueswith the instruction
following the CINE instruction.

TheCarry bit (C) is set ifoperandlis less thatwperand? otherwise it is cleared.

See AlsoDJNZ

CLR - Clear Register
Syntax: CLRregister

Instructions OpCode Bytes Cycles Flags

CLR bitAddr 0oxC2 2 1 None
CLR C 0xC3 1 1 C
CLR A OxE4 1 1 None

CLR clears (sets to 0) all the bit(s) of the indicated register. If the register is a bit (including the carry bit),
only the specified bit is affected. Clearing the Accumulator sets the Accumulator’s value to 0.

See AlsoSETB
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CPL — Complement Register
Syntax: CPLoperand

Instructions OpCode Bytes Cycles Flags

CPL A OxF4 1 1 None
CPLC 0xB3 1 1 C
CPLbitAddr 0xB2 2 1 None

CPL complement®perand leavingtheresultin operand If operandis a singlebit thenthe stateof the bit
will bereversedIf operandis the Accumulatorthenall the bits in the Accumulatorwill bereversedThis
can be thoughtof as"AccumulatorLogical Exclusive OR 255" or as "255-Accumulator.” If operand
refersto a bit of an outputport, the valuethat will be complementeds basedon the last value written to
that bit, not the last value read from it.

See AlsoCLR, SETB

DA- Decimal Adjust Accumulator
Syntax: DA A

Instructions OpCode Bytes Cycles Flags
DA A 0xD4 1 1 C

DA adjusts the contents of the Accumulator to correspond to a BCD (Binary Coded Decimal) number after
two BCD numbers have been added by the ADD or ADDC instruction.

If the carrybit is setor if thevalueof bits 0-3 exceedd, 0x06is addedto the accumulatorlf the carry bit
was set when the instruction began, or if 0x06 was added to the accumulator in the first step, 0x60 is added
to the accumulator.

TheCarry bit (C) is set if the resulting value is greater than 0x99, otherwise it is cleared.
See AlsoADD, ADDC

DEC — Decrement Register
Syntax: DEQregister

Instructions OpCode Bytes Cycles Flags

DEC A 0x14 1 1 None
DECdirect 0x15 2 1 None
DEC @RO 0x16 1 1 None
DEC @R1 ox17 1 1 None
DEC RO 0x18 1 1 None
DECR1 0x19 1 1 None
DEC R2 Ox1A 1 1 None
DEC R3 0x1B 1 1 None
DEC R4 0x1C 1 1 None
DEC R5 0x1D 1 1 None
DEC R6 Ox1E 1 1 None
DEC R7 Ox1F 1 1 None
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DEC decrementshevalueof registerby 1. If theinitial valueof registeris 0, decrementinghe valuewill
causeit to resetto 255 (OxFF Hex). Note: The Carry Flagis notsetwhenthevalue"rolls over” from O to

255,

See AlsoINC, SUBB

DIV — Divide Accumulator by B

Syntax: DIV AB

Instructions OpCode  Bytes

DIV AB 0x84

1

Cycles
1

Flags
C,ov

Divides the unsignedvalue of the Accumulatorby the unsignedvalue of the "B" register.The resulting

quotient is placed in the Accumulator and the remainder is placed in the "B" register.

TheCarry flag (C) is always cleared.

TheOverflow flag (OV) is set if division by 0 was attempted, otherwise it is cleared.

See AlsoMUL AB

DJNZ — Decrement and Jump if Not Zero

Syntax: DINZregister,relAddr

Instructions

DJNZ directrelAddr
DJNZ ROrelAddr
DJNZ R1relAddr
DJINZ R2relAddr
DJNZ R3relAddr
DJINZ R4relAddr
DJNZ R5relAddr
DJNZ Ré6relAddr
DJINZ R7relAddr

OpCode

0xD5
0xD8
0xD9
OxDA
0xDB
0xDC
0xDD
OxDE
OxDF

Bytes
3

NDNDNNNNDNDDN

Cycles

2

NDNDNDNNNDNDDN

Flags
None
None
None
None
None
None
None
None
None

DJNZ decrementshe value of registerby 1. If the initial value of registeris 0, decrementinghe value
will causat to resetto 255 (OxFFHex). If the newvalueof registeris not0 the programwill branchto the
addressndicatedby relAddr. If thenewvalueof registeris 0, programflow continueswith theinstruction
following the DINZ instruction.

See AlsoDEC, JZ, JNZ
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INC — Increment Reister
Syntax: INCregister

Instructions OpCode Bytes Cycles Flags
INC A 0x04 1 1 None
INC direct 0x05 2 1 None
INC @RO 0x06 1 1 None
INC @R1 0x07 1 1 None
INC RO 0x08 1 1 None
INC R1 0x09 1 1 None
INC R2 Ox0A 1 1 None
INC R3 0x0B 1 1 None
INC R4 0x0C 1 1 None
INC R5 0x0D 1 1 None
INC R6 Ox0E 1 1 None
INC R7 OxOF 1 1 None
INC DPTR OxA3 1 2 None

INC incrementghe valueof registerby 1. If theinitial value of registeris 255 (OxFF Hex), incrementing
thevaluewill causedt to resetto 0. Note: The Carry Flagis not setwhenthe value"rolls over” from 255
to 0.

In the caseof "INC DPTR", the two-byte value of DPTR is incrementedas an unsignedinteger.If the
initial valueof DPTRis 65535(0xFFFFHex),incrementinghe valuewill causet to resetto 0. Again, the
Carry Flag imotset when the value of DPTR "rolls over" from 65535 to 0.

See AlsoADD, ADDC, DEC

JB — Jump if Bit Set
Syntax: JBoitAddr,relAddr

Instructions OpCode Bytes Cycles Flags
JB bitAddr,relAddr 0x20 3 2 None

JB branchedo the addresdndicatedby relAddr if the bit indicatedby bitAddr is set.If the bit is not set
program execution continues with the instruction following the JB instruction.

See AlsoJBC, JNB

JBC — Jump if Bit Set and Clear Bit
Syntax: JBQvitAddr,relAddr

Instructions OpCode Bytes Cycles Flags
JBCbitAddr,reladdr 0x10 3 2 None

JBCwill branchto theaddressndicatedby relAddrif the bit indicatedby bitAddris set.Beforebranching
to relAddr theinstructionwill cleartheindicatedbit. If the bit is not setprogramexecutioncontinueswith
the instruction following the JBC instruction and the value of the bit is not changed.

See AlsoJB, JNB
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JC — Jump if Carry Set
Syntax: JQelAddr

Instructions OpCode Bytes Cycles Flags
JCrelAddr 0x40 2 2 None

JC will branch to the address indicatedrélAddr if the Carry Bit is set. If the Carry Bit is not set program
execution continues with the instruction following the JC instruction.

See AlsoJNC

JMP — Jump to Data Pointer + Accumulator
Syntax: JIMP @A+DPTR

Instructions OpCode Bytes Cycles Flags
JMP @A+DPTR 0x73 1 2 None

JMP jumpsunconditionallyto the addresgepresentetby the sumof the value of DPTR andthe value of
the Accumulator.

See AlsoLIMP, AJMP, SIJMP

JNB — Jump if Bit Not Set
Syntax: JNBbitAddr,reladdr

Instructions OpCode Bytes Cycles Flags
JNB bitAddr,relAddr 0x30 3 2 None

JNB will branchto the addressndicatedby relAddrif the indicatedbit is not set.If the bit is setprogram
execution continues with the instruction following the JNB instruction.

See AlsoJB, JBC

JNC — Jump if Carry Not Set
Syntax: INQreladdr

Instructions OpCode Bytes Cycles Flags
JNCrelAddr 0x50 2 2 None

JNC branchedo theaddressndicatedby relAddrif the carry bit is not set.If the carry bit is setprogram
execution continues with the instruction following the JNB instruction.

See AlsoJC
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JNZ — Jump if Accumulator Not Zero
Syntax: JNZreladdr

Instructions OpCode Bytes Cycles Flags
JNZrelAddr 0x70 2 2 None

JNZwill branchto the addressndicatedby relAddrif the AccumulatorcontainsanyvalueexceptO. If the
value of the Accumulatoris zero programexecutioncontinueswith the instruction following the JINZ
instruction.

See AlsoJZ

JZ — Jump if Accumulator Zero
Syntax: JZreladdr

Instructions OpCode Bytes Cycles Flags
JZrelAddr 0x60 2 2 None

JZ branchedo the addressndicatedby relAddrif the AccumulatorcontainghevalueO. If thevalueof the
Accumulator is non-zero program execution continues with the instruction following the JNZ instruction.

See AlsoJNZ

LCALL —Long Call
Syntax: LCALLaddress16

Instructions OpCode Bytes Cycles Flags
LCALL address16  0x12 3 2 None

LCALL calls a program subroutine.LCALL incrementsthe programcounterby 3 (to point to the
instructionfollowing LCALL) andpushedhatvalueontothe stack, low-bytefirst, high-bytesecondThe
ProgramCounteris thensetto the 16-bit valueaddress16causingprogramexecutionto continueat that
address.

See AlsoACALL, RET

LIMP — Long Jump
Syntax: LJMPaddress16

Instructions OpCode  Bytes Cycles Flags
LIMP address16 0x02 3 2 None

LIMP jumps unconditionally to the specifiaddress16

See Also AJMP, SIMP, JMP
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MOV — Move Memory into/out of Accumulator
Syntax: MOVoperand] operand?2

Instructions OpCode Bytes Cycles Flags
MOV A #data8 0x74 2 1 None
MOV A,@R0 OXE6 1 1 None
MOV A,@R1 OxXE7 1 1 None
MOV @RO,A OxF6 1 1 None
MOV @R1,A OxF7 1 1 None
MOV A RO OXES8 1 1 None
MOV AR1 OxXE9 1 1 None
MOV A R2 OXEA 1 1 None
MOV AR3 OXEB 1 1 None
MOV A R4 OXEC 1 1 None
MOV AR5 OXED 1 1 None
MOV A R6 OXEE 1 1 None
MOV AR7 OXEF 1 1 None
MOV A, direct OxE5 2 1 None
MOV RO,A OxF8 1 1 None
MOV R1,A O0xF9 1 1 None
MOV R2,A OxFA 1 1 None
MOV R3,A OxFB 1 1 None
MOV R4,A OxFC 1 1 None
MOV R5,A OxFD 1 1 None
MOV R6,A OXFE 1 1 None
MOV R7,A OxFF 1 1 None
MOV directA OxF5 2 1 None

MOV copies the value ajperand2into operandl The value obperandZs not affected.

See AlsoMOVC, MOVX, XCH, XCHD, PUSH, POP

MOV — Move into/out of Carry Bit
Syntax: MOVbit1,bit2

Instructions OpCode Bytes Cycles Flags
MOV C,bitAddr O0xA2 2 1 C
MOV bitAddr,C 0x92 2 2 None

MOV copiesthe valueof bit2 into bitl. Thevalueof bit2 is not affected. Either bitl or bit2 mustreferto

the Carry bit.
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MOV — Move into/out of Internal RAM
Syntax: MOVoperandJ]operand?

Instructions OpCode Bytes Cycles Flags
MOV @RO,#lata8 0x76 2 1 None
MOV @R1,#lata8 ox77 2 1 None
MOV @ROdirect OxA6 2 2 None
MOV @R1direct OxA7 2 2 None
MOV RO,#data8 0x78 2 1 None
MOV R1,#data8 0x79 2 1 None
MOV R2,#data8 OxX7A 2 1 None
MOV R3,#data8 0x7B 2 1 None
MOV R4 #data8 0x7C 2 1 None
MOV R5,#data8 0x7D 2 1 None
MOV R6,#data8 Ox7E 2 1 None
MOV R7,#data8 OX7F 2 1 None
MOV ROdirect OxA8 2 2 None
MOV R1direct OxA9 2 2 None
MOV R2direct OxAA 2 2 None
MOV R3direct OxAB 2 2 None
MOV R4 direct OxAC 2 2 None
MOV R5direct OxAD 2 2 None
MOV R6 direct OxXAE 2 2 None
MOV R7 direct OxAF 2 2 None
MOV direct#data8 0x75 3 2 None
MOV direct @RO 0x86 2 2 None
MOV direct @R1 0x87 2 2 None
MOV directRO 0x88 2 2 None
MOV directR1 0x89 2 2 None
MOV directR2 Ox8A 2 2 None
MOV directR3 0x8B 2 2 None
MOV directR4 0x8C 2 2 None
MOV directR5 0x8D 2 2 None
MOV directR6 Ox8E 2 2 None
MOV directR7 Ox8F 2 2 None
MOV directl,direct2 0x85 3 2 None

MOV copies the value ajperand2into operandl The value obperandZs not affected.

Q NOTE: In the caseof "MOV directl,direct2’, the operandoytesof theinstructionarestoredin

A reverseorder. That is, the instruction consistingof the bytes 85h, 20h, 50h means"Move the
contentsof Internal RAM location 0x20 to Internal RAM location 0x50" whereasthe opposite
would be generally presumed.

See AlsoMOVC, MOVX, XCH, XCHD, PUSH, POP
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MOV DPTR — Move value into DPTR
Syntax: MOV DPTR,#datal6

Instructions OpCode Bytes Cycles Flags
MOV DPTR,#latal6 0x90 3 2 None

Sets the value of the Data Pointer (DPTR) to the vé#ti@16

See AlsoMOVX, MOVC

MOVC — Move Code Byte to Accumulator
Syntax: MOVC A,@A+register

Instructions OpCode Bytes Cycles Flags
MOVC A,@A+DPTR 0x93 1 2 None
MOVC A,@A+PC 0x83 1 1 None

MOVC movesa bytefrom codememoryinto the Accumulator.The codememoryaddresgrom which the
byte will be movedis calculatedby summingthe value of the Accumulatorwith either DPTR or the
ProgramCounter(PC). In the caseof the ProgramCounter,PC is first incrementedby 1 beforebeing
summed with the Accumulator.

See AlsoMOV, MOVX

MOVX — Move Data to/from External RAM
Syntax: MOVX operandl,operand2

Instructions OpCode Bytes Cycles Flags
MOVX @DPTR,A OxFO 1 2 None
MOVX @RO,A OxF2 1 2 None
MOVX @R1,A OxF3 1 2 None
MOVX A,@DPTR OXEO 1 2 None
MOVX A,@R0 OxE2 1 2 None
MOVX A,@R1 OXE3 1 2 None

MOVX moves a byte to or from external memory into or from the Accumulator.

If operandlis @DPTR,the Accumulatoris movedto the 16-bit ExternalMemory addressndicatedby
DPTR. This instructionusesboth PO (port 0) and P2 (port 2) to outputthe 16-bit addressand data. If
operand2is DPTR then the byte is moved from external memory into the Accumulator.

If operandlis @R0Oor @R1,the Accumulatoris movedto the 8-bit externalmemoryaddressndicatedby
the specifiedregister.This instructionusesonly PO (port 0) to outputthe 8-bit addressanddata.P2 (port
2) is not affected.If operand2is @RO0 or @R1 thenthe byte is movedfrom externalmemoryinto the
Accumulator.

See AlsoMOV, MOVC
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MUL — Multiply Accumulator by B
Syntax: MUL AB

Instructions OpCode  Bytes Cycles Flags
MUL AB OxA4 1 4 C,ov

Multiplies the unsignedvalue in the Accumulatorby the unsignedvalue in the "B" register.The least-
significantbyte of theresultis placedin the Accumulatorand the most-significant-bytas placedin the
"B" register.

TheCarry Flag (C) is always cleared.

The Overflow Flag (OV) is setif the resultis greaterthan 255 (if the most-significantoyte is not zero),
otherwise it is cleared.

See AlsoDIV

NOP — No Operation
Syntax: NOP

Instructions OpCode  Bytes Cycles Flags
NOP 0x00 1 1 None

NOP, asit’'s namesuggestscauseqo operationto take placefor one machinecycle. NOP is generally
used only for timing purposes. Absolutely no flags or registers are affected.

ORL - Bitwise OR
Syntax: ORL operandl,operand?2

Instructions OpCode Bytes Cycles Flags
ORL directA 0x42 2 1 None
ORL direct#data8 0x43 3 2 None
ORL A, #data8 0x44 2 1 None
ORL Adirect 0x45 2 1 None
ORL A,@RO 0x46 1 1 None
ORL A,@R1 0x47 1 1 None
ORL A,RO 0x48 1 1 None
ORL AR1 0x49 1 1 None
ORL AR2 Ox4A 1 1 None
ORL A,R3 0x4B 1 1 None
ORL A,R4 0x4C 1 1 None
ORL AR5 0x4D 1 1 None
ORL A,R6 Ox4E 1 1 None
ORL AR7 Ox4F 1 1 None
ORL C,bitAddr 0x72 2 2 C

ORL C,bitAddr O0xAO0 2 1 C

ORL doesa bitwise "OR" operationbetweenoperandland operand? leaving the resulting value in
operandl The value of operand2s not affected.A logical "OR" compareghe bits of eachoperandand
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setsthe correspondingpit in the resulting byte if the bit was set in either of the original operands,
otherwise the resulting bit is cleared.

See AlsoANL, XRL

POP — Pop Value from Stack
Syntax: POPregister

Instructions OpCode Bytes Cycles Flags
POPdirect 0xDO 2 2 None

POP"pops"the last value placedon the stackinto the direct addressspecified.In otherwords, POPwiill
load direct with the valueof the InternalRAM addresgointedto by the currentStackPointer.The stack
pointer is then decremented by 1.

= NOTE #1 The addressof direct mustbe an Internal RAM or SFRaddress. You cannotPOP
/@\ directlyinto “R” registerssuchasR0, R1, etc. To popa valueoff the stackinto RO, for example,
you must pop the value into the accumulator and then move the value of the accumulator into RO.

}@C NOTE #2. When popping a value off the stackinto the Accumulator,you must code the

instructionasPOP ACC, notPOP A. Thelatteris invalid andwill resultin anerror atassemble-
time.

See AlsoPUSH

PUSH — Push Value onto Stack
Syntax: PUSHregister

Instructions OpCode Bytes Cycles Flags
PUSH(direct 0xCO 2 2 None

PUSH"pushes'the valueof the specifieddirectaddres®ntothe stack.PUSHfirst incrementghevalue of
the StackPointerby 1, thentakesthe value storedin direct andstoresit in internalRAM at the location
pointed to by the incremented Stack Pointer.

Af> NOTE #1: The addresof direct mustbe an Internal RAM or SFRaddress. You cannotPUSH
directly from “R” registers,suchas R0, R1, etc. To pusha value onto the stackfrom RO, for
example you mustmove RO into the accumulatorthenPUSHthe value of the accumulatoionto
the stack.

= instructionas PUSH ACC, not PUSH A. The latter is invalid and will resultin an error at
assemble-time.

Q NOTE #2: When pushing a value from the accumulator onto the stack into the, you must code the

-

See AlsoPOP
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RET — Return from Subroutine
Syntax: RET

Instructions OpCode Bytes Cycles Flags
RET 0x22 1 2 None

RET is usedto returnfrom a subroutinepreviously called by LCALL or ACALL. Programexecution
continuesat the addressthat is calculatedby popping the top-most2 bytes off the stack. The most-
significant-byte is popped off the stack first, followed by the least-significant-byte.

See AlsoLCALL, ACALL, RETI

RETI — Return from Interrupt
Syntax: RETI

Instructions OpCode Bytes Cycles Flags
RETI 0x32 1 2 None

RETI is usedto returnfrom an interruptserviceroutine. RETI first enablednterruptsof equalandlower
prioritiesto the interruptthatis terminating.Programexecutioncontinuesat the addresshat is calculated
by poppingthe top-most2 bytes off the stack. The most-significant-bytds poppedoff the stackfirst,
followed by the least-significant-byte.

RETI functions identically to RET if it is executed outside of an interrupt service routine.

See AlsoRET

RL — Rotate Accumulator Left
Syntax: RL A

Instructions OpCode Bytes Cycles Flags
RL A 0x23 1 1 C

Shiftsthe bits of theaccumulatoto theleft. Theleft-mostbit (bit 7) of the Accumulatoris loadedinto bit
0.

See AlsoRLC, RR, RRC

RLC — Rotate Accumulator Left Through Carry
Syntax: RLC A

Instructions OpCode Bytes Cycles Flags
RLC A 0x33 1 1 C

Shiftsthe bits of theaccumulatoto theleft. The left-mostbit (bit 7) of the accumulatois loadedinto the
Carry Flag, and the original Carry Flag is loaded into bit O of the Accumulator.

See AlsoRL, RR, RRC
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RR - Rotate Accumulator Right
Syntax: RR A

Instructions OpCode Bytes Cycles Flags
RR A 0x03 1 1 None

Shiftsthe bits of the accumulatotto the right. The right-mostbit (bit 0) of the accumulatoiis loadedinto
bit 7.

See AlsoRL, RLC, RRC

RRC — Rotate Accumulator Right Through Carry
Syntax: RRC A

Instructions OpCode Bytes Cycles Flags
RRC A 0x13 1 1 C

Shiftsthe bits of the accumulatotto the right. The right-mostbit (bit 0) of the accumulatoiis loadedinto
the Carry Flag, and the original Carry Flag is loaded into bit 7.

See AlsoRL, RLC, RR

SETB - Set Bit

Syntax: SETBbitAddr
Instructions OpCode Bytes Cycles Flags
SETBC 0xD3 1 1 C
SETBDbitAddr 0xD2 2 1 None

Sets the specified bit.

If theinstructionrequiresthe Carry bit to be set,theassemblewill automaticallyusethe 0xD3 opcode. If
any other bit is set, the assembler will automatically use the 0xD2 opcode.

See AlsoCLR

SJMP — Short Jump
Syntax: SIMPrelAddr

Instructions OpCode Bytes Cycles Flags
SJIMPrelAddr 0x80 2 2 None

SJIMPjumpsunconditionallyto the addresspecifiedrelAddr. RelAddrmustbewithin -128 or +127 bytes
of the instruction that follows the SIMP instruction.

See AlsoLIMP, AJMP
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SUBB — Subtract from Accumulator with Borrow

Syntax: SUBB Apperand

Instructions OpCode
SUBB A #data8 0x94
SUBB Adirect 0x95
SUBB A,@R0 0x96
SUBB A,@R1 0x97
SUBB A,RO 0x98
SUBB AR1 0x99
SUBB A,R2 Ox9A
SUBB AR3 0x9B
SUBB A R4 0x9C
SUBB AR5 0x9D
SUBB A,R6 Ox9E
SUBB A,R7 Ox9F

Bytes

2

RPRRPRPRPRRRREPRPRN

1

RPRRPRPRPRRRRERPRRPR

Cycles Flags

C, AC, OV
C, AC, OV
C, AC, OV
, AC, OV
C, oV
C, oV
C, oV
C, oV
C, oV
C, oV
C, oV
C, oV

>>>>>> > >

O00000000

SUBB subtractghevalue of operandfrom the valueof the accumulatorleavingtheresultingvaluein the

accumulator. The valugperandis not affected.

The Carry Bit (C) is setif a borrowwasrequiredfor bit 7, otherwiseit is cleared.In otherwords,if the

unsigned value being subtracted is greater than the accumulator the carry flag is set.

The Auxillary Carry (AC) bit is setif a borrow wasrequiredfor bit 3, otherwiseit is cleared.In other
words,the bit is setif thelow nibble of the value beingsubtractedvasgreaterthanthe low nibble of the

accumulator.

The Overflow (OV) bit is setif a borrowwasrequiredfor bit 6 or for bit 7, but not both. In otherwords,
the subtractionof two signedbytesresultedin a value outsidethe rangeof a signedbyte (-128to 127).

Otherwise it is cleared.

See AlsoADD, ADDC, DEC
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SWAP — Subtract Accumulator Nibbles
Syntax: SWAP A

Instructions OpCode Bytes Cycles Flags
SWAP A 0xC4 1 1 None

SWAP swapshits 0-3 of the Accumulatorwith bits 4-7 of the Accumulator.This instructionis identicalto
executing "RR A" or "RL A" four times.

See AlsoRL, RLC, RR, RRC

XCH — Exchange Bytes
Syntax: XCH A,register

Instructions OpCode Bytes Cycles Flags
XCH A,@RO 0xC6 1 1 None
XCH A,@R1 OxC7 1 1 None
XCH A,RO 0xC8 1 1 None
XCH A,R1 0xC9 1 1 None
XCH A,R2 OXCA 1 1 None
XCH A,R3 0xCB 1 1 None
XCH A,R4 OxCC 1 1 None
XCH A,R5 OxCD 1 1 None
XCH A,R6 OxCE 1 1 None
XCH A,R7 OxCF 1 1 None
XCH A,direct 0xC5 2 1 None

Exchanges the value of the accumulator with the value contaimegister

See Also MOV

XCHD — Exchange Digit
Syntax: XCHD A, register

Instructions OpCode Bytes Cycles Flags
XCHD A,@RO0 0xD6 1 1 None
XCHD A,@R1 0xD7 1 1 None

Exchangedits 0-3 of the accumulatomvith bits 0-3 of the Internal RAM addresgointedto indirectly by
RO or R1. Bits 4-7 of each register are unaffected.

See Also DA
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XRL - Bitwise Exclusive OR
Syntax: XRL operandl,operand2

Instructions OpCode Bytes  Cycles Flags
XRL directA 0x62 2 1 None
XRL direct#data8 0x63 3 2 None
XRL A, #data8 0x64 2 1 None
XRL A,direct 0x65 2 1 None
XRL A,@RO 0x66 1 1 None
XRL A,@R1 0x67 1 1 None
XRL A,RO 0x68 1 1 None
XRL A,R1 0x69 1 1 None
XRL A,R2 Ox6A 1 1 None
XRL A,R3 0x6B 1 1 None
XRL A,R4 0x6C 1 1 None
XRL A,R5 0x6D 1 1 None
XRL A,R6 Ox6E 1 1 None
XRL A,R7 Ox6F 1 1 None

XRL doesa bitwise "EXCLUSIVE OR" operationbetweenoperandlandoperand? leavingtheresulting
valuein operandl1 Thevalueof operandds not affected A logical "EXCLUSIVE OR" compareghe bits
of eachoperandand setsthe correspondingdit in the resultingbyte if the bit was setin either (but not
both) of the original operands, otherwise the bit is cleared.

See AlsoANL, ORL

UNDEFINED - Undefined Instruction
Syntax: ???

Instructions OpCode  Bytes Cycles Flags
??7? OxA5 1 1 C

The"undefined"instructionis, asthe namesuggestspot a documentedhstruction.The 8052support255
instructionsandOpCode0xA5 is the single OpCodethatis not usedby any documentedunction. Sinceit
is not documented nor defined it is not recommended that it be executed.

However,basedon my researchexecutingthis undefinedinstructiontakesl machinecycle andappeargo
have no effect on the system except that the Carry Bit always seems to be set.

NOTE: We receivedinput from an 8052.comuserthat the undefinedinstructionreally hasa format of

Undefined bit1,bit2 andeffectively copiesthe valueof bit2 to bitl. In this case,t would be a three-byte
instruction.We haven'thadanopportunityto verify or disprovethis report,sowe presenit to theworld as
"additional information.”

See AlsoNOP
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Appendix C: SFR Quick Reference

Name | Addr | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
B* FO No bit-level significance

ACC* EO No bit-level significance

PSwW* DO CYy AC FO RS1 RSO ov - P
IP* B8 - - PT2 PS PT1 PX1 PTO PX0
P3* BO RD WR T1 TO INT1 INTO TXD RXD
IE* A8 EA - ET2 ES ET1 EX1 ETO EXO
p2* A0 Al5 Al4 Al3 Al2 All Al10 A9 A8
SBUF 0 No bit-level significance

SCON* 98 SMO SM1 SM2 REN TB8 RB8 TI RI
P1* 90 P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0
TH1 8D No bit-level significance

THO 8C No bit-level significance

TL1 8B No bit-level significance

TLO 8A No bit-level significance

TMOD 89 |GATE_1|C/T 1] M11 | MO 1 |GATEO| C/ITO| M1LO | MO
TCON* 88 TF1 TR1 TFO TRO IE1 IT1 IEO ITO
PCON 87 SMOD - - - GF1 GFO PD IDL
DPH 83 No bit-level significance

DPL 82 No bit-level significance

SP 81 No bit-level significance

PO* 80 | AD7 AD6 AD5 AD4 | AD3 | AD2 | AD1 ADO

(*) = SFR which is bit-addressable. SFRs without asteriska@irieit-addressable.

NOTE: Thebit namesassignedo POandP2referto their functionat the hardwardevel. P0.0is
named'ADQ” becausats functionis Address/Datd.ine 0. However,the namesassignedo the
bits of PO and P2 will not be recognizedas valid by a standard8052 assembleunlessyou
specifically define a symbol in your program as referencing those bits.
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Appendix D: SFR Detailed Reference (Alphabetical)

INTERRUPT PRIORITY (IE)

SFR Name IE
SFR Address A8h
Bit-Addressable Yes

Bit-Definitions:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

NAME EA - ET2 ES ET1 EX1 ETO EXO
BIT ADDR AFh AEh ADh ACh ABh AAh AS%h A8h

EA — Enable/Disable All Interrupts. 1=Interrupts enabled

ET2 — Enable Timer 2 Interupt. 1=Interrupt enabled

ES — Enable Serial Interupt 1=Interrupt enabled

ET1 — Enable Timer 1 Interupt. 1=Interrupt enabled

EX1 — Enable External 1 Interupt 1=Interrupt enabled

ETO — Enable Timer O Interupt. 1=Interrupt enabled

EXO — Enable External O Interupt. 1=Interrupt enabled

INTERRUPT PRIORITY (IP)

SFR Name P

SFR Address B8h

Bit-Addressable Yes

Bit-Definitions:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

NAME - - PT2 PS PT1 PX1 PTO PX0
BIT ADDR BFh BEh BDh BCh BBh BAh B9h B8h

PT2 — Priority Timer 2 Interupt . 1=High priority interrupt, O=Low priority interrupt

PS — Priority Serial Interupt. 1=High priority interrupt, O=Low priority interrupt

PT1 — Priority Timer 1 Interupt . 1=High priority interrupt, O=Low priority interrupt

PX1 — Priority External 1 Interupt . 1=High priority interrupt, O=Low priority interrupt
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PTO — Priority Timer O Interupt . 1=High priority interrupt, O=Low priority interrupt

PXO0 — Priority External O Interupt . 1=High priority interrupt, O=Low priority interrupt

PORT 0 (PO)

SFR Name PO
SFR Address 80h
Bit-Addressable Yes

Bit-Definitions:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
NAME AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
BIT ADDR 87h 86h 85h 84h 83h 82h 81h 80h

._ . NOTE: Thesebit namesindicatethat /O line’s function on the PO bus when usedwith
N external memory (code/RAM). A standard 8052 assembler will not recognize these bits by
"M the given names, rather they'll only be recognized as P0.7, P0.6, etc.

._ . NOTE: Port0 is only availablefor generainput/outputif the projectdoesnot useexternal
A code memory or externalRAM. When such externalmemory is used,port O is used
automaticallyby the microcontrollerto addresshe memory and read/writedatafrom/to

said memory.
PORT 1 (P1)
SFR Name P1
SFR Address 90h
Bit-Addressable Yes

Bit-Definitions:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
NAME P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 T2EX T2
BIT ADDR 97h 96h 95h 94h 93h 92h 91h 90h

T2EX — Timer 2 Capture/Reload Optional external capturing or reloading of timer 2.

T2 — Timer 2 External Input. Optionally used to control timer/counter 2 via external source.
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PORT 2 (P2)

SFR Name P2
SFR Address AOh
Bit-Addressable Yes

Bit-Definitions:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
NAME Al5 Al4 Al3 Al2 All Al0 A9 A8
BIT ADDR AT7h A6h A5h Adh A3h A2h Alh AOh

@ NOTE: Thesebit namesindicatethat1/O line’s function on the P2 buswhenusedwith external
M memory (code/RAM). A standard8052 assemblemwill not recognizethesebits by the given
names, rather they’ll only be recognized as P2.7, P2.6, etc.

= NOTE: Port2 is only availablefor generalinput/outputif the projectdoesnot useexternalcode
Q\ memoryor externalRAM. Whensuchexternalmemoryis used,port 2 is usedautomaticallyby
the microcontroller to address the memory and read/write data from/to said memory.

PORT 3 (P3)

SFR Name P3
SFR Address BOh
Bit-Addressable Yes

Bit-Definitions:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
NAME RD WR T1 T0 INT1 INTO TXD RXD
BIT ADDR B7h B6h B5h B4h B3h B2h Blh BOh

RD — Read Strobe O=External memory read strobe.
WR — Write Strobe. 0=External memory write strobe.
T1 — Timer/Counter 1 External Input. Optionally used to control timer/counter 1 via external source.
TO — Timer/Counter 0 External Input. Optionally used to control timer/counter O via external source.
INT1 — External Interrupt 1 . Used to trigger external interrupt 1.
INTO — External Interrupt O . Used to trigger external interrupt O.
TXD — Serial Transmit Data. 8052’s serial transmit line (from 8052 to external device).
RXD — Serial Transmit Data. 8052’s serial receive line (to 8052 from external device).
Q NOTE: Thesebit namesindicate that I/0O line’s function on the P3 bus. A standard8052

assemblewill not recognizethesebits by the given namesyratherthey’ll only be recognizedas
P3.7, P3.6, etc.
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POWER STATUS WORD (PSW)

SFR Name PSW
SFR Address DOh
Bit-Addressable Yes

Bit-Definitions:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
NAME CY AC FO RS1 RSO ov - P
BIT ADDR D7h D6h D5h D4h D3h D2h D1h DOh

CY — Carry Flag. Set or cleared by instructions ADD, ADDC, SUBB, MUL, and DIV.

AC — Auxiliary Carry . Set or cleared by instructions ADD, ADDC.

FO — Flag 0 General flag available to developer for user-defined purposes.

RS1/RS0- Register SelectBits. Thesetwo bits, takentogether,selectthe registerbankwhich will be
used when using “R” registers RO through R7, according to the following table:

Register Register Bank
RS1 RSO Bank Addresses
0 0 0 00h —07h
0 1 1 08h — OFh
1 0 2 10h - 17h
1 1 3 18h — 1Fh

QV - Overflow Flag. Set or cleared by instructions ADD, ADDC, SUBB, and DIV.

P — Parity Flag. Setor clearedautomaticallyby coreto establishevenparity with the accumulatorsuch
thatthe numberof bits setin theaccumulatoplusthe valueof the parity bit will alwaysequalaneven

number.

SERIAL CONTROL (SCON)

SFR Name SCON
SFR Address 98h
Bit-Addressable Yes
Bit-Definitions:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
NAME SMO SM1 SM2 REN TB8 RB8 T RI
BIT ADDR 9Fh 9Eh 9Dh 9Ch 9Bh 9Ah 99h 98h
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SMO0/SM1-Serial Mode. Thesetwo bits, takentogether,selectthe serial modein which the serial port

will operate.
SERIAL
SMO SM1 MODE DESCRIPTION BAUD
0 0 0 Shift Register Oscillator / 12
0 1 1 8-bit UART Variable (T1 or T2)
1 0 2 9-bit UART Oscillator / 64 or /32
1 1 3 9-bit UART Variable (T1 or T2)

SM2 — Serial Mode 2 (Multiprocessor Communication). When this bit is set, multiprocessor
communicatioris enabledn modes2 and3 causingtheRI bit to only be setwhenthe 9" bit of a byte
receiveds set. In model, RI will only besetif avalid stopbit is received. SM2 shouldbe clearedn
mode 0.

REN — ReceivedEnable. Thisbit mustbe setto enabledatareceptionvia the serialport. No datawill be
received by the serial port if this bit is clear.

TB8- Transmit Bit 8. Whenin modes2 and 3, this bit will be the 9" bit thatis sentwhen a byte is
written to SBUF.

RB8—ReceiveBit 8. Whenin modes2 and3, this is the 9" bit thatwasreceived. In model, andif SM2
is set, RB8 holds the value of the stop bit that was received. RB8 is not used in mode 0.

Tl — Transmit Interrupt . Set by hardwarewhen the byte previously written to SBUF has been
completely clocked out the serial port.

RI —Receivelnterrupt . Setby hardwarevhenabyte hasbeenreceivedby the serialport andis availble
to be read in SBUF.
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