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Foreword to Version 1.0

Today microcontrol lers are used in a w de range of applications fromsinple
consuner el ectronic products to conpl ex avioni c conponents. Thus | was not
very surprised to find an 80C31 on the videotext decoder board, | purchased
sone tine ago. Snce it had a poor user interface and many bugs, | thought

| could doit better and so | began to | ook for an 8051 cross assenbl er.

But in contrast to the huge nunber of hardware conponents sol d, the nunber

of peopl e devel opi ng microcontrol | er software seened to be renarkabl e snal |,
and so was the nunber of devel opnent tool s on the narket.

There was a very snmall nunber of good professional cross assenbl ers for $250
and up - too expensive for hobby purposes. Aside of usel ess denmos, there were
no restricted starter kits or school versions avail abl e.

| found al so a few shareware and public domai n assenbl ers. But either they
were poor and not very reliable, or not very 8051-specific, or they used sonme
kind of fantasy syntax that was 100 %conpatible to itself, but far away from
the Intel standard. | didn't like themall!

There seens to be a general |ack of useful and af fordabl e microcontroller
devel opnent software. This is a pity, because their universality, sinple
architectures and | ow prices nake nicrocontrol lers so interesting especially
for hobby and educati on.

SO0 | decided to wite a handy 8051 cross assenbl er for the PC

And here it is: ASEM 51 V1.0
I hope it will help to discover the wonderful world of microcontrollers.

Have fun!

Dei senhofen, July 19, 1994

WW Heinz



Foreword to Version 1.2

Mre than one year has passed, since | had rel eased ASEM51 V1.1 in
Qctober 1994, Although | didn't spend all the time on ASBSM51, V1.2
cones wWth several extensions, bug fixes, and nunerous functional or
i nternal inprovenents!

Hghlights of the newversion are a nearly perfectly featured |i st
file wth cross-reference and sone new printing options, a bootstrap
programfor MCS-51 eval uation boards, and plenty of new *. MU fil es.
For detailed infornmation see the ASEM51 V1.2 Rel ease Notes.

Wiat | have | earned through the last two years is that freeware is
not free, neither for the author nor for the users.

ASEM 51 coul d not be nmade wi th nothing but nunberless free hours,
spent on pure software devel opnent. | al so had to purchase a PASCAL
devel opnent system lots of microcontroller literature, and an 80C535
eval uation board.

The distribution of freeware seens to be a bigger problemthan its
devel opnent. Frst of all, one has to buy a nodem After that, it
costs a lot of tine, fees, trouble, and "interesting" discussions
with the particul ar sysops, until the stuff is posted (or not) on
several BBS and ftp sites.

To publish a programon shareware CD-ROMs, one has only to find out,
which are the nost suitable. For this, it is best to buy a dozen or
two (and a @ RMdrive), and to send the software to the publishers
of those that seemto be the nost popul ar.

The interested users finally have to purchase nodens or CD-ROMdri ves,
and pay the sane fees, or buy the sane (D-ROMs, to get the "freeware"
agai n fromthese public sources.

After all, it nmay be cheaper, faster, and nore convenient, to sinply buy
a professional software solution (if any) in the PC shop at the corner.
But it's not hal f the fun!

ASEM 51 V1.1 had been distributed (and mirrored) to nore than 60 ftp
sites all over the world, uploaded to so many BBS, and published on
at least two shareware (D ROM.

But | only received nails from9 users, a local cockroach, and an
international nonster. The latter two asked ne for pernission, to
sell ASEM51 for (their) profit, and failed mserably.

Mpst of the user nails started wth "I have copied your assenbl er
froman ftp site, which | don't renenber. It is looking fine on the
first glance! By the way, have you got a data sheet of the 80Cxyz?",
or sonething |ike that.

During all the tine, | have recei ved one single error report only.
Snce it had been reported by phone, | couldn't reproduce it.
Nevert hel ess two serious bugs have been fixed since version 1.1, but
| have found themby nysel f in Novenber 1995 bot h.

Sure ASEM51 is no nai nstreamsoftware, but to be honest, | ama
little disappoi nted of the poor user feedback!

Fnally, | should thank the persons, who hel ped ne to rel ease ASEM 51:
Andreas Kies has tested all previous beta versions of the assenbler. He
has distributed the first rel eases, and nai ntained a free ASSM51 support
account right fromthe begi nning.
Gabri el e Novak has checked the orthography of all the docunentation files.
Wrner Allinger has tested the | atest beta version and the bootstrap program
Last but not least, | want to thank all interested users for their comments
and suggest i ons.

Dei senhof en, January 22, 1996

WW Hei nz



I. Introduction

ASEM51 is a two-pass nacro assenbl er for the Intel MCS-51 fanmily of
nmicrocontrol | ers.

It is running on | BMPQ XT/ AT conputers and all true conpati bl es under
Ms-DO5, Wndows, and Li nux.

The DC5 real - node assenbl er ASEM EXE requires only 256 kB of free DC5 nenory
and M5-DCS 3.0 (or higher).

The new prot ect ed- node assenbl er ASEVK EXE requires a 286 CPU (or better),
and at |east 512 kB of free XVB nenory.

The new Wn32 consol e-mode assenbl er ASBMWEXE requires a 386 CPU (or better)
and Wndows 9x, NI, 2000 or XP.

The new Li nux assenbl er asemrequires a 386-based Li nux system

The new HTM. docunentation set requires a 90 Mz Pentium (or better) and a
web browser.

The ASEM 51 assenbly | anguage is a rich subset of the Intel standard that
guar ant ees naxi numconpati bility wth existing 8051 assenbl er sour ces.

ASEM 51 can generate two sorts of object files: Intel-HEX format, which is
directly accepted by nost EPRCM programmers, and absol ute GM~51 fornat,
which is required for many sinmulators, enulators and target debuggers.

Thus ASBEM51 is suitable for small and nedi um MCS-51- based microcontrol | er
projects in hobby, education and busi ness. However, ASEM51 has been desi gned
to process also very large prograns! Its nost inportant features are:

- fast, conpact, reliable, easy to use, and well -docunented

- easy installation, almost no configuration required

- command |ine operation, batch and networking capability

- fully year 2000 conpl i ant

- DO (RMand PV, Wn32 and Li nux bi naries incl uded

- Intel -conpatibl e syntax

- five location counters, one for each of the MCS-51 address spaces
- assenbly-tinme eval uation of arithnetic and | ogi cal expressions
- segnent type checking for instruction operands

- autonati c code optinzation of generic junps and calls

- nmacro processing (that _really_ works)

- nested include file processi ng

- nested conditional assenbly

- absol ute QW51 nodul e out put (w th debug i nfornation)

- Intel-HEX fil e out put

- hex-to-binary conversion utility

- built-in synbol s for 8051 special function registers (can be di sabl ed)
- direct support of more than seventy 8051 derivatives

- support of user-defined 8051 derivatives

- special support of the Philips 83Cr5x fanily

- 8051 register bank support

- detailed assenbler listing with synbol table or cross reference
- further fancy printing facilities ;-)

- docunentation in ASA| and HIM for nat

- bootstrap programfor testing on the MCS-51 target board

- support for easy integration into the popul ar Borland | DE

- limted update service by the aut hor

The ASEM 51 software package has been devel oped wit h:
Borl and- Pascal mit Cbjekten 7.0 (c) Borland International 1992

Delphi 2.0 Aient/Server Suite (¢) Borland International 1996
FreePascal 1.00 (c) Horian K aenpfl 2000



Il. Getting started

Thi s chapter describes the ASBM51 distributions, their installation on the
supported host platforns, and howto use themin daily work.

1.1 DOS and Wndows | npl enent ati on

htil version 1.2, ASBM51 was available in a real -node i npl enentation for
plain M5DC5 only. Meanwhil e a DC5 prot ect ed- node version and a Wn32 consol e
node versi on have been added to the package.

In contrast to the new Linux inplenentation, all the D35 and Wndows fl avours
are functionally identical and their basic operation can therefore be
described together. Only a few minor differences and special features have
to be di scussed separately.

Snce it shoul d be possible to share programsources wth the Linux version,
all DC5 and Wndows executables are able to read ASA Il files in both DG5S and
WN X fornat, but wite ASQIl files in their native (D35 fornat only.

I1.1.1 Fles

Your ASEM51 distribution archive for DY Wndows shoul d contain the fol | ow ng

groups of files:

1.) ASBM51.DOC ASEM 51 Wser's Manual, ASA | fornat
DOCS. HIM index file of the ASBM51 docunentation, HIM for mat
*, HIM further pages of the HM. docunent ati on
*AF A F images referenced by HTM. pages
*. JPG JPEG i nages referenced by HTM. pages
ASEM EXE assenbl er (DC5 real - node)
ASEM Pl F ASEM programinformation file for Wndows 3. 1x
ASEM | GO ASEMicon file for Wndows 3. 1x
ASEVMPNEG EXE ASEM 51 nmessage filter for Borland-1DE
ASENVRMBG PAS Tur bo- Pascal source of ASEVMPMVBG EXE
ASENK. EXE assenbl er (DOB pr ot ect ed- node)
ASEMK PLF ASEMK programinformation file for Wndows 3. 1x
ASEMK | QO ASEMK icon file for Wndows 3. 1x
DPM 1681 . OL Borland's 16-bit DPM server (for ASEMK EXE)
RT™M EXE Borland's 16-bit DPM runtine nanager
ASEMVB2. BAT runs ASSMK with Borland' s 32-bit DPM server
ASEMV EXE assenbl er (Wn32 consol e- node)
HEXBI N EXE hex-to-bi nary conversion utility (DCB)
HEXBI NW BEXE hex-to-bi nary conversion utility (Wn32)
DEMD ASL a sanpl e 8051 assenbl er program
* MU processor definition files of 8051 derivatives
(for a detailed list of MU files see chapter
"M. Support of 8051 Derivatives")
2.) BQOT51. DAC BQOI-51 Wser's Manual, ASA | for nmat
BAOT51. HIM index file of the BOOI-51 docunentation, HIM format
BAOI51. A51 BQOT- 51 assenbl er source (requires ASEM51 VL. 3)
AT Z EXE BAOT-51 customization utility
BGOT. BAT batch file for application program upl oad
UPLQAD. BAT cal | ed by BOOT. BAT only
QOMPCRT. EXE setup utility for PCserial ports
RESETS1. EXE programto reset target systemvia PC ports
SLEEP. EXE programto wait for the reset recovery tine
BLI NK A51 sanpl e test programfor BOOT-51
3.) README 1ST quick infornation, ASAI fornat
LI CENSE DOC ASEM 51 License Agreenent, ASAI fornat
RELEASE. 130 ASEM 51 Rel ease Notes, ASA | fornat
SUPPCRT. DOC ASEM 51 Support Quide, ASA| fornat
| NSTALL. BAT creates a proper ASEM51 installation under M5 DCB
Kl LLASEM BAT deletes all files of the ASEM51 package (DCB)

The first group contains all files directly associated with the assenbl er.
The second group contains all files directly associated with the bootstrap
program The third group contains general support and docunentation files



that apply to the whol e package.

I1.1.2 Installati on under M5s-DC5 or Wndows

In principle ASBM51 doesn't require a fuzzy software installation or
configuration. In the sinplest case you can copy all files of the package
to your working directory, and enjoy the benefits of true plug-and-play
conpatibility!

n the other hand, an installation of ASEM51 under M5-DC5 is very sinple:

- Geate a new enpty scratch directory on your harddi sk.

- Uhpack your ASEM51 distribution archive into this directory,
or copy all files of the ASEM51 package into it.

- Mike the scratch directory default, run the batch file
| NSTALL. BAT provided, and follow the instructions.

If you don't like anything that is running autonatically, or things are not
quite clear, ASEM51 can al so be installed nanual |y as fol |l ows:

- Qeate a newdirectory on your harddi sk, e.g. C\ASEWI1.

- opy all files of the ASSM51 package into this directory.

- Append it to your PATH statenent in file AUTCEXEC BAT, e.g.

PATH C\DC5, C\UTIL; C\ ASEMVGL

- If this has not al ready been done whil e unpacking the distribution
archive, create a subdirectory, e.g. C\ASEM61\MJ and nove all
the *. MU files provided to this subdirectory, for better survey.

- Qeate another subdirectory, e.g. C\ASEMGI\HIM,, and nove al |
the *.HIM *.A@F and *.JPGfiles to this subdirectory, respectively.
(To read that HTM. nanual , invoke your web browser and start wth
file C\ASEWI1\ HIM.\ DOCS. HTM )

- ptional ly define a DC5 environnent variable ASEMBLINC in
AUTCEXEC BAT, to specify a search path for include files, e.qg.

SET ASEMVB1I NC=C \ ASEVG1\ MOU D\ M CRCB\ MCSE1\ | NCL
- For a proper operation of the Borland 16-bit DPM server on conputers
wth nore than 16 MB RAM be sure that BWB86. EXE (included in D35 5.0
or later) is |loaded, and define the environnent variable DPMMEMin
AUTCEXEC BAT as fol | ows:

SET DPM MEVEMAXMVEM 16383

Reboot your PC

I1.1.3 DC5 Gonmand Li ne Qperation

ASEM 51 provides full support of conmand |ine operation and batch capability
as the best commercial devel opnent tools. i)

Neverthel ess, it can be integrated into forei gn devel opnent environnents,

if desired. The assenbler is invoked by typing:

ASEM <sour ce> [ <obj ect> [<listing>]] [<options>]

where <source> i s the 8051 assenbl er source, <object>is the output file,
and <listing>is the assenbler list file. The paraneters <object> and
<listing> are optional. Wien onmtted, the file names are derived fromthe
<source> file nane, but with extensions HEX (or QW) and LST. Al file nanes
nmay be specified wthout extensions. |In these cases, the assenbl er adds
defaul t extensions as shown bel ow

file ext ensi on
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<sour ce> . A51
<obj ect > HEX (wth /QwW51 option: . QW)
<listing> .LST

If you want a file name to have no extension, termnate it wtha'."!
Instead of file nanes you nmay al so specify device nanes to redirect the
output to character |/Oports. Device names nay be terminated wth a':"!
It is not checked, whether the device is existing or suitable for the task.
Athough it is possible to read the source file froma character device
(e.g. QN) instead of a file, this cannot be recommended: S nce ASEM 51
is atwo-pass assenbler, it always reads the source file tw ce!

ASEM recogni zes the fol | ow ng options:

/I NQLUCES: pathl[;path2[; ... ;pathn]]
/ DEFl NE synbol [ : val ue[ : type] ]

/ QW51

/ GLUMNS

/I QU ET

Wien the /1 NOLUDES option is used, the assenbl er searches the specified
path for include files that cannot be found in the working directory.
The path may be any nunber of directories separated by ';' characters.
The directories will be searched fromleft to right.

The path, specified with the /I NCLUDES option, is searched before the
path, defined with the (optional) DC5 environnent variabl e ASENb1INA

The /DEFINE option is useful for selecting particul ar programvariants
fromthe coomand |ine that have been inpl enented with conditional assenbly.
It allows to define a synbol with a value and a segnent type in the
command |ine. Value and type are optional. The segnent type of the synbol
defaults to NNMBER if onmitted. The synbol value defaults to O, if omtted.
The synbol val ue nay be any nunerical constant. The synbol type nmust be one
of the follow ng characters:

Qe

DATA

| DATA

XDATA

BT

NUMBER (defaul t)

ZWX—T OO0

By default, ASEM51 generates an object file in Intel-HEX fornat.
Wien the /QM~51 option is specified, an absol ute OM~51 nodul e i s generat ed.

otions may be abbreviated as | ong as they remai n uni que!
Exanpl es:
0.) ASEM
Wen i nvoked wi t hout paraneters, the assenbl er displays a hel p screen:

MCS-51 Famly Macro Assenbl er ASEM51 V1.3

usage: ASEM <sour ce> [ <obj ect> [<listing>]] [options]
opti ons: /1 NOLUEES: pat h1; pat h2; pat h3
/ DEFI NE synbol [ : val ue[: type] ]
/ QM 51
/ GLUMNS
[ QJET
1.) ASEM PROGRAM

w || assenbl e the 8051 assenbly | anguage program PROGRAM A51 and
produce an Intel -HEX file PROGRAM HEX and a |isting PROGRAM LST.

2.) ASEM TARZAN ASM JANE JUNALE PRN

w |l assenbl e the 8051 assenbly | anguage program TARZAN ASM and
produce an Intel -HEX file JANE HEX and a listing JUNGE PR\
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3.) ASEM PROJECT EPROM

w |l assenbl e the 8051 assenbly | anguage program PRQJECT. A51 and
produce an Intel -HEX file EPROMand a |isting PRQIECT. LST.

4.) ASEM ROVER / QW

w |l assenbl e the 8051 assenbly | anguage program RO/ER A51 and produce
an absol ute QW51 obj ect nmodul e ROVER OWF and a |isting ROVER LST.

5.) ASEM sanpl e QOMR: NLL

w || assenbl e the 8051 assenbly | anguage program SAMPLE A51, send
the HEX file output to the serial interface QM2 and suppress the
list file output by sending it to the NL devi ce.

6.) ASEM APPLI CAT /1 NC C \ ASEVs1\ MOU D\ M CRCB\ 8051\ HEADERS

w || assenbl e the program APPLI CAT. A51, while all required include
files wll be searched first in the default directory, then in
C\ASEMI\MU and finally in D\ M CRCB 8051\ HEADERS.

7.) ASEM UN VERSL / D BEva_Boar d: 8000H C

w |l assenbl e the program UN VERSL. A51, while the GDE synbol
EVA BOARD wi || be predefined with val ue 8000H duri ng assenbl y.

Wien programerrors are detected, they are flagged on the console. This
nmay | ook as follows:

MCS-51 Family Macro Assenbl er ASEM51 V1. 3

APPLI CAT. A51(14): nust be known on first pass
WSERBI TS INO6): attenpt to divide by zero
DEF NES. I NQ(37): synbol not defi ned

APPLI CAT. A51(20): synbol not defi ned

APPLI CAT. A51(27): no BEND statenent found

5 errors detected

Every error is flagged with the nane of the source or include file, the

I ocal line nunber where it was found, and the error nessage itself.

This output format makes it easy to integrate ASEM51 into existing foreign
devel opnent envi ronnents or wor kbenches.

A perfect fit for the Turbo C+ | DE (and perhaps ot hers) can be reached
with the /GLUMNS option. Wen specified, the colum nunbers of program
errors are output additionally after the Iine nunbers:

MCS-51 Fanily Macro Assenbl er ASEM51 V1. 3

APPLI CAT. A51(14,12): nust be known on first pass
WSERBI TS . INQ(6, 27): attenpt to divide by zero
DEFI NES. 1 NO(37, 18): synbol not defi ned

APPLI CAT. A51( 20, 18): synbol not defi ned

APPLI CAT. A51(27,1): no BEND statenent found

5 errors detected

If errors are detected in nmacro expansion lines, there is no correspondi ng
location in the source file. Therefore, the error is flagged with the nane
of the source or include file, and the local |ine nunber fromwhere the
nacro expansi on has been invoked. (For callable nmacros this is the line
with the nacro call, and for repeat blocks this is the BENDMIine.)

To give the user a hint, the nacro nane and expansion line (and optional |y
col um) nunber are inserted before the actual error message:
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MCS-51 Fanmily Macro Assenbl er ASEM51 V1. 3

UARTI Q A51(44,1): RECH VE(3,22): segnent type misnatch

UARTI Q A51(87,1): REPT(4,19): synbol not defined

UARTI Q A51(87,1): REPT(8,19): synbol not defined

UARTI Q A51(87,1): REPT(12,19): synbol not defined

4 errors detected

The expansion |ine nunber is the nunber of the expansion line wthin the
correspondi ng nacro expansion, starting with 1. If the error occurs during
expansi on of a repeat bl ock, the keyword REPT repl aces the nmacro nane.

The / QU ET option suppresses all consol e out put except error nessages.

Wien termnating, ASEM51 returns an exit code to the operating system

situation ERROR.BVEL
no errors 0
programerrors detected 1
fatal runtine error 2

Note: Vérnings do not influence the exit code!

I1.1. 4 DO5 Envi ronnent
To specify a search path for include files, an optional environnent variabl e
ASEMVB1I NC can be defi ned:

SET ASEWB1I NC=<pat h>

<path> nay be any nunber of directories separated by ';' characters.

Be sure that the whol e definition doesn't contain any bl anks or tabs!

If ASEMBLINC i s defined, the assenbl er searches the specified <path> for
include files that can neither be found in the working directory, nor in
the search path specified with the /I NOLUDES opti on.

The <path> directories will be searched fromleft to right.

Exanpl es:
1) SET ASEMG1I NC=C \ ASEMVpI\ MOU D'\ M CGROB\ MCSB1\ | NOL

If include files can neither be found in the working directory,
nor inthe /INCQLUCES path (if specified), the assenbl er searches
next C\ASEMPI\MU and finally D\ M CRCB MCS51\ | NCL.

2.) SET ASEVB1l NC=C \ ASENs1\ MOU 9°ATH 6

If ASEMPIINC i s defined as above in AUTCEXEC BAT after the PATH
statenent, the assenbler finally searches the directory C\ASENGI\ MU
and then all the directories, contained in the DC5 program sear ch
path, fromleft to right!

The nmaxi num|ength of <path>is linted to 255 characters. This cannot be
exceeded with the SET command of the DO5 conmmand interpreter COWAND COM
but with third party command interpreters |ike 4D05 (nax. 512 characters)!

Note that trailing blanks and tabs behind the nanes of environnment variabl es
seemto be considered significant under M5-DCO8 |f one subsequently defines

SET ASEWB1I NC =C \ ASEVG1\ MU
and SET ASEWB1I NC=C: \ 8051\ MU

there will be two (!) entries concurrently in the DC5 environnent! However,
the assenbl er will recognize the second one only. S nce DO5 doesn't truncate
trailing blanks and tabs fromvariabl e nanes, the assenbler can't do this
either! That is why you should be sure, to al ways define the environnent
variabl e without blanks and tabs.
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I1.1.5 Running ASEM 51 in the Borl and- | DE

Turbo G+ (1.0 thru 3.0) users wll appreciate the possibility to invoke
ASEM 51 as a transfer programfromthe Borland | DE

For this, the filter programASEMPMBG for the ASEM51 error nessages
has been provided. To integrate ASEM51 into the Borland | DE, perform
the fol l ow ng steps:

- Be sure that ASEM51 has been install ed properly as described before,
or that ASEM EXE and ASEMEMSG EXE are sonewhere in your PATH

- Sart the Turbo G+ (or Borland C+) |DE for DB

- For Turbo G+ 1.0, first click: Qptions | Full nenus | ON

- AQick fromthe nenu bar: otions | Transfer

- Wen the "Transfer" dial og box is active, press the Eit button.

- Now the "Mdify/ New Transfer Iteni dial og box shoul d be acti ve.
FIll inthe followng itens:

ProgramTitle: ASEM~51
Program Pat h: ASEM
Gommand Li ne: SNCBWAP $SAVE LR $CAP MBJ ASEVRMBG $EDNAME / C
Transl at or: [X
Hot key: Shift F8
Then press the New button.
- Wen returned to the "Transfer" dial og box, press the K button.
- Aick fromthe nenu bar: Qotions | Save | K
Now it shoul d be possible, to assenble the file in the active edit
w ndow wi th ASEM 51, when pressing Shift-F8. The error nessages (if any)
shoul d appear in the "Message" w ndow You can browse through the errors,
and junp into the source text by sinply pressing <Enter>. This even works,
if the error is not inthe programitself, but in an include filel
Turbo-Pascal 7.0 users can al so enploy their Borland |CE for assenbly.
To integrate ASEM51 into the Turbo-Pascal |DE performthe fol |l ow ng
st eps:

- Be sure that ASEM51 has been instal l ed properly as described bef ore,
or that ASEM EXE and ASEMRMBG EXE are sonmewhere in your PATH

- Sart the Turbo-Pascal 7.0 (or Borland-Pascal 7.0) |IDE for DCB5
- dick fromthe nenu bar: otions | Tool s
- Wen the "Tool s" dial og box is active, press the New button.

- Now the "Mdify/ New Tool " dial og box shoul d be active.
FIll inthe followng itens:

Title: ASEM ~5~1
Pr ogr am pat h: ASEM
Gommand | i ne: SNCEWAP $SAVE AR $CAP MBQ ASEVRMBG  $EDNAME
Hot keys: Shi ft+F8
Then press the CK button.
- Wen returned to the "Tool s" dial og box, press the &K button.

- dick fromthe nenu bar: otions | Environnent | Preferences

- Wen the "Preferences" dial og box is active, disable the "d ose on
go to source" itemin the "ptions" checkbox. Then press the K button.

- Fnally click fromthe nmenu bar: ptions | Save
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Now ASEM 51 can be invoked with Shift-F8, to assenble the programin the
active edit window while error nessages (if any) appear in the "Messages"
W ndow

Wsers of both Turbo Ct++ and Turbo- Pascal shoul d prefer the Turbo G+ ICE
In the Turbo-Pascal 7.0 IDE the /GLUWNS (or /Q option has no effect!
Tur bo-Pascal versions prior to 7.0 didn't inplenment the Tool s nenu.

Note that the transfer macro $SAVE AR saves the contents of the active
edit wndow (if nodified), before AASEMEXE i s invoked! If your assenbl er
programi ncl udes further source files (which may be currently | oaded into
other edit w ndows), better specify $SAVE ALL. This wll save the contents
of all (nodified) edit windows to disk files, before invoking ASEM EXE

If you are not sure, specify $SAVE PROMPT. This will pronpt you for every
(nodi fied) edit windowto save the contents before running ASEM EXE For
further information on transfer nmacros, refer to the Borland online hel p!

I1.1.6 Running ASEM 51 from Wndows 3. 1x

O course ASBMand ASEMK are running fine in the Wndows 3. 1x DO5 Box!
But for integration into the Wndows 3.1x desktop, the files ASSMP F
and ASEM | QO have been provided. To insert ASEM51 into a group of the
Program Manager, performthe fol | ow ng steps:

- Be sure that ASEM51 has been installed properly for Ms DS
as described before.

- Sart Wndows 3. 1x and expand the Program Manager windowto its
full screen size representation, if necessary.

- Focus the programgroup in which ASBM51 is to be inserted,
e.g. "Applications".

- Aick fromthe Program Manager nenu bar: File | New

- Wen the "New Program (bj ect” dial og box is active, choose
the option "ProgramIteni, and click the CK button.

- Nowthe "ProgramItemProperties" dial og box should be acti ve.

FIll inthe followng itens:
Descri pti on: ASEM 51
Gonmand Li ne: ASEM P F
VWrking Drectory: (what ever you want)
Shortcut Key: (what ever you want)
Run M ni m zed: [1]

Then press the [ Change | con] button.

- Now a nessage box appears wth the error nessage
"There are no icons available for the specified file".
Snply press the K button.

- The "Change | con" dial og box shoul d be displayed now F Il in
F e Nane: ASEM | QO

and press the (K button. Now the ASEM 51 icon shoul d be di spl ayed
intheicon field Press the CK button again.

- Wen returned to the "ProgramItem Properties" dial og box, press
the K button.

(I'n national Wndows versions, things nmay | ook slightly different.)

Now ASEM EXE can be i nvoked by sinply doubl e-clicking the ASBM51 i con.
After entering the programparaneters in a correspondi ng di al og box,
ASEMis running in a DO5 wi ndow, which remai ns open after program
termnation, to let you have a | ook on the error nessages.
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In principle, the installation of the protected-node assenbl er ASENK EXE
can al so be done as described above. However, the <Description> field
should be filled with "ASEM51 X\8', the <CGommand Li ne> shoul d be
"ASEMK PIF', and the icon <F|e Nane> shoul d be ASEMK | QO i nst ead.

Il1.1.7 Running ASEM 51 from BR B~
BREF 3.x users can integrate ASEM51 into their editor by sinply
defining another DO5 environnent variable in their AUTCEXEC BAT with

SET BCA51="ASEM %8"

This specifies the coomand for conpiling files wth extension *. A51.
Ater that, ASEM51 can be invoked fromBR BEF with At-FI10.

I1.1.8 The DCB Protect ed- Mbde Assenbl er ASENK

In general, the proven real -node assenbler ASEMEXE i s sufficient al so
for very large prograns. Neverthel ess, it may be running out of nenory,
if a programcontai ns a huge nunber of |ong user-defined synbols, or lots
of large nacro definitions.

To cl ose the gap, the ASEM51 package i ncl udes the new prot ect ed- node
assenbl er ASEMK EXE ASEMK is functional ly identical to ASBM but it can
use extended nenory, to neet extrene workspace requirenents.

ASEMVK is acconpani ed by Borland's 16-bit DPM server DPM 16Bl. OL and
runti ne nanager RTIMEXE It requires a 286 CPU (or better), and at | east
512 kB of free XVB nenory (1 MB reconmended) !

Wien ASEMK i s invoked, DPM 16Bl . OL and RTM EXE nust be either

- in your default directory,
- where AAEMK EXE i's, or
- somewhere in your PATH

During startup, the DPM server tries to allocate all the renaining free
XVB nermory for use by ASEMK |f you don't want this, you can restrict the
amount of allocated nenory with the DOS environnent variabl e DPM MEM

SET DPM MEVEMAXMEM n

wll restrict the XM5 nenory space, used for the DPM interface, to n kB
Never set n to a val ue greater than 16383!!!

In general, the Borland DPM interface is very reliable and does nornal |y
not conflict with other menory nanagers. ASEMK will also run wth ot her
versions of DPM 16Bl. O/L and RTM EXE provi ded with various Borland software
packages (except TC+ 3.0 and BC+H 3.1).

However, there is trouble ahead on systens with nore than 16 MB RAM
Wthout specific installation, there is a fatal tendency to crash, hang,
or even boot, whenever a DPM programlike ASEMK is invoked.

For proper operation of the DPM interface, M5D35 5.0 (or later) is
requi red, and BMB86. EXE nust be | oaded!

I f BEMVB86. EXE has been | oaded with paraneters (e.g. NCEMB), the Borland
16-bit DPM server cannot handl e nore than 16 MB However, without
paraneters (i=nnnn, x=nnnn are o.k.) or with other DPM servers there nay
be nore. In these cases, ASEMK can use up to 64 MB of extended nenory!

If ASBMKis running in a systemenvironnent with an own DPM server, e.g.
the Wndows DO5-Box, RTMEXE wil| detect this and use the active DPM server
instead of DPM16BI.O/L. In this case, the environment variable DPM MEM has
no effect.

To restrict (or increase) the available XVB nenory for the Wndows 3. 1x DCB
pronpt, change file DOSPRMPT. PIF in your WNDOB directory with the Wndows
PIFfile editor.

For further infornation on howto nake nore or | ess XVB nenory avail abl e

to application prograns i n other systemenvironnments, see the correspondi ng
user nanual s.

Another interesting alternative is the Borland 32-bit DPM server with
virtual nenory nanagenent. It cannot be provided wth the ASEM51 package
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for license reasons, but is contained in Borland s Turbo- Assenbl er 4.0

and 5.0, Borland G+ 4.5x and 5.0x, and maybe others. It has originally been
devel oped for the Borland command line tools, but it al so works wth ASEMK
It requires a 386 CPU (or better), and allows to extend the free physical
nenmory with a swap file that can be created w th the program MKESWAP. EXE
Apart of that, the 32-bit DPM server DPM 32W OAL and the runti ne nanager
32RTM EXE are required.

The batch file ASEMB2. BAT, provided with the ASSM51 package, shows how to
run ASEMK with 64 MB of virtual nenory, using Borland's 32-bit DPM server.

I1.1.9 The Wn32 Gonsol e- Mde Assenbl er ASEMV

In principle, the D35 assenbl ers ASEMand ASEMK are al so running in the
Wndows 9x/ NT/ 2000/ XP DO5- Box, but with sone typical DO specific limtations:
file nanes are restricted to the 8.3 fornat, path strings are limted to

64 characters, the real -node assenbl er cannot access nore than 640 kB RAV
and so on.

To overcone these di sadvant ages, the ASEM 51 package cones w th the new
Wn32 consol e- node assenbl er ASEMVEXE ASEMNVi s functional |y identical

to ASEM but it can handle long file names and benefits of the Wn32

nenory nmanagenent, which allows to assenbl e astrononical |y |arge prograns!

Hnt: |f you love file nanes with blanks in the mddle, you have to
encl ose themin doubl e quotes, e.g.

ASEMNV" Test - Program for ny 80C32 Eval uati on-Boar d. a51"

[1.1.10 The HEBIN Wility

Mbst EPRCM programmers are accepting the Intel -HEX object file format that
is output by ASBM51. However, for dunb EPROMburners and speci al purposes
it mght be useful to convert the HEX file to a pure binary inage file.
For this the conversion utility HEXBIN i s provi ded.

It is invoked as foll ows:

HEXBI N <hex> [<bin>] [/CQFFSET: 0] [/LENGTH ] [/FLL:f] [/ QU ET]

where <hex> is the input filein Intel-HEX format, and <bin>is the
binary output file. The paraneter <bin>is optional. Wen onmtted, the
file nane is derived fromthe <hex> file name, but wth the extension BIN
Al file nanes nay be specified w thout extensions. In these cases, the
program adds defaul t extensions as shown bel ow

file ext ensi on
<hex> HEX
<bi n> BN

If you want a file nane to have no extension, termnate it wtha'."!
Instead of file nanes you nay al so specify device nanes to redirect the
output to character |/Oports. Device names nay be terminated wth a':"!
It is not checked, whether the device is existing or suitable for the task.

The binary file output can al so be controlled wth the options /GFFSET,
/FLL and /LENGH

Normal Iy the first byte in the binary file is the first byte of the HEX
record with the | owest | oad address. If a nunber of dummy bytes is to be
inserted on top of the file (e.g. for alignnent in an EPRIMinage), this
can be perfornmed wth the /GFFSET opti on:

/ GFFSET: 1000

woul d insert 4096 dunmy bytes before the first byte of the first HEX record
| oaded. The of fset nust al ways be specified as a hex nunber. The defaul t
offset is O.

S nce there may be peephol es between the HEX records, a fill byte val ue can
be defined with the /F LL option:

/HLL:0
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would fill all peephol es between the HEX records with zero bytes as well as
all the dumy bytes that mght have been inserted with the /GFFSET or /LENGTH
option. The fill byte val ue nust always be specified as a hex nunber.

The default fill byte is the BPROMfriendly FFH

By default the last byte in the binary file is the last byte of the HEX
record with the highest |oad address. If the binary file should have a
wel | defined length, then a nunber of dummy bytes can be appended to the
file (e.g. for exactly natching an BEPROM I ength), this can be perforned
with the /LENGIH opti on:

/ LENGTH 8000

woul d append as rmany dummy bytes behind the last byte of the file, that the
total file length becomes exactly 32768 bytes. The file |l ength nust al ways
be specified as a hex nunber.

Wien HEB N has been invoked with all the above options, it nmay display a
file conversion report |ike this:

Hex Fle Gonverter HEXBIN V2. 3

of fset: 1000H byt es

first address: 9000H

| ast address: A255H

fill peepholes wth: 00H
bi nary inage | engt h: 8000H byt es

The /QJ ET option suppresses this consol e output, while error nessages are
di spl ayed regardl ess.

ptions may be abbreviated as 1ong as they renai n uni que!
Exanpl es:
0.) HE®E N
Wen i nvoked wi t hout paraneters, HEXBI N displays a hel p screen:

Hex Fle Gonverter HEXBIN V2. 3

usage: HEXBI N <hexfil e> [ <bi nary>] [options]
options: | OFFSET: of f set
/LENGTH | engt h
[FILL:fillbyte
/[ QU ET
1) HEXBI N PROGRAM
wll convert the Intel-HEX file PROBRAM HEX to a pure binary inage file
PROERAM Bl N
2.) HEXBI N TARZAN (BJ JUNAE FI LL: B5

wll convert the Intel-HEX file TARZAN CBJ to a binary inage file
JUNAEBINand fill all peephol es between the HEX file records wth
the binary val ue ESH

3.) HEXBI N PRQJECT EPRCM / of f: 8000 /1 engt h: 10000 /f: 0
wll convert the Intel-HEX file PROIECT. HEX to a binary inage file
BEPROM insert 32K dummy bytes on top of file, fill all peephol es
and the dumy bytes with nulls, and extend the file to exactly 64K

Wien terminating HEBIN returns an exit code to the operating system

situation ERRR.BEVEL
no errors 0
conversion errors detected 1
fatal runtine error 2
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There is al so a Wn32 consol e-node version of HEXBIN HEXBI NWBEE
HEXBINWi s functionally identical to HDBIN but can handle long fil e nanes.

1.2 Linux | nplementation

Until version 1.2, ASEM51 was avail able for Ms-DCS5 only.

To get rid of the original DO5 "l ook and feel”, many interfaces to the
operating systemhad to be nodified or rewitten, e.g. conmand |ine
processing, console I/Q file handling, UN X environnent, and nenory
nmanagenent. Furthernore, the general behaviour of the prograns had to be
adapted to UN X conventi ons.

A certain rest of DO5 flavour may still be remai ning though.

O the other hand, the Linux binaries are able to read ASAI| files in both
DC5 and UIN X fornat. However, ASA| files are always witten in UN X fornat.
Al these differences nake it necessary to describe the Linux inplenentation
in a separate section!

I1.2.1 Files

Your ASEM 51 distribution archive for Linux should contain the fol | owi ng
groups of files:

1.) asemb5l. doc ASEM 51 Wser's Manual, ASA I fornat
docs. ht m index file of the ASBM51 docunentation, HIM for mat
* htm further pages of the HTM. docurentation
*.gf QA F images referenced by HIM. pages
*.ipg JPEG i nages referenced by HTM. pages
asem assenbl er (Linux 386)
asem1 nan- page for asem
hexbi n hex-to-bi nary conversion utility (Linux 386)
hexbi n. 1 nan- page for hexbin
deno. a51 a sanpl e 8051 assenbl er program
*. ncu processor definition files of 8051 derivatives

(for a detailed list of MUfiles see chapter
"M . Support of 8051 Derivatives")

2.)  boot51. doc BQOT-51 Wser's Manual, ASA| format
boot 51. ht m index file of the BOOI-51 docunentati on, HIM. fornat
boot 51. a51 BQOT- 51 assenbl er source (for ASEM51 V1.3 and up)
cust oni z BAOT- 51 customi zation utility (Linux 386)
custoniz.1 nan- page for custom z
boot shel | script for application program upl oad
boot . 1 nman- page for boot
upl oad called by boot only (generic version)
upl oad. new "new' upl oad (optimzed for stty 2.0 or later)
reset 51 programto reset the target systemvia PC ports
reset51. 1 nan- page for reset51
bl i nk. a51 sanpl e test programfor BQOOI-51
3.) README 1ST quick information, ASQ| fornat
I'i cense. doc ASEM 51 License Agreenent, ASA | fornat
rel ease. 130 ASEM 51 Rel ease Notes, ASA | fornat
support . doc ASEM 51 Support Quide, ASA | fornat
install.sh creates a proper ASEM51 installation under Linux
uni nst 51. sh deletes all files of the ASEM51 package (Linux)

I1.2.2 Installation under Linux

ASEM 51 for Linux is available as a tar archive and an rpm package.
If you have got the rpmpackage, login as root and sinply type

rpm-i asenbl-1.3-1.i386.rpm
The rpm package has been tested on S u. S E-Linux only, but should al so
work on other Linux distributions that neet the FHS directory standard.
If you have got the tar archive, performthe follow ng steps:

gzip -d asenbl-1. 3-E.F. tar. gz
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tar xvf asenbl-1.3-BLF tar

cd asenbl
sh install.sh

If you are installing ASBM51 as root (preferred), the installation script
install.sh will install the whol e package in /usr/local / share/ asem51/ 1. 3,
and establish sone synbolic links in /usr/local/bin and /usr/l ocal / nan/ nanl.

If you are installing ASBM51 under another user-id, install.sh tries to
install the software in your hone directory under ~/asem51/1.3, and
establ i sh sone synbolic links in ~/bin and ~/ nan/ nanl.

For details see the nessages, install.sh is displaying on the consol e,
and do sone fine-tuning accordingly:

If you haven't installed ASBM51 as root, it nay be necessary to add
~/bin to your PATH and ~/nan to your MN\PATH

To specify a search path for the include files *. ntu provi ded, you can
define an optional environnent variabl e ASEVMb1I NC

For this, bash, ksh, and sh users should insert the following lines into
their .profile file:

ASEVB1I NC=/ usr/ | ocal / shar e/ asem 51/ 1. 3/ ntu
export ASEVH1I NC

csh, tcsh, and zsh users should insert the following line into their
.login file respectively:

set env ASEMb1I NC /usr /| ocal / shar e/ asem 51/ 1. 3/ ntu

If you have installed ASBM51 in your hone directory, ASEMb1I NC shoul d
point to ~/asem51/ 1. 3/ ntu of course.

To read the HTM. manual s, invoke your web browser and booknark the i ndex page

lusr/local / share/ asem51/ 1. 3/htmh/docs. htm  (installation as root)
~/ asem 51/ 1. 3/ ht nt/ docs. ht m (local installation)

Note that you cannot reset your 8051 target systemwth a PCprinter port,
if you haven't installed ASEM51 as root!
(For details see the BOOI-51 docunentati on provided.)

If you have installed ASBM51, but you don't like it, you can easily
uninstall it. If you have installed the rpmpackage, sinply type

rpm-e asenbl

If you have installed the generic tar archive, be sure to uninstall
ASEM 51 under the sane user-id you previously used for installation! Run

uni nst 51. sh

and that's it.

I'1.2.3 Linux Command Line Cperation

Under Linux, the assenbl er is invoked by typing:
asem [ <options>] <source> [<object> [<listing>]]

where <source> i s the 8051 assenbl er source, <object> is the output
file, and <listing>is the assenbler list file.

Al file names that are specified explicitly, are | eft unchanged.

The paraneters <object> and <listing> are optional. Wen omtted, the
<object> file nane is derived fromthe <source> file nane, but with
extension ".hex" (or ".onf"). Wen the <listing>file nane is omtted,
it is derived fromthe <object> file nane, but with extension ".Ist":

file ext ensi on
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<obj ect > . hex (with -o option: .onf)
<isting> st

Instead of file nanes you nmay al so specify device nanes to redirect the
output to I/ O devices. Device nanes are assuned to start with "/dev/".

O course no extensions wll be added to devi ce nanes!

It is not checked, whether the device is existing or suitable for the task.
Athough it is possible to read the source file froma character device
instead of a file, this cannot be recomended: S nce ASEM51 is a two-pass
assenbl er, it always reads the source file tw cel

The maxi numlength of a file paraneter is limted to 255 characters!

asem recogni zes the fol |l ow ng options:

short options | long options
__________________________ o e e e e e e e e e e e e mmmm——=
-i pathl: pat h2: pat h3 | --incl udes=pat hl: pat h2: pat h3
-d synbol [:val ue[:type]] | --define=synbol[:val ue[:type]]
-0 | --onf-51

-C | --colums

-V | --verbose

The short and long options in the sane row are equi val ent.
Long options nmay be abbreviated as |ong as they renai n uni que.
Al option names are case-sensitive!

Wien the --includes option is used, the assenbl er searches the specified
path for include files that cannot be found in the working directory.
The path may be any nunber of directories separated by ':' characters.
The directories will be searched fromleft to right.

The path, specified with the --includes option, is searched before the
path, defined with the (optional) environnment variabl e ASENG1I NO

The maxi rumpath length is limted to 255 characters.

The --define option is useful for selecting particular programvariants
fromthe command |ine that have been inpl enented with conditional assenbly.
It allows to define a synbol with a value and a segnent type in the
command |ine. Value and type are optional. The segnent type of the synbol
defaults to NOMBER if onmitted. The synbol val ue defaults to O, if omtted.
The synbol val ue nay be any nunerical constant. The synbol type nust be one
of the follow ng characters:

Qe

DATA

| DATA

XDATA

BT

NUMBER (defaul t)

ZWX 00

By default, ASEM51 generates an object file in Intel-HEX fornat. Wien
the --onf-51 option is specified, an absolute OQM~51 nmodul e i s generat ed.

Exanpl es:
0.) asem
Wen i nvoked w thout paraneters, the assenbl er displays a hel p screen:

MCS-51 Famly Macro Assenbl er ASEM51 VL. 3

usage: asem[options] <source> [<object> [<listing>]]
options:  -i --incl udes=pat hl: pat h2: pat h3
-d --define=synbol [:val ue[: type]]
-0 --oni-51
-c  --colunmns
-V --verhose
1) asem progr am a51

w |l assenbl e the 8051 assenbly | anguage program programa51 and
produce an Intel -HEX file programhex and a listing programl st.
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2.) asemtarzan.asmjane jungl e.prn

w |l assenbl e the 8051 assenbly | anguage programtarzan. asmand
produce an Intel-HEX file jane and a listing jungle.prn.

3.) asem proj ect eprom

w |l assenbl e the 8051 assenbly | anguage program proj ect and
produce an Intel-HEX file epromand a listing epromlst.

4.) asem-o0 rover. a5l

w || assenbl e the 8051 assenbly | anguage programrover.a51 and produce
an absol ute QW51 object nmodul e rover.om and a listing rover.|st.

5.) asem sanpl e. a51 /dev/ttyS0 /dev/ nul |

w || assenbl e the 8051 assenbly | anguage program sanpl e. a1, send
the HEX file output to the serial interface /dev/ttyS) and suppress
the list file output by sending it to the /dev/null device.

6.) asem-i /usr/local/incl ude/ asem 51: ~/ 8051/ i nc app. a51

w || assenbl e the programapp.a5l, while all required include
files wll be searched first in the default directory, then in
[usr/local/include/asem51, and finally in ~/8051/inc.

7.) asem - - def i ne=Bva_Boar d: 8000H C uni ver sal . a51

w || assenbl e the programuniversal.a51, while the GXE synbol
EVA BOARD wi | | be predefined with val ue 8000H during assenbl y.

Wien programerrors are detected, corresponding error nessages are out put
to standard error. This nmay | ook as fol |l ows:

appl i cat.a51(14): nust be known on first pass
userbits.inc(6): attenpt to divide by zero
defines.inc(37): synbol not defined

appl i cat.a51(20): synbol not defined

appl i cat.a51(27): no BEN\D statenent found

Every error is flagged wth the nane of the source or include file, the
local line nunber where it was found, and the error nessage itself.
This output fornat provides a hook to run ASEM51 fromthird-party | DEs.
A perfect fit may be reached with the --col uims option. Wen specified,
the col um nunbers of programerrors are output additionally after the
| i ne nunbers:

appl i cat.a51(14, 12): nust be known on first pass
userbits.inc(6,27): attenpt to divide by zero
defines.inc(37,18): synbol not defined

appl i cat. a51(20, 18): synbol not defined

appl i cat.a51(27,1): no BND statenent found

If errors are detected in nacro expansion |ines, there is no correspondi ng
location in the source file. Therefore, the error is flagged with the nane
of the source or include file, and the local |ine nunber fromwhere the
nmacr o expansi on has been invoked. (For callable nacros this is the line
with the nacro call, and for repeat blocks this is the ENDMIine.)

To give the user a hint, the nacro nane and expansion |ine (and optionally
col um) nunber are inserted before the actual error nessage:

uartio.ab1(44,1): RECHVH3,22): segnent type msnatch
uartio.ab1(87,1): REPT(4,19): synbol not defined
uartio.ab1(87,1): REPT(8,19): synbol not defined
uartio.ab1(87,1): REPT(12,19): synbol not defined
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The expansion line nunber is the nunber of the expansion line within the
correspondi ng nacro expansion, starting with 1. If the error occurs during
expansi on of a repeat bl ock, the keyword REPT repl aces the nacro nane.

By default, ASEM51 is totally "quiet", if no errors are detected.
If the --verbose option is specified, additional product, version, and
error summary information is witten to standard out put:
MCS-51 Fanily Macro Assenbl er ASEM51 V1. 3
uartio.ab1(44,1): RECHVH3,22): segnent type msnatch
uartio.a51(87,1): REPT(4,19): synbol not defined
uartio.ab1(87,1): REPT(8,19): synbol not defined
uartio.a51(87,1): REPT(12,19): synbol not defined

4 errors detected

Wien terminating, ASEM51 returns an exit code to the calling process:

situation exit code
no errors 0
programerrors detected 1
fatal runtine error 2

Note: Vérnings are al so output on standard error,
but do not influence the exit code!

I'l.2.4 Linnux Environnent

To specify a search path for include files, an optional environnent variabl e
ASEVG1I NC can be defi ned:

1.) For bash, ksh, and sh:

ASEVB1I NC=<pat h>
export ASEVG1I NC

2.) For csh, tcsh, and zsh:
setenv ASEIVB1I NC <pat h>

<pat h> nay be any nunber of directories separated by ':' characters.

Be sure that the whol e definition doesn't contain any bl anks or tabs!

If ASEMBLINC i s defined, the assenbl er searches the specified <path> for
include files that can neither be found in the working directory, nor in
the search path specified with the --includes option.

The <path> directories will be searched fromleft to right.

Exanpl es:

1.) bash:
ASEVB1I NC=/ usr/ | ocal /i ncl ude/ asem 51: ~/ mi cr os/ nts51/ i nc
export ASEVG1I NC

If include files can neither be found in the working directory,
nor inthe --includes path (if specified), the assenbl er searches
next /usr/local/include/asem51 and finally ~/ mcros/nts51/inc.

2.) csh:
setenv ASEMB1I NC /usr/ | ocal /i ncl ude/ asem 51

If ASEMPIINC is defined as above in .login, the assenbler finally
searches the directory /usr/local /include/ asem51 for include files.

The nmaxi mrumlength of <path>is limted to 255 characters.
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11.2.5 The HEBIN Uility

Mbst EPROM programmers are accepting the Intel -HEX object file format that
is output by ASBM51. However, for dunb EPROMburners and speci al purposes
it mght be useful to convert the HEX file to a pure binary inage file.
For this the conversion utility hexbin is provided.

It is invoked as foll ows:

hexbi n [ <options>] <hexfil e> [<bi nary>]|

vwhere <hexfile>is the input filein Intel-HEX format, and <binary> is the
binary output file. Al file nanes that are specified explicitly, are left
unchanged. The paraneter <binary>is optional. Wen omtted, the file nane
is derived fromthe <hexfile> but with the extension ". bin".

The maxi rumlength of a file paraneter is limted to 255 characters!

Instead of file nanmes you nay al so specify device nanes to redirect the input
or output to I/O devices. Device nanes are assuned to start with "/dev/".

O course no extensions wll be added to devi ce nanes!

It is not checked, whether the device is existing or suitable for the task.

hexbi n recogni zes the fol | ow ng opti ons:

I
_______________ o e e e e e e e e —m
-0 <of fset> | --offset=<offset>
-1 <l ength> | --length=<length>
-f <fillbyte> | --fill=<fillbyte>
-V | --verbose

The short and long options in the sane row are equi val ent.
Long options nay be abbreviated as |ong as they renai n uni que.
Al option names are case-sensitive!

The binary file output can be controlled with the options --offset,
--fill and --1ength.

Nornally the first byte inthe binary file is the first byte of the HEX
record with the | owest | oad address. If a nunber of dummy bytes is to be
inserted on top of the file (e.g. for alignnent in an EPRMinage), this
can be perforned with the --of fset option:

- - of f set =1000

woul d insert 4096 dunmy bytes before the first byte of the first HEX record
| oaded. The of fset nust al ways be specified as a hex nunber. The defaul t
offset is O.

S nce there may be peephol es between the HEX records, a fill byte val ue can
be defined with the --fill option:

--fill=0

would fill all peephol es between the HEX records with zero bytes as wel |
as all the dummy bytes that might have been inserted with the --offset or
--length option. The fill byte val ue nust always be specified as a hex
nunber. The default fill byte is the EPROMfriendly FFH

By default the last byte in the binary file is the last byte of the HEX
record with the highest |oad address. If the binary file shoul d have a
wel | defined length, then a nunber of dummy bytes can be appended to the
file (e.g. for exactly natching an BEPRIM | ength), this can be perforned
with the --length option:

- -1 engt h=8000

woul d append as nmany dummy bytes behind the last byte of the file, that the
total file length becomes exactly 32768 bytes. The file |l ength nust al ways
be specified as a hex nunber.

By default, hexbinis totally "quiet", if no errors are detected.
If the --verbose option is specified, additional product and version
information, and a file conversion report is witten to standard out put:
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Hex Fle Gonverter HEXBI N V2. 3

of fset: FFOH byt es
first address: 7FFOH
| ast address: 8255H
fill peephol es wth: A5H
bi nary inage | engt h: 2000H byt es
Exanpl es:
0.) hexbi n

Wien i nvoked wit hout paraneters, hexbin displays a hel p screen:
Hex File Gonverter HEXBIN V2.3
usage: hexbi n [options] <hexfile> [<binary>]

options: -0 --of fset=<offset>
-1 - -l engt h=<l engt h>
-f o --fill=<fillbyte>
-v  --verbhose

1) hexbi n program hex

wll convert the Intel-HEX file programhex to a pure binary inage file
pr ogram bi n.

2.) hexbin -f E5 tarzan.obj jungle.bin

wll convert the Intel-HEX file tarzan.obj to a binary inage file
jungle.bin and fill all peephol es between the HEX file records with
the binary val ue ESH

3.) hexbi n --of f=8000 -110000 --fill=0 project.hex eprom

wll convert the Intel-HEX file project.hex to a binary inage file
eprom insert 32K dunmy bytes on top of file, fill all peephol es
and the dummy bytes with nulls, and extend the file to exactly 64K

Wien terminating hexbin returns an exit code to the calling process:

situation exit code
no errors 0
conversion errors detected 1
fatal runtine error 2

I'l.3 The DBMD Program

For getting started with a new assenbler, it is al ways hel pful to have

a programthat can be assenbled with it. For this purpose, the 8051

assenbl er program DEMD A51 is provided, which can be used for a first

test of the ASEM51 installation. For this, you should either have installed
ASEM 51 as described above, or keep all files of the ASBM51 package directly
in your working directory!

Under M5-DCS or in a Wndows DOS Box sinply type

ASEM DEMD
HEXBI N DEMD

at the DCB pronpt. ASEMand HEXBI N shoul d finish without errors and you
shoul d have the following newfiles on your disk:

DEMD HEX Intel-HEX file
DEMD LST assenbler list file of DEMD A51
DEMO BN binary inage file of DBEMD HEX
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Under Linux type

asem deno. a51
hexbi n deno. hex

Agai n asemand hexbi n shoul d finish without errors and you shoul d have
the followng newfiles on your disk:

deno. hex Intel-HEX file
deno. | st assenbl er list file of deno. a5l
deno. bin binary inage file of deno. hex

I f something goes wong, either ASEM51 is not properly installed, there
may be files mssing in your distribution, or the assenbl er sinply cannot
find the include file 8052. ntul

deno. ab1 may al so serve as a sanpl e assenbl er programthat includes exanpl es
for (nearly) all machine instructions, pseudo instructions, assenbler
controls, and neta instructions that have been inpl enented i n ASEM51.
Wienever in doubt howto use a particul ar command, deno.a51 nay be a

val uabl e hel p.

Unli ke other assenbl ers, the ASBM51 list fileis no alibi feature!

It isreally instructive to conpare the original source to the generated
code in the listing.
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I1l1. The ASBM51 Assenbl y Language

The user should be famliar with 8051 mcrocontrollers and assenbl y

| anguage programming. This manual will not explain the architecture of
the MCS-51 microcontrol ler famly nor will it discuss the basic concepts
of assenbly | anguage programming. It only describes the general syntax
of assenbl er statenents and the assenbl er instructions that have been

i npl enented in ASEM 51.

I11.1 Satenents

Source files consist of a sequence of statenents of one of the forns:

[synbol :] [instruction [argunents]] [; comment ]
synbol instruction argunent [; comment ]
$control [(argunent)] [; coment ]

Everything that is witten in brackets is optional.

The nmaxi mum|ength of source code lines is 255 characters.

Everything fromthe ';' character to the end of line is assuned to be
commentary. Bl ank lines are considered to be conmentary, too.

The |l exical elenents of a statenent may be separated by bl anks and tabs.
Aside of character string constants, upper and | ower case letters are
equi val ent .

Exanpl es: HERE MO/ A #OFFH ;define |abel HERE and | oad Awth FFH
YEAR EQU 1999 ; define synbol for current year

$I NOLUDE (80C517. MY ;i ncl ude SABBOC517 regi ster definitions

I11.2 Synbol s

Synbol s are user-defined nanes for addresses, nunbers or nacros.

Their maxi numsignificant length is 31 characters. They can be even

| onger, but everything behind the first 31 characters is ignored.
Synbol s may consist of letters, digits, '_' and '? characters.

A synbol nane nust not start with a digit!

Woper and | ower case letters are considered to be equival ent.

Note: Assenbly | anguage keywords nust not be redefined as user synbol s!

Exanpl e: Is this really a SYMBQ__? is alegal synbol nane!
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I11.3 Qonstants

Nuneric constants consist of a sequence of digits, followed by a radix
specifier. The first character must always be a decimal digit.

The legal digits and radi x specifiers are:

const ant digits radi x

bi nary 0 1 B

octal 0 7 Qor O
deci nal 0 9 D or none
hex 0 F H

Thus, for exanple, the follow ng constants are equival ent:

1111111B bi nary
177Q octal
1770 oct al
127 deci nal
127d deci nal
O7FH hex

Character constants may be used wherever a nuneric val ue is allowed.

A character constant consists of one or two printing characters encl osed
in single or doubl e quotes. The quote character itself can be represented
by two subsequent quotes. For exanpl e:

"X 8 bit constant: 58H
"a@ 16 bit constant: 6140H
e 8 bit constant: 27H

In DB statenents, character constants rmay have any | ength.
Inthis case, we call it a character string. For exanpl e:

"This is only text!"
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I11.4 Expressions

Arithnetic expressions are conposed of operands, operators and parent heses.
Qperands may be user-defined synmbol s, constants or special assenbl er synbol s.
Al operands are treated as unsigned 16-bit nunbers.

Speci al assenbl er synbol s, that can be used as operands are:

ARD, ... , ARY direct addresses of registers RO thru R7

$ the location counter of the currently active segnent
(start address of the current assenbl er statenent)

The foll owing operators are i npl enent ed:

Uhary operators: + identity: X = X
- two's conpl enent : -X = 0-x
NOT one's conpl enent: NOT x = FFFFH X
HG hi gh order byte
LoV | ow order byte

B nary operators: + unsi gned addition

unsi gned subtraction

* unsigned mul tiplication
/ unsi gned di vi si on

MD unsi gned renai nder

SH logical shift left

SR logical shift right
AND | ogi cal and

R | ogi cal or

XR excl usi ve or

. bit operator used for bit-adressable |ocations

EQ or = equal to

NE or < not equal to | results are:

LT or < less than |

LE or <= less or equal than | 0if FALSE

GI' or > greater than | FRRRHIf TRE
I

G or >= greater or equal than

Qperators that are no special characters but keywords as SHR or AND nust
be separated fromtheir operands by at |east one blank or tab.

In general expressions are evaluated fromleft to right according to
operator precedence, which nay be overridden by parentheses.

Parent heses may be nested to any |evel.

Expressi ons al ways eval uate to unsigned 16-bit nunbers, while overflows
are ignored. Wen an expression result is to be assigned to an 8-hbit
quantity, the high byte nust be either 00 or FF.

Qperat or precedence:

) A hi ghest

- NOr HGH LOV (unary) [
. I
* | MD |
SH SR [
+ - (bi nary) I
EQ=NE < LT < LE<=CGI > &E >= |

|

Exanpl e:  The expression Pl ((87+3)/10 AND-1 SHRODH wll evaluate to 91H
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I11.5 The 8051 Instruction Set
ASEM 51 inpl enents al |l 8051 machi ne instructions including generic junps
and calls. The assenbl er inplenents two instructions

JMP  <addr ess>
CALL <address>

that do not represent a specific opcode: generic junp and call.

These instructions will always evaluate to a junp or call, not necessarily
the shortest, that wll reach the specified address.

JW may assenble to SIMP, AIMP or LIMP, while CALL can only eval uate to
ACALL or LCALL. Note that the assenbl er decision may not be optinal. For
code addresses that are forward references, the assenbl er al ways generat es
LIMP or LCALL respectively. However, for backward references this is a
poverful tool to reduce code size wthout extra trouble.

Wth the $PH LIPS control, ASEM51 can be switched to the reduced instruction
set of the Philips 83C75x famly of microcontrollers. This disables the LIM,
LCALL, and MD/X instructions as well as the XDATA and XSEG pseudo i nstructions,
and generic junps and calls will always assenbl e to absol ute addressi ng.

The rest of the 8051 instruction menonics is listed in Appendix D
Appendices | and J are containing tables of all 8051 instructions wth
their opcodes, mmenonics, argunents, |lengths, affected flags and durations.
The conpr ehensi ve exanpl e program DBEMQ A51 provi ded shows al | the 8051
instructions in a syntactical context.

For detailed information on the Intel MCS-51 architecture and instruction
set refer to the HTM. docunentation file MCS5IMAN HTM pr ovi ded.
(Requires a web-browser and full Internet access!)

Al MCS-51 instruction nmenonics are copyright (c) by Intel Gorporation!
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I1l1.6 Pseudo Instructions

In the subsequent paragraphs, all ASEM51 pseudo instructions are descri bed.
Lexical synbols are witten in |lower case letters, while assenbl er keywords
are witten in upper case.

Instruction arguments are represented by <arg> <argl> or sonething |ike
that. Nuneric expressions are represented by <expr>, <exprl> and so on.
Syntax el enents encl osed in brackets are optional .

The ellipsis "..." means always "a |ist with any nunber of el enents”.

DB <argl> [,<arg2> [,<arg3> ... ]] define bytes

The DB instruction reserves and initializes a nunber of bytes with
the val ues defined by the argunents. The argunents may either be
expressi ons (which nust evaluate to 8-bit val ues) or character
strings of any length. DBis only allowed in the GDE segnent !

Exanpl e: DB 19,' January', 98, (3*7+12)/11

DW<expr1> [, <expr2> [, <expr3> ... ]] define words

The DWinstruction reserves and initializes a nunber of words wth
the val ues defined by the argunents. Every argunment nmay be an
arbitrary expression and requires two bytes of space.

DWNis only allowed in the QE segnent!

Exanpl e: DW0, 0CB00H 1999, 4711

bS <expr> define space

Reserves a nunber of uninitialized bytes in the current segnent.
The val ue of <expr> nust be known on pass 1!
CSis allowed in every segnent, except in the Bl T segnent!

Exanple: DS 200H

DBl T <expr> define bits

Reserves a nunber of uninitialized bits.
The val ue of <expr> nust be known on pass 1!
DB Tis only allowed in the BIT segnent!

Exanpl e: DB T 16

NAME <synbol > define nodul e nane

Defines a nodul e nane for the QM~51 object file. If no nodul e nane
is defined, the nodul e nane is derived fromthe source file nane.
Wien generating Intel -HEX file output, the NAME instruction has no
effect. The nodul e nane nust be a | egal assenbl er synbol .

nly one NAME instruction is allowed within the program The synbol
however, nmay be redefined in the subsequent program

Exanpl e: NAME My_1st_Program

QRG <expr > origin of segnent |ocation

Sets the location counter of the current segnent to the val ue <expr>.
The val ue of <expr> nust be known on pass 1!

It nust be greater or equal to the segnent base address.

The default value of all location counters at programstart is O.

Exanpl e: CRG 08000H
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US| NG <expr > usi ng regi ster bank

Sets the regi ster bank used to <expr>, which nust be in the range
of 0...3. The ULINGinstruction only affects the val ues of the
speci al assenbl er synbols ARD, ... , AR/ representing the direct
addresses of registers R), ... , RZin the current register bank.
The val ue of <expr> nust be known on pass 1!

The default value for the register bank is 0.

Exanpl e: WENG 1

END end of program

This nust be the last statenent in the source file. After the END
statenent only comrmentary and bl ank |ines are all owned!

Exanpl e: BEND ;end of program
<synbol > BEQJ <expr> define nuneric constant
<synbol > EQU <reg> define invariant register
<synbol > SET <expr> define nuneric variabl e
<synbol > SET <reg> define variabl e register

The EQU instruction defines a synbol for a nuneric constant or a
register. If a nuneric expression <expr> is assigned to the synbol,
it will be of the type NJIMBER |If a register <reg>is assigned to
the synbol, it will be of the type REQ STER <reg> nay be one of the
special assenbler synbols A R), R, R, RB, R3, R4, I, R, or RI.
A synbol once defined with EQJ can never be changed!

The SET instruction is working quite simlar to EQJ However, synbols
defined with SET can be redefined wth subsequent SET instructions!
The val ues of <expr> and <reg> nust be known on pass 1!

A synbol that has been SET, cannot be redefined with EQJ

A synbol that has been EQJ d cannot be reSET!

n pass 2, forward references to a SET synbol al ways eval uat e

to the last value, the synbol has been SET to on pass 1.

Regi ster synbol s can be used as instruction operands w thin the

vwhol e programinstead of the corresponding registers.

Forward references to register synbols are not al | owed!

Exanpl es: MAXMNTH  BEQU 12
CCTBER  EQU MAXMONTH- 2
QONTREG EQU BB

HAPTER  S&ET 1
GHAPTER  SET CGHAPTERtL
HAPTER  SET A

<synbol > GDE <expr> defi ne ROM addr ess

<synbol > DATA <expr> define direct RAM address
<synbol > | DATA <expr > define indirect RAM address
<synbol > BIT  <expr> define bit address

<synbol > XDATA <expr > define external RAM address

These instructions define synbolic addresses for the five 8051
nmenory segnents (address spaces). For DATA | DATA and BI T type
synbol s, the val ue of <expr> nust not exceed OFFH

The val ue of <expr> nust be known on pass 1!

Qnce defined with one of the above instructions, the synbols cannot
be redefi ned.

Exanpl es: BEPROM  QE 08000H
STAXK DATA 7
V24BU- | DATA  080H
REDLED BT P1.5
SAWLER XDATA 0100H



CSEG [ AT <expr >]
DSEG [ AT <expr >]
| SEG [ AT <expr>]
BSEG [ AT <expr >]
XSEG [ AT <expr>]
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switch to QE segnent
switch to DATA segnent
swtch to | DATA segnent
switchto BIT segnent
switch to XDATA segnent

[at
[at
[at
[at
[at

addr ess]
addr ess]
addr ess]
addr ess]
addr ess]

These instructions switch to one of the five 8051 address spaces.

If a segnent base address is specified wth "AT <expr>", a new
absol ute segnent is started, and the location counter is set to
<expr>. |f "AT <expr>" is onmitted, the location counter keeps the
previous val ue of the particul ar segnent.

The val ue of <expr> nust be known on pass 1!

At programstart, the default segnent is OQCE and the base addresses
and | ocation counters of all segnents are set to zero.

Exanpl es: DeEG ;switch to previ ous DATA segnent
CSEG AT 8000h ;start a new QCLE segnent at address 8000H

XSEGat 0 ;start a new XDATA segnent at address 0
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I11.7 Segnent Type

Every assenbly tine expression is assigned a segnent type, depending on
its operands and operators. The segnent type indicates the address space,
the expression result might belong to, if it were used as an address.
There are six possibl e segnent types:

e

DATA

| DATA

XDATA

BT

NUMBER (typel ess)

Mbst expression results have the segnent type NOMBER That neans they are
assuned to be typel ess. However, in sone cases it nmay be useful to assign
a particul ar segnent type!

The follow ng six rules apply when the segnent type is eval uated:

1. Nunerical constants are al ways typel ess.
Qonsequent |y their segnent type is NUMBER

2. Synbol s are assigned a segnent type during definition. Synbols
that are defined with BEQJ or SET have no segnent type.
Label s get the segnent type of the currently active segnent.

3. The result of a unary operation (+ -, NOI, HG{ LON wll have
the segnent type of its operand.

4. The results of all binary operations (except "+', "-" and ".") wll
have no segnent type.

5. If only one operand in a binary "+" or "-" operation has a segnent
type, then the result will have that segnent type, too. In all other
cases, the result will have no segnent type.

6. The result of the bit operation "." wll always have the segnent
type BIT.

--------- The foll ow ng synbol s have been defined in a program

GFFSET BEQU 16
START QOXE 30H
DaT QDE 0100H
REOLED BT P13
VAR AB4 DATA 20H
PCRT DATA 0G8H
RAAY BEYJ 5

1.) The expression START+CFFSET+3 wll have the segnent type GE
2.) The expression START+DA T w il be typel ess.

3.) The expression DA T- REDLED w il be typel ess.

4.) The expression 2*VAR AB4 w il be typel ess.

5.) The expression PCRT. RELAY w Il have the segnent type BIT.

The segnent type i s checked, when expressi ons appear as addresses. |f the
expression result is not typel ess and does not have the segnent type of the
correspondi ng segnent, the instruction is flagged with an error nessage.
The only exceptions are the segnent types DATA and | DATA which are assuned
to be conpatible in the address range of 0 to 7FH S nce ASEM51 does only
support absol ute segnents, those addresses are really al ways pointing to the
sane physical location in the internal nenory.

Line | Addr Code Sour ce

1: N 30 DSEG AT 030H yinternal RAM
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2 30 N 01 GONI: D51 ;counter variabl e
3.
4: CSEG ; RM
5 0000 @ 30 START: QLR QONT
N

@opER segnent type nisnat ch GEEOD

The ALRinstruction is flagged with the error nessage "segnent type nisnatch”
inthe assenbler list file, because only a BT type address is all owed here.
However, GQONT is a label with the segnent type DATA
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I11.8 Assenbl er Gontrols

ASEM 51 inpl enents a nunber of assenbl er controls that influence the

assenbl y process and list file generation. There are two groups of

controls: prinary and general controls.

Primary controls can only be used at the beginning of the programand

remain in effect throughout the assenbly. They nay be preceded only

by control statenents, blank and commentary lines. |f the same prinary
control is used miltiple times wth different paraneters, the |ast one
counts.

General controls may be used everywhere in the program They performa
single action, or remain in effect until they are cancell ed or changed by

a subsequent control statenent.

Acontrol statenent starts always with a'$ character, followed by one or
nore assenbl er control s.

Assenbl er controls may have a nunber or string type operand, whi ch nust

al ways be encl osed i n parent heses.

Nunber type operands are arithnetic expressions that nust be known on pass 1.
Sring type operands are character strings which are encl osed i n parent heses
instead of quotes. In analogy to quoted strings, no control characters
(including tabs) are allowed within these strings! The string delimter ')’
can be represented by two subsequent ')' characters.

If a control statenent changes the listing node, the control statenent itself
is always listed in the previous |isting node!

The followng table lists all the inplemented controls and their abbreviations:

Gontrol Type Default Abbr evi ati on Meani ng

$QO\D G $C\D list full IFxx .. ENDF constructions
$NOOOND G don't list lines in fal se branches
$OONDONLY G list assenbl ed lines only

$DATE(st ri ng) P v $DA inserts date string into page header
$DEBUG P S$NIEBUG  $0B i ncl ude debug i nfornation into obj ect
$SNODEBUG P $NODB don' t include debug infornation
$EIECT G $B) start a newpage inlist file
$ERRR(string) G force a user-defined error

SWARN N string) G out put a warni ng nessage to consol e
$CEN G $GN $CE list macro calls and expansion |ines
SNOGEN G SNOE list macro calls only

$CENOLY G $Q0 list expansion |ines only
$INLUDEfile) G $IC include a source file

$LI ST G $LIsT $LI l'i st subsequent source |ines

$NALI ST G SNALI don't list subsequent source |ines
$MACRO ) P $MACRQ50) $MR reserve n %of free nenory for nacros
$NOMACRO P SNOMR reserve all for the synbol table
$MIB1 P $MIb1 $MD enabl e predefined SFR synbol s
$NOMIB1 P $NOMD  di sabl e predefined SFR synbol s

$NCBU LTI N P list SFR don't list predefined synbol s
$NOTABS P use tabs don't use tabs inlist file

$PAQ NG P $PAANG $P enabl e listing page formatting
SNCPAQ NG P SNCPI disable listing page formatting
$PAELENGTHN) P n= $PL set lines per page for listing
$PACEW DTH_ n) P n=132 $PW set colums per line for listing

$PH LI PS P MS51 switch on 83C75x family support



$SAVE G $SA save current $LI ST/ $GN $COND st at e
$RESTARE G SRS restore ol d $LI ST/ $AAN $AGOND st at e
$SYMBALS P $SYMBALS  $B create synbol table

SNOBYMBALS P $NOBB  don't create synbol table
$TITLE(string) G copyright $TT inserts title string into page header
SXREF P SNOGREF R create cross reference

SNOREF P SNOR don't create cross reference

The subsequent paragraphs contain detail ed expl anations of the inpl enented
control s.
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111.8.1 Prinary Gontrol s

$DATE (string)

$DEBUG

$SNDEBUG

$MACRO ()

SNOMACRO

$MIB1

$NOMI61

$PAA NG

SNCPAG NG

$PAGELENGTH (n)

$PAGBWDTH (n)

$PH LIPS

$SYMBALS

SNOBYMBALS

$NCBU LTI N

$NOTABS

Inserts a date string into the list file page header.

If $DATH() is specified, the actual date is inserted.
Date strings wll be truncated to a naxi numlength of

11 characters.

Default is: no date string.

The control has no effect, when the $NOPAQ NG control has
been speci fi ed.

I ncl udes debug infornmation into the GM~51 nodul e. Wen
generating Intel -HEX file out put, $DEBUG has no effect.

Don't include debug information. (Default!)

Save nacro definitions and expand nmacro calls. (Default!)
otionally reserve n %of free nenory for nacro definitions.
(0 <= n <= 100)

Default is n=50.

The control has been inpl enented for conpatibility purposes
only. In ASEM51 it has no effect except that it cancel s
the $NOMACRO control .

Don't save nacro definitions and don't expand nmacro calls.
Reserve all free nenory for the synbol table.

The control has been inpl emented for conpatibility purposes
only. In ASEM51, it only suppresses the nacro expansi on.

Switches on the built-in 8051 special function register
and interrupt synbol definitions. (Default!)

Switches off the built-in 8051 special function register
and interrupt synbol definitions. The predefined synbol s
??ASEM 51 and ??VERS ON cannot be sw tched of f!

Shitches on the page fornatting in the list file.
(Default!)

Shitches off the page formatting in the list file.

Sets the list file page length to n |ines.

(12 <= n <= 65535)

Default is n=64.

The control has no effect, when the $NCPAQ NG control has
been speci fi ed.

Sets the list file page width to n col ums.
(72 <= n <= 255)
Default is n=132.

Shitches on the Philips 83C75x family support option.

Thi s disables the LIMP, LCALL, and MDVX i nstructions as

vel | as the XDATA and XSEG pseudo instructions. Generic
junps and calls wll always assenbl e to absol ute addressi ng.

Generates the synbol table at the end of the list file.
(DCefault!)
Wen the $XREF control is active, $SYMBALS has no effect!

Suppresses the synbol table at the end of the list file.
Wen the $XREF control is active, $NOBYMBALS has no effect!

Suppresses the predefined (built-in) synbols in the synbol
table or cross-reference listing for a better survey.
nly the user-defined synbols are |isted.

Expands all tab characters in the list file output to
bl anks.
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Generates a cross-reference listing instead of a synbol
table. Note that this slightly sl ows down assenbly, and
consunes about 67 %nore nenory space!

Generates a synbol table instead of a cross-reference
listing. (Default!)

$SNOMIDB1 ;switch off 8051 SFR synbol definitions
$PAGELENGTH 60) ;set page length to 60 |ines per page
$PW(80) ;set page width to 80 characters per line
$NOSYMBALS ;no synbol table required

$NOTABS ;printer doesn't support tab characters
$DATH( 2. 8. 95) ;date of latest version

$XRE ;generate a cross-reference listing

$ DEBUG NCPAQ NG ;include debugging information into QM~51

;nodul es, and suppress page fornatting

111.8.2 General Gontrol s

$NOOOND

$OONDANLY

$EJECT

List full IFxx .. BBSHFxx .. BLSE .. BENOF constructions.
(Default!) The Control is overridden by $NCLI ST.

Don't list linesinfalse IFxx .. BEBSHFxx .. BHSE.. BENOF
branches. The Gontrol is overridden by $NOLIST.

List linesintrue IFxx .. BESHFxx .. BLSE.. ENDF
branches only, without the | Fxx, BLSH Fxx, ELSE and END F
statenents itself. The Gontrol is overridden by $NCLI ST.

Sarts anewpage inthe list file.
The control has no effect, when the $NJPAQ NG control has
been speci fi ed.

$ERRR (string) Forces an assenbly error with a user-defined error nessage.

This is intended to support configurati on managenent and
can be applied sensefully with conditional assenbly only.

$WARN NG (string) Qutputs a user-defined warni ng nessage to the consol e, and

increnents the warning count. This is also intended to ease
confi gurati on nanagenent .

$CEN Li st nmacro calls and expanded nacros. (Default!)
The listing fully shows the nesting of macro calls.
The Gontrol is overridden by $NOLI ST.

$NOCEN Li st nacro calls only. The expanded nacros are not |isted.
The Gontrol is overridden by $NOLI ST.

$CENOLY Li st the expanded nacro bodies only. Macro calls and EXTM
statements are not |isted.
The Qontrol is overridden by $NCLI ST.

$INLLCE (file) Includes an external source file into the assenbl er program
just behind the $I NOLLLCE statenent. |If the include file has
not been specified with an absolute path, and it cannot be
found in the default directory, the path specified with the
/1 NCLUDES command |ine option (if present) is searched from
left toright, and if it cannot be found there either, the
path specified with the environnent variabl e ASEM1INC (i f
defined) is searched fromleft to right as well.
Include files may be nested to any depth.

$LI ST Li st source code lines. (Default!)

$NALI ST Do not |ist source code lines, provided they do not contain
errors, until the next $LIST statenent occurs.

$SAVE Saves the current $LI ST/ $GEN $COND state on a $SAVE- st ack.

$SAVE statenents can be nested to any depth.



- 38-

$RESTCRE Restores a previously saved $LI ST/ $GN $OQOND st at e.

$TITLE (string) Inserts atitle stringinto the list file page header.
Titles may be truncated according to the specified (or
default) page w dth.
Defaul t: ASEM 51 copyright information.
The control has no effect, when the $NJPAQ NG control has
been speci fi ed.

Exanpl es:  $NOLI ST ;switch off listing
$I NOLUDE (8052, MD)) ;include 8052 SFR synbol definition file
$LI ST ;switch on listing
$TI TLE (Gonputer-CGontrol | ed Gombustion Lhit for Mt orcycl es)
$BJ ;new page with newtitle

$ERRCR(inval id configuration: buffer size > external RAMSsi ze)
SWARN N int. RAMdoesn't neet nini numstack size requirenents)
$SAVE GENONLY GONDANLY ; save ol d $LI ST/ $CBAY $QOND status, and |i st

;only source lines that are really assenbl ed
$RESTCRE ;restore previous |isting node

I11.9 Predefined Synbol s

For easy access to the 8051 special function register and interrupt
addresses, ASEM51 has a nunber of predefined (built-in) DATA BT and
QCCE synbol s.

These predefined synbol s can be switched off with the $NOMIB1 control .
For detailed information on synbol s and addresses refer to Appendi x C
For identification of the assenbler and its version nunber, the follow ng
NUMBER type synbol s are predefi ned:

8051H ASEM 51
0130H version 1.3

27ASEM 51
2?2VERS ON

These two synbol s can not be swtched of f!
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I11.10 Gonditional Assenbly

Gondi tional assenbly allows to assenbl e or ignore selected parts of code.
Thi s can be used to keep the code for various programvariants in a single
source, to ease configuration control and nai ntenance. Qonditional assenbly
is also useful towite fancy nacros.

The followi ng fourteen neta instructi ons have been i npl enent ed:

I F <expr > BSHF <expr >

I FN <expr> B .SH FN <expr >

| FDEF  <synbol > B.SH FDE- <synbol >
| FNDCEF <synbol > B.SH FNDE- <synbol >
| FB <literal > B .SH FB <literal >
IFNB  diteral > BSHFNB <iteral >
BEND F B.SE

Meta instructions overlay the Intel MCS-51 assenbly | anguage, but are not
part of it! C programers nay conpare themto C preprocessor cormands.

In the subsequent text, IFxx is used as a col |l ective nane for the

I F 1N | FOEFH | FNDEH | FB I FNB i nstructions. In anal ogy BLSH Fxx is used as a
col lective nane for the B.SH F BH.SH RN H_.SH FDEH BLSH FNDEF ELSH FB/ BLSH FN\B
instructions (not including BLSE).

I11.10.1 General | Fxx Gonstruction
Snple IFxx ... BENOF constructi ons can be used to assenbl e a nunber of
encl osed statenents only, if a particluar condition is net:

| Fxx <condi ti on>

<st atenent 1>

<st atenent 2>
;assenbled if <condition>is TRE

<statenent n>
END F

The statenents 1 through n are assenbled if <condition>is TRJE otherw se
they are ignored.

If it should be possible to select two variants of code depending on a
particular condition, this can be done with an IFxx .. BBSE.. ENDF
construction. If the <condition>in the |Fxx statenent is TRUE then
statenents 1 to n are assenbl ed and the statenents n+l to ntmare ignored.

| Fxx <condi ti on>
<statement 1>
. ;assenbled if <condition>is TRE
<statenent n>
ELSE
<statenent n+1>
. ;assenbl ed i f <condition>is FALSE
<statenment n+np
BND F

Shoul d <condition> be FALSE it is exactly vice versal That neans the
statenents 1 to n are ignored and the statenents n+l to ntmare assenbl ed.
This works also, if the | Fxx or ELSE branches contain no statenents at all.

Wienever nore than two cases have to be distinguished, a correspondi ng nunber
of BLSH Fxx branches can be inserted between the | Fxx and the ELSE branch.
Insuch an IFxx .. BEBSHFxx .. BBSE .. BENOF construction, only the statenents
inthe branch with the first TRE condition are assenbl ed. The statenents in
all other branches are ignored.

If none of the conditions is TRE only the statenents in the BLSE branch

(if any) are assenbl ed.

| Fxx <condition 1>
;assenbled if <condition 1> is TRE
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H.SH Fxx <condition 2>

;assenbled if <condition 1> is FALSE

. ;and <condition 2> is TRE

H.SH Fxx <condition 3>
. ;assenbl ed i f <condition 1> and

r<condition 2> are FALSE, and

;<condition 3> is TRE

H.SH Fxx <condition n>
;assenbl ed i f <condition 1> thru
;<condition n-1> are FALSE and
;<condition n>is TRE

BLSE

;assenbled if <condition 1> thru

. ;<condition n> are FALSE

END F

IFxx ... BBSHFxx ... ELSE ... BENDF constructions nay be nested to any depth!
The listing node of those constructions can be set with the $GOND, $NJAOOND and
$OQONDONLY control s.

I11.10.2 I Fxx and ELSH Fxx I nstructions

The particular I Fxx instructions are working as fol | ows:

| F <expr> The IF condition is TRE if the expression <expr>is not
equal to 0. The val ue of <expr> nust be known on pass 1!

| FN <expr> The IFN condition is TRUE if the expression <expr>is
equal to 0. The val ue of <expr> nust be known on pass 1!

| FOEF <synbol > The | FDEF condition is TRE if the <synbol > is defined in
the program Forward references to <synbol > are not al | oned!

| FNDEF <synbol > The | FNDEF condition is TRJE if the <synbol > is not defined
inthe program Forward references to <synbol > are not al | owned!

IFB <literal> The IFB (if blank) conditionis TRE if the <literal>is
enpty. <literal>is a string, enclosed in angl e brackets.

IFNB <literal> The IFNB (if not blank) conditionis TRE if the <literal>is
not enpty. <literal>is a string, enclosed in angl e brackets.

Athough the IFB and | FNB statenents are valid al so outside of
nacros, they can be applied sensefully in nacro bodi es only.
Wsual |y they are used to deci de, whether nacro argunents have
been | eft bl ank, or not.

The correspondi ng BLSH Fxx instructions are working respectively.

Exanple 1: |IF.. BESE.. BENDF construction

TARET EQU O ;configuration: 1 for application board
R R LR 0 for eval uation board

I F TARGET

RGO ;programstart address of application board
B.SE

CRG 8000H ;programstart address of eval uation board
END F

Qurrently the programis configured for the eval uati on board
ver si on.

Exanple 2: |FNDEF .. BLSE .. BENDF construction
yEVA 537 EQU 0 ; synbol undefined: 80C537 application board
;synbol defi ned: 80537 eval uati on board
| FNDEF EVA 537
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Q.O0X EQJ 16 ;clock frequency of application board

CSEG AT O ;programstart address of application board
BLSE

Q0K BEQJ 12 ;clock frequency of eval uation board

CSEG AT 8000H ;programstart address of eval uation board
ENDF

Qurrently the programis configured for the application board
ver si on.

Exanple 3: IFB.. BESE .. BENDF construction
DEADE MMCRO X Y
| FB <X&Y>
NCP
NCP
ELSE
DB ' & &Y'
END F
ENDM

If the above nacro is invoked as fol | ows,

DEA CE Nonsense

the parameter X will be replaced by "Nonsense" and the

paraneter Y by a zero length string. Thus the IFB literal

becones <Nonsense>, and the macro will be expanded to:
DB ' Nonsense, '

If the macro will be invoked w thout argunents,

DEA CE

the paraneters X and Y will be replaced by zero | ength

strings both, and the IFB literal becones <>. Thus the

nacro wll be expanded to:

NP
NP

Macros are explained in detail in chapter

"I'l'l.11 Macro Processing".

Exanple 4. |IFNDEF .. BEBESHF .. BBSHF .. BSE.. BENDF construction

The synbol BALDRATE serves to define the UART baudrat e:

| FNDE- BALDRATE

LIMP AUTCRALD ;automati ¢ baudrate detection
BL.SH F BALDRATE EQ 9600
MO/ THL, #OFDH ;9600 baud
BELSH F BALDRATE EQ 1200
MDY THL, #OBSH ; 1200 baud
BHSE
$ERRCR baudr at e not i npl enent ed)
BEND F

If the synbol BADRATE is not defined at all, a junp to
the | abel AUTGBALD is perforned.

If the synbol BALDRATE is defined with one of the |egal
val ues 9600 or 1200, tiner 1 is initialized accordingly.
If the synbol BALDRATE is defined with another val ue, a
correspondi ng user-defined error nessage i s generat ed.
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I11.11 Macro Processing

Macros al |l ow to conbi ne basi ¢ assenbl er instructions to "super commands”.
For this, macros are defined as bl ocks of code, which can be used in a
program wherever it is desired.

However, an advanced macro design with paraneters, |ocal synbols and nacro
operators, conbined with conditional assenbly, goes far beyond this basic
functionality!

Wth only five keywords (MACRQ REPT, ENDM EXTM LQCAL) and sone control
characters the ASEM51 nmacro processor provides a variety of powerful tools.
These five neta instructions are not part of the Intel MCS 51 assenbly

| anguage, but overlay it, as already known fromconditional assenbly.
There are two sorts of nacros: callable nacros and repeat bl ocks.

I11.11.1 S nple Call abl e Macros

Macros nust first be defined, before they can be called in a program

A sinpl e nacro definition consists of the macro name, which can be defined
with the keyword MMCRQ the nmacro body, and a final BENDM (end nacro)

i nstructi on.

<nacr o nane> MACRO
<body |ine 1>
<body |ine 2>

<body |ine n»
ENDM

The nacro nane nust be a valid, unique synbol. It cannot be redefined | ater.
Keywords cannot be used as nacro nanes.

The macro body nay conprise any nunber of lines. Body lines may be all kinds
of assenbl er instructions, pseudo instructions, controls, neta instructions,
nacro calls and even further nacro definitions.

The macro body and the whol e nacro definition is ternminated with the ENDM

i nstruction.

Macros nust be defined, before they can be called. Forward references to
nmacros are not allowed. Oice defined, a nacro can be called by its nane in
the subsequent programas often as desired. Wenever a nacro is called, the
nmacro body will be "inserted" into the programand then assenbl ed as nornal
source lines. This process is called macro expansi on.

Exanpl e: M_FI RST MMCRO ; definition
-------- MOV A #42

ADD A RS

ENCM

M _H RST ;call

After the call of the macro MY_FIRST, the body |ines

MOV A #42
ADD A R

are inserted into the programand assenbl ed.

I11.11. 2 Macro Paraneters

Cal | abl e macros nmay have paraneters, to allow nore flexible use.

The nanes of the formal paraneters are specified in the macro definition
behi nd the keyword MMCRQ separated by commas. Al paraneter nanes of a
macro nust be different, valid synbols. Keywords cannot be used as

paranet er nanes. Macros may have any nunber of paraneters, as long as they
fit on one line. Paraneter nanes are | ocal synbols, which are known wthin
the macro only. Qutside the nmacro they have no neani ng!

<nacr o name> MACRO <paraneter 1> <paraneter 2>, ... ,<paraneter n>
<body line 1>



<body |ine 2>
<bod;/ line
BENDM

Wien cal | ed, actual argunents can be passed to the nacro. The argunents
nust be separated by comrmas. Valid nacro argunents are

1. arbitrary sequences of printable characters, not containing bl anks,
tabs, commas, or senicol ons

2. quoted strings (in single or double quotes)

3. single printabl e characters, preceded by '!' as an escape character
4. character sequences, enclosed in literal brackets < ... > which nay
be arbitrary sequences of valid macro argunents (types 1. - 4.),

bl anks, conmmas and seni col ons
5. arbitrary sequences of valid nacro arguments (types 1. - 4.)

6. expressions preceded by a '% character

Note: The keywords MMCRQ EQJ SET, GDE DATA | DATA XDATA BT, and

the ':' character cannot be passed as the first nacro argunent,
because they always start a synbol definition!
Therefore they nust be enclosed in literal brackets <... >

Duri ng nacro expansi on, these actual argunents repl ace the synbol s of the
correspondi ng fornmal paraneters, wherever they are recogni zed in the nacro
body. The first argunent repl aces the synbol of the first paraneter, the
second argunent repl aces the synbol of the second paraneter, and so forth.
This is called substitution.

Wthout special assistance, the assenbler wll not recognize a paraneter
synbol if it

- is part of another synbol
- is contained in a quoted string

- appears in commentary

Exanpl e 1: MY_SEGOND NACRO QONSTANT, REQ STER
---------- MDY A #QONSTANT

ADD A REQ STER

ENDV

MY_SEQOND 42, RS
After calling the macro MY_SEQOND, the body I|ines

MOV A #42
ADD A R5

are inserted into the program and assenbl ed.
The paranet er nanes GONSTANT and REQ STER have been
repl aced by the nacro argunents "42" and "R5".

The nunber of argunents, passed to a macro, can be less (but not greater)
than the nunber of its fornal paraneters. If an argunent is omtted, the
correspondi ng fornmal paraneter is replaced by an enpty string.

If other argunents than the last ones are to be omtted, they can be
represented by commas.

Exanpl e 2: The macro CPTIAONAL has eight fornal paraneters:

CPTI ONAL MACRO P, P2, P3, P4, PS5, PG, P7, P8

<niacr 0 body>



ENDMV
If it is called as foll ows,
CPTIONAL 1, 2,,,5,6

the formal paraneters P1, P2, P5 and P6 are repl aced by the
argunents 1, 2, 5 and 6 during substitution. The paraneters
P3, P4, P7 and P8 are replaced by a zero length string.

For nore flexible macro design, there nust be a possibility to recogni ze
enpty nacro argunents, and to branch the nacro expansi on accordingly.

This can be perforned with conditional assenbly, using the |FB and | FNB
neta instructions. (See chapter "I11.10.2 | Fxx and BLSH Fxx Instructions".)

I11.11. 3 Repeat Mcros

Repeat nacros don't have a nacro nane, and therefore cannot be cal |l ed
multiple tines. They are always expanded i medi ately after their definition.
During expansion, their macro body is repeated n tines (0 <= n <= 65535).
Repeat nmacros start with the keyword REPT, followed by an expressi on, which
nust be known on pass 1. In analogy to callable nmacros, there is a nacro
body, which nust be ternminated with an ENDMi nstructi on:

REPT <expr essi on>
<body line 1>
<body |ine 2>

<bod;/ line m»
ENDM

The expression val ue specifies how nany tinmes the macro body is to be
repeated. Snce repeat nacros start with the keyword REPT, they are
sonetines al so call ed "REPT bl ocks".

Exanpl e: REPT 5
-------- NCP
ENOM

This REPT block will expand to five NCP instructions
imediately after its definition:

NCP
NP
NP
NCP

I11.11.4 Local Synbol s

Local synbol s are synbol s, which are only known within a macro body, but not
outsi de the macro. Synbols that are defined for the whol e program wll
subsequent |y be call ed "gl obal synbol s* for better understandi ng.

W are already fanmiliar with a special case of |ocal synbols: fornal nacro
paraneters. They appear in the nmacro definition only. Snce they are
substituted during nacro expansion, we don't have further problens with them
But what happens with synbol s that are defined in a macro body?

Exanpl e 1: The following sinple macro is intended to read a character
---------- fromthe 8051 UART, and to returnit in A

RECH VE MACRO
UARTIN INB R, UARTIN

MOV A SBUF

aRR

BENDM
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This wll work only once! If the macro RECHVE is called
miltiple tines, the |abel UMRTINW || be multiply defined.

This can be sol ved by sinply declaring the synbol UARTIN | ocal .

For this, the LOCAL statenent has been introduced. After the keyword

LOCAL, a list of local synbols can be specified, separated by conmas.

These synbols will only be valid inside the nacro that contai ns the LOCAL
statenment. LQOCAL statenents rmay only be placed directly after the MACRO

or REPT statenent, preceding the first body |ine. They may contain any
nunber of |ocal symbols. The nmacro body nmay be preceded by an arbitrary
nunber of LOCAL statenents.

Local synbol s nust be valid synbols, unique within the nacro, and different
fromthe fornal paraneters (if any). Keywords cannot be used as | ocal synbol
nanes. |f a local synbol has the same nane as a gl obal synbol, the | ocal
scope takes precedance during substitution.

Wien a nacro is expanded, its local synbols are always substituted: the
formal paraneters are repl aced by the macro argunents, and the | ocal synbol s
that have been declared in a LOCAL statenent are repl aced by uni que, gl obal
synbol nanes, whi ch the assenbl er generates during every expansi on. These
have always the format ??xxxx, where xxxx is a uni que synbol nurber.

Exanpl e 2: After a redesign of our previous macro RECH VE using
---------- local synbols, it is looking as foll ows:

RECH VE MACRO

LGCAL UARTIN
UARTIN JNB R, UARTIN

MOV A SBUF

adRR

BENDM

Enhanced as shown above, the macro will work correctly,
as often as desired. Wen RECEHVE is called for the first
tine, the local synbol UARTIN w Il be replaced by 2?0000,

??0000: JNB R, 2?0000
MOV A SBUF
aRR

when it is called for the second tine, UARTINw || be
repl aced by ??0001, and so on:

??0001: JNB R, 7?0001
MOV A SBUF
adRR

However, it is recommended not to define global synbols in the format ??xxxXx,
to avoid name conflicts with substituted | ocal synbols fromexpanded nacros.

I11.11.5 Macro Qperators
There are sone special control characters, which are very useful for nacro
definition, call and expansi on:

i Macro conment ary:
Normal Iy, comrments in body lines are al so contained in the expanded
lines. If a coomentary begins with ';;' however, it is not stored
during nacro definition. Therefore, it doesn't consune nenory space,
and appears in the list filein the macro definition only, but not
in the expanded |i nes.

! Literal operator:
If the escape character '!' precedes another printable character in
a nacro argunent, the assenbler is forced to treat that character
literally. This neans it will be passed to the nacro, evenif it is
a control character, while the literal operator itself is renoved.

<> Literal brackets:
If a macro argunent is intended to contain separati on or control
characters, it nust be enclosed in literal brackets <... >to pass

it to the nacro as one argunent string, while the outernost pair of



%
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brackets is renoved. Literal brackets can be nested to any depth.

Eval uati on:

If a macro argunent is preceded by the eval uati on operator '%, it
isinterpreted as an expression, which will be eval uated before it
is passed to the nacro. The actual argunent string will not be the
expression itself, but a decimal ASQI| representation of its val ue.
The expression nust be known on pass 1.

& Substitution:
The ' & character separates paraneter nanes (local synbols) from
surroundi ng text. Qutside quoted strings and coomentary it serves
only as a general separation character. This applies al ways when
a local synbol directly precedes or follows another al phanureric
string. Inside quoted strings and coomentary, a |local synbol nust
be preceded by '& if it is to be substituted there.
During every nacro expansion, the assenbl er renoves exactly one ' &
fromevery sequence of '& characters. This allows for exanple, to
define a nested nacro inside a macro body, which al so uses the
substitution operator '&: one wites sinply '&&!
Exanpl e 1: The commentary should only be visible in the definition
---------- of the nacro LI CENSE
LI CBNSE MACRO
OB ' Gopyright' ;;legal stuff
BENDM
Wen cal | ed, the expanded macro body is | ooki ng
like thisinthelist file:
OB ' Gopyri ght'
Exanpl e 2: SPEA AL !;
passes a senicolon to the macro SPEAAL as a literal
argunent. This could al so be done wth
SPEAAL < >
Exanpl e 3: The nmacro QONST defines a 16-bit constant in ROM
GONST MACRO NUMB
DWNUMB
BENDM
If it is called as shown bel ow
GONST 0815H+4711- 42
the paranmeter NUMB woul d be substituted as fol |l ows:
DW0815H+4711- 42
If the sane macro argunent is preceded by a ' % however,
GONST 99815H+4711- 42
the substitution wll result in:
DNV 6738
Exanpl e 4: During substitution, both argunents of the macro GONCAT

----- shoul d forma seantess synbol nane:

QONCAT MACRO NAV) NUM
MOV R3, #0

NAVGNUM - DINZ R3, NAVGNUM

ENDM

Wien QONCAT is called as foll ows,
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QONCAT LABH, 08

the parameters NAMand NUM are substituted during nacro
expansi on as shown bel ow

MOV R3, #0
LABH 08: DINZ R3, LABH 08

I11.11.6 Premature End of a Macro Expansi on

Sonetimes it is useful, if a macro expansi on can be termnated, before

the end of the nacro body is reached. This can be forced with the EXT™M
(exit macro) instruction. However, this makes sense in conjunction wth
conditional assenbly only.

Exanpl e: FLEX BLE MACRO QUANTI TY
-------- DB ' Text'

| F QUANTI TY LE 255

BEX ™

ENDI F

DWQUANTI TY
ENDM

The macro FLEXI BLE al ways has to insert the string ' Text'
into the OCE space. After that, it should insert a 16-bit
constant only, if the nunerical val ue of the paraneter
QUNTITY is greater than 255.

Q herwi se the macro expansi on shoul d be termnated wth
EX TMbefore. If the nmacro is called as fol | ows,

FLEX BLE 42
it wll be expanded to
OB ' Text'

inlist node $ANOLY $CONDAO\LY.
However, if it is called like this,

FLEXI BLE 4711
it wll be expanded to:

DB ' Text'
DW4711

Wien a nacro expansion is termnated with EXTM all |Fxx constructions that
have been opened wi thin the macro body so far, are cl osed.

O course nacro bodi es may al so contain control statenents. If an include
fileis inserted into a macro body with a $I NOLUDE control, and this include
file, or anested include file, contains an EXTMinstruction, all include
file levels up to the next nacro level are closed at this point, and the
expansi on of that nacro is termnated i rmedi ately.

I11.11.7 Nested and Recursive Macro Gall s

Macro bodi es nmay al so contain nacro calls, and so nay the bodies of those
call ed nacros, and so forth.

If a macro call is seen throughout the expansion of a nmacro, the assenbl er
starts inmedi ately with the expansion of the called nacro. For this, its
its expanded body lines are sinply inserted into the expanded nacro body of
the calling macro, until the called nacro is conpl etel y expanded. Then the
expansion of the calling nmacro is continued with the body Iine fol | owi ng
the nested nmacro call.

Exanpl e 1: I NS DE MACRO
---------- SUBB A R3
ENDM

QJrs CE MMGRO
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MOV A #42
I NSl DE
MV R7, A
BENDM

In the body of the macro QUISIDE, the macro ISSDEis call ed.
If QUISICE is called (and the list node is set to $SGENILY),
one gets sonething |ike the foll ow ng expansi on:

Line | Addr GCode Sour ce
15+ 1 0000 74 2A MOV A #42
17+ 2 0002 9B SBB A R3
18+ 1 0003 FF MV R7, A

S nce macro calls can be nested to any depth (while there is free nenory),
the macro expansion level is shown in the |-columm of the list file.

Snce macro and include file level s can be nested in arbitrary sequence and
depth, the nesting level is counted through all macro and include file

|l evel s regardl ess. For better distinction, the character follow ng the
global line nunber is ':" for include file levels, and '+ for nacro |evels.

If macros are calling thensel ves, one speaks of recursive nacro calls.

In this case, there nust be some stop criterion, to prevent the nacro of
calling itself over and over until the assenbler is running out of nenory!
Here again, conditional assenbly is the sol ution:

Exanpl e 2: The macro QOUNTDOM is to define 16-bit constants from
---------- 1 thru nin descending order in ROM n can be passed to
the macro as a paraneter:

GAUNTDOAN MACRO DEPTH
IF DEPTH GT O
DWDEPTH

CGOUNTDOMN %BEPTH 1
B\D F

ENDM

If GQONTDOM is called like this,

GAUNTDOM 7

sonething |ike the fol l ow ng nacro expansion results
(inlist node $SCENONLY/ $SCONDALY) :

Line | Addr (ode Sour ce
16+ 1 0000 00 07 DV7
19+ 2 0002 00 06 DW6
22+ 3 0004 00 05 DW5
25+ 4 0006 00 04 DWV4
28+ 5 0008 00 03 DW3
31+ 6 O000A 00 02 DwW2
34+ 7 000C 00 01 DV1

After the Dark Ages, when the dust was settling and the sun broke through
the gl oom conputer science di scovered the nethod of recursive programmi ng.
There was no doubt that this was the SQUTI ON

And the conputer scientists started to explain this to the students.

But it seened that the students didn't get it. They al ways conpl ai ned

that recursive calculation of n! is a silly exanpl e i ndeed.

Al the scientists felt stronly that there was still sonethi ng nissing.
After 10 nore years of hard research work, they al so found the PRCBLEM

Exanpl e 3: The Towers of Hanoi
There are three vertical sticks on the table. On stick 1
there are n discs with different dianeters and a hole in
the mddl e, the snallest disc on top, the biggest on the
bot t om

Sick 1 Sick 2 Sick 3
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I I
LI e

The PROBLEMis to transfer the tower of discs fromstick 1
to stick 2 with a mnimumof noves. But only the topnost
disc on a tower may be noved at one tine, and no di sc may
be layed on a smaller disc. Sick 3 nay be used for scratch
purposes. This is a SALUTION with ASEM 51 nacr os:

: The Towers of Hanoi
$EENOLY GONDONLY
D SCS BEQU 3 ;nunber of discs
HANO MACRO n, SOURCE, DESTINATI QN SCRATCH
IFn>0
HANO %n-1), SOURCE SCRATCH DESTI NATI ON
; nove topnost disc fromstick &0URCE to stick &DESTI NATION
HANO %n-1), SCRATCH DESTINATIQN SORCE
END F
BENDM
HANO DSCs 1, 2, 3
END
The recursive macro HANO generates an instruction nanual
for the PROBLEM where the instructions appear as comment

lines inthelist file. The synbol DO SCS nust be set to
the desired nunber of discs. If HANO is called like this,

HNO 3, 1, 2, 3

the following "instruction nanual " is generated:

27+ 3 ; nove topnost disc fromstick 1 to stick 2
35+ 2 ; nove topnost disc fromstick 1 to stick 3
44+ 3 ; nove topnost disc fromstick 2 to stick 3
53+ 1 ; nove topnost disc fromstick 1 to stick 2
64+ 3 ; nove topnost disc fromstick 3 to stick 1
72+ 2 ; nove topnost disc fromstick 3 to stick 2
81+ 3 ; nove topnost disc fromstick 1 to stick 2

The GENONLY and GONDONLY control s ensure that the table
doesn't contain all the macro calls and | F constructions.

Exercise 1: Mdify the nacro HANO so that it is generating a nove
table in ROM which could directly be used as an i nput
for an 8051-controlled robot-armthat really plays the
gane wth 3 real sticks and n real discs.

n
Exerci se 2: Prove that the mni numnunber of noves is 2 - 1. )

I11.11. 8 Nested Macro Definitions

A nacro body may al so contain further nacro definitions. However, these
nested nacro definitions aren't valid until the enclosing nacro has been
expanded! That neans, the encl osing nacro nust have been cal | ed, before
the nested nacros can be cal | ed.

Exanpl e 1: A nacro, which can be used to define nacros with arbitrary
---------- nanes, nay | ook as foll ows:

DEF NE MACRO MAONAME
MAONAME MACRO
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DB 'l amthe macro &MAONAME. '
BENDM
ENDM

In order not to overload the exanpl e w th "knowhow', i)
the nested nmacro only introduces itself kindly wth
a suitabl e character string in ROM The cal |

DEFl NE (i wan

woul d define the macro

Cbi van MACRO

DB 'l amthe macro biwan.'

BENDM

and the call

DEFl NE Skywal ker

woul d define the fol | ow ng nacro:
Skywal ker MACRO

B'l amthe nmacro Skywal ker.'
ENOM

Exanpl e 2: Anacro is to insert a variable nunber of NOPs into the
---------- program For this, a macro with a nested REPT bl ock seens
to be best-suited:

REPEAT NACRO NCPS
REPT NOPS

NP

BENDM

ENDM

The nacro cal |
REPEAT 4

results in sonething like that:

Line | Addr (ode Sour ce
9+ 1 N 0004 REFT 4
10+ 1 NP
11+ 1 BENDM
12+ 2 0000 00 NP
13+ 2 0001 00 NP
14+ 2 0002 00 NCP
15+ 2 0003 00 NP

I11.11.9 Representation in the List File

Soneti mes nacro expansi ons tend to produce nuch nore listing |ines than
resulting code. To list or not to list - that is the question!

The requirenents to either get a better overall viewor nore detail ed
information may vary in different devel opnent phases or program sections.
To always get the best results, a nunber of general controls has been

i ntroduced, which influence the representation of macro expansi ons and | Fxx

constructions inthe list file (see chapter "I11.8 Assenbler Control s"):
Gontrol  Type Default  Abbreviation Meani ng

$CEN G $&N $C&E list macro calls and expansion |ines
SNOEN G SNOE list macro calls only

$ENOLY G $Q0 list expansion lines only

$QO\D G $CND list full IFxx .. ENDF constructions
$NOOOND G don't list lines in fal se branches
$CONDAOLY G list assenbl ed |ines only



$SAVE G $SA save current $LI ST/ $CEN $CO\D st at e
$RESTCRE G $RS restore ol d $LI ST/ $GEN $CO\D st at e
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IV. Conpatibility with the Intel Assenbl er

Wth their cross assenbl er ASVB1, Intel has defined and i npl enented a
suitabl e assenbl y | anguage for the MCS-51 famly, which has al ways been
the only real standard in the 8051 worl d.

Unfortunately, Intel has announced the "end of life" of ASVA1 (fi nal
version 2.3) and all the other Intel MCS-51 devel opnent tools to the

end of 1993.

The ASEM 51 assenbly | anguage is a subset of the Intel standard that
guar ant ees naxi numconpatibility wth existing 8051 assenbl er sources.

It inplenents all 8051 instruction menonics as well as a rich and usef ul
subset of the Intel pseudo instructions and assenbl er controls.

IV.1 Restrictions

S nce ASEM51 generates an Intel-HEX file (or absol ute GM~51) out put

i nstead of rel ocatabl e obj ect nodul es, the whol e source code of an 8051
application programhas to reside in one single file. Consequently all
pseudo instructions that deal with relocatable segnents or external or
public synbol s, have not been inpl enent ed:

PUBLI C
EXTRN
SEQVENT
RSEG

Intel -style macros are not supported! (Thus the '% character can be used in
conments. )

W to nowonly the foll owing assenbl er controls and their abbreviations have
been i npl enent ed:

SERRR (<string>  -----
SWARN NG (<string>) -----

| primary controls abbrev. | general controls abbr ev.
_________ o

|  $DATE (<string>) $DA | S$BEIECT $EJ

| $DEBUG $B | $GN $&E

| $NDEBUG SNDB | $NOGEN SNOE

| $MACRO (<per cent >) $MR | $CGENAOLY $Q0

| $NOWACRO SNOVR | $INOLLEE (<fil e>) $IC
Intel- | $MIDbBL $MD | sLIST $LI

|  $NOMODBL SNOMD | $NaLI ST SNALI
controls | $PAG NG $H |  $SAVE $SA

| $NCPAQ NG NP | $RESTGRE $RS

| $SYMBALS $B |  $TITLE (<string>) $TT

| $NCBYMBALS $NCB |

|  $PACGELENGTH (<l i nes>) $PL |

|  $PAGEWDTH (<col unms>) SPW |
_________ S

| $NBULTIN  ----- | sco» 0 -----
ASEM51 | $NOTABS 0 a---- | $NOOOD 0000 e-e--
controls | $PHLIPS ----- | s$conbaoLyYy 0 -----

I I

I I

Assenbl er controls need not start in colum 1, but nmay be preceded by any
nunber of bl anks and tabs. Prinary controls nay al so be preceded by coment
lines and $I NOLUDE statenents, provided the corresponding include files are
only containing other control statenents and commentary.

The source file may contain bl ank and conment |ines behind the BND stat enent.
Character strings nay al so be encl osed in doubl e quot es.

The DATA synbol for the special function register POONis predefined.

The bit operator '.' is legal in all expressions, not only in those that
have to natch the segment type BIT.

ASEM 51 introduces a set of neta instructions, which overlay the Intel MS 51
assenbl y | anguage, but are not part of it!
The neta instructions | Fxx, ELSH Fxx, ELSE, and BEND F al | ow condi ti onal
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assenbly, while the neta instructions MCRQ REPT, ENDOM EXTM and LOCAL
(and sone control characters) forma powerful nacro processing | anguage.
For detailed information on neta instructi ons see chapters

"I'll.10 Gonditional Assenbly" and "I11.11 Macro Processi ng".

I'V.3 Further Differences

To nmake senantics uni que, especially the precedence of unary operators in
expressions is slightly different. Furthernore, expressions with a bit
operation "." evaluate to a BT type result, not to NNMBER The segnent
type of synbols that are defined with EQU or SET eval uates al ways to NUMBER
Qherwise it mght be difficult in sone cases, to force the definition of
typel ess synbols. This is described in detail in chapters "Il1.4 Expressions"
and "I11.7 Segnent Type".

Except in DB instructions, the zero I ength string constant isillegal.
The $NOMIB1 control disabl es al so the predefi ned GE addr esses.

The speci al assenbl er synbols ARD...AR7 are predefined for bank O before
the first US NG statenent occurs.

N
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V. List File Format

The ASEM51 list file format has been designed to give the user as nuch
i nfornation about the generated code as possibl e.

Besi des the source code listed, there are five basic | ayout structures
inthe listing:

- the page header

- the file header

- the line headi ngs

- the error diagnosis

- the synbol table or cross-reference |isting

Nornal |y, every page of the listing starts with a page header as shown bel ow

ASEM 51 VL. 3 Qopyright (c) 2001 by WW Heinz PACE 1

It identifies the assenbl er, contains the copyright informati on and shows the
actual page nunmber at the right nargin. After the page header, source |ines
are output inthe list file format. Wen the maxi numnunber of |ines per page
i s reached, another page header is output after a formfeed character.

If your printer doesn't support formfeeds, the page header can be
suppressed wth the $NOPAQ NG control . The nunber of |ines per page can be
adjusted to the paper format with the $PACELENGIH control. The width of the
page header (and all other lines) can be set with the $PAGEWDTH control .

The file header appears only on the first page. It identifies the assenbl er,

lists all input and output files and marks the col umms for the |ine headi ngs.
Atypical file header is |ooking as shown bel ow

MCS-51 Famly Macro Assenbler ASEM- 51 V1.3

Source File: deno. a51
oject File: deno. hex
List File: deno. | st

Line | Addr GCode Sour ce

Drectly after the file header starts the listing of the source code |ines.
Every source code line is preceded by a |ine heading. The |ine headi ng
consists of four colums: |ine nunber, include file or nacro level, line
address, and generated code.

By default the line headings contain tab characters to save disk space.

If your printer or file browser doesn't support tabs, they can be expanded
to blanks with the $NOTABS control .

The colum "Line" contains the global |ine nunber. It is not necessarily
the local line nunber within the particular source file, but a global |ine
nunber that is counted over the main source, all include files, and all
nacro expansi on |i nes.

S nce include files and nacros can be nested arbitrarily, the global Iine
nunber is termnated by a ':' character for the main source and all include
file levels, and with a '+ character for nmacro expansion | evels.

The columm "1" flags the level of include file or macro nesting. In the nain
source, this colum is enpty. The first include file gets level 1. If this
include file includes another include file, this one gets level 2, and so on.
This is also valid for nested macro calls. If anacrois called in the nain
source, its expansion lines get level 1. If this macro calls another one, it
gets level 2, and so forth.

Include file and nacro | evel s can be nested in any sequence and to any dept h!
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The col urm "Addr" shows the start address of the listed line in the currently
active segnent (8051 address space). Al addresses are represented as hex
nunbers. The addresses in the GDE and XDATA segnents are four-digit nunbers.
Addresses in all other segnents are two-digit nunbers. For |ines that cannot
be assigned to a particul ar segnent, the "Addr" field is left blank.

The "Gode" columm nmay contain up to four bytes of generated code, which is
sufficient for all 8051 instructions. The code is listed in hex byte
quantities starting fromthe left margin of the "Code" col um.

However, the code generated for DB and DNinstructions nay be | onger than
four bytes. In these cases, the source code line is followed by additional
I'ine headings until the whol e code of the line is |isted.

The "Code" col unm does not al ways contai n code that consunes space in the
8051 OE segnent. In contrast to many other assenbl ers, ASEM51 lists the
evaluation results of all expressions that nay appear in pseudo instructions
or assenbl er controls. These val ues are listed in hex representation at the
right margin of the "Code" col um. The segnent type of those expressions is
flagged with one singl e character at the left nargin of the "Gode" col um:

e

DATA

| DATA

XDATA

BT

typel ess nunber
register

DZWX—OO

The "Source" column finally contains the original source code |ine.
A typical source code listing is |ooking as foll ows:

Line | Addr GCode Sour ce

1 ;A sanple List File Deno Program

2: e

3: $SNOMIDB1 ;no 8051 SFR
4 N 004F $PAGEWDTH (79) ; 79 col ums per |ine

5: $NOTABS ; expand t abs

6: N 90 P1 DATA 090H ;port 1 address

7. B 93 INPUT BIT PL.3 ;pul se input

8:

9: N 8000 (RG  08000H ;set location counter
10: 8000 80 20 SIMP START ;junp to start address
11:

12: 8002 01 07 B 1,7 ; define bytes
13: 8004 00 02 00 OC DV 2,12,9 ; defi ne words
8008 00 09
14: 800A 63 6F 66 66 DB 'coffeeright (c) 1999 ,0 ;string
800E 65 65 72 69
8012 67 68 74 20
8016 28 63 29 20
801A 31 39 39 39
801E 00
15: 801F N 0003 s 3 ; def i ne space
16:
17: 8022 75 30 00 START: MDYV QOUNT, #0 ;reset counter
18: 8025 30 93 FD LLEVEL: JNB | NPUT, LLEVEL ;wait for high
19: 8028 20 93 FD HEVE.: JB INPUT,HEWVE ;wait for |ow
20: 802B 05 30 I NC GOUNT ;count pul se
21: 802D 80 F6 JMP LLEVEL ;next pul se
22:
23: N 30 DSEG AT 030H ;internal RAM
24: 30 N 01 GONI: Ds1 ;counter variable
25:
26: END

If an error is detected in a source line, its positionis flagged wth a ”
character as good as possibl e, and a conprehensive error nessage i s inserted.
This is | ooking as shown bel ow
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17: 8022 75 30 00 START: MDYV QOUNT, #0 ;reset counter

18: 8025 30 93 FD LLEVEL: JNB I NPUT, LLEVEL ;wait for high

19: 8028 20 93 00 HEVE.: JB INPUT,HEBHE ;wit for |ow
N

@ooER synbol not defined @HOGR

20: 802B 05 30 I NC GOUNT ;count pul se
21: 802D 80 F6 JMP LLEVEL ;next pul se

The error diagnosis at the end of programlists the register banks used,
and the total nunber of errors detected throughout the assenbly:

regi ster banks used: 0, 1, 3

187 errors detected
A register bank counts as "used", if the programhad sw tched to that
bank with a ULBINGinstruction, or one of the special assenbl er synbol s
ARD ... ARY has been used, while the bank was active. The nessage

regi ster banks used: ---

neans, that no bank has been used explicitly, and that the program
code may, but need not, be register bank i ndependent.

After the source code listing and error diagnosis, the synbol table or
cross-reference listing starts. By default, a synbol table is generated.

The synbol table lists all the synbols of a programin al phabetical order
with their synbol nane, segnent type, hex value and first definition Iine.

Predefined synbol s are listed without a definition |ine nunber.
The synbol table listing can be suppressed with the $NCBYMBALS control .
Atypical synbol table listing is |ooking as shown bel ow

LI ST OF SYMBOLS

SYMBL TYPE VALUE LINE
AKKWM REQ STER A 38
QANT DATA 30 47
HEVE QE 802E 35
I NPUT BT 93 12
LLEVEL e 802B 34
MY_PROGRAM MIDULE 14
P1 DATA 90

QUANT NUMBER 0013 22
RECH VE MACRO 5
P DATA 81

STAXK | DATA 80 17
START QE 8022 31
VALTDC XDATA D785 50

If the $XREF control is specified, a cross-reference listing is generated

i nstead of a symbol table. The correspondi ng cross-reference listing for
the synbol tabl e above is | ooking as fol | ows:

CROSS- REFERENCE-LI STI NG
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43 44
HEVEL e 802E 35 35
I NPUT BT 93 12 34 35
LLEVEL e 802B 34 34 41
MY_PROERAM MIDULE 14
P1 DATA 90 12
QUANT NUMBER 0007 22 44
NUMBER 0013 37
RECH VE MACRO 5
sP DATA 81 31
STAKK | DATA 80 17 31
START Qe 8022 31 24
TRASH undef . ---- 42
VALTDC XDATA D785 50 33

It lists all the synbols of the programin al phabetical order, wth their
synbol nanme, all definitions including definition Iines, segnent types, and
nunerical val ues. Furthernore, all synbol references are listed as well.

The SYMBOL col unm contai ns the synbol nane, while the col ums TYPE VALUE

and DEFI NED may contain the segnent types, nunerical val ues, and definition
lines of one, nore, or no synbol defintions.

Regi ster synbol s have the synbol type "REQ STER', nodul e nanes have the synbol
type "MIDUWLE', nacro nanes have the synbol type "MACRO', and synbol s that have

been referenced but not defined, are flagged with "undef." in the TYPE col um.
Starting fromcol um REFERENCED up to the right nargin, there is a nunber of
col unms (dependi ng on the page width), containing all |ine nunbers of synbol

references (if any).

The cross-reference |isting does not distinguish, whether nmultiple definitions
of, or references to a particular synbol are legal or not. For this, refer to
the error nessages in the source |isting.
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V. Support of 8051 DCerivatives

Today a | arge nunber of 8051 derivatives is available that grows al nost
nonthly! They all use the same instruction set of the MCS-51 processor core,
but are different in peripheral conponents, to cover a w de range of
applications. The difference for the assenbly | anguage programmer is nainly
the varying set of special function registers and interrupt addresses.
It is always good practice to use the sane SFR nanes in a microcontrol | er
application programthat the nanufacturer of the derivative used has defi ned.
For this the processor definition files *.MJJ are provided. They all are
include files with the special function register definitions of a particul ar
8051 derivative. However, the predefined synbol s of ASEM51 nust be sw tched
off prior toincluding the SFR definitions of another derivative as shown
bel ow

$NOMOB1

$I NOLUCE (80C515. M)

This woul d switch off the predefined synbol s of the 8051 and incl ude the
regi ster definitions of the 80C515 or 80C535 respectively.

Hence it is easy for the user to adapt ASEM51 to a brandnew 8051 derivati ve!
Al what he has to dois to wite a corresponding include file wth the SFR
definitions derived fromthe nmanufacturer's data sheet.

The nane of every processor definition file is corresponding to the ROM
version of a particular derivative. O course it also applies to the BPROM
EEPROM flash, and ROMIess versions (if any) of that derivative.

By the way, the file 8051. MU provi ded contai ns exactly the predefined
synbol s of ASEM51, because its internal synbol table has been generated
fromit!

To switch ASBM51 to the reduced instruction set of the Philips 83C75x
famly of microcontrollers, the $PH LIPS control can be used.

Qurrently the fol l ow ng processor definition files are provided wth ASEM51:

Nane Manuf act ur er \er si ons
8051. MU Intel 8051, 8031, 8751BH
(and ot hers) 8051AH 8031AH 8751H 8051AHP, 8751H 8
80C51BH 80C31BH 87C51, 80C51BHP

A nel 89C51, 89LVs1, 87LV51, 80F51, 87F51
8052. MU Intel 8052AH 8032AH 8752BH
S BEMENS 80513, 8352-5
80C52. MU Intel 80C52, 80C32, 87C52,
80C54, 8754, 80C58, 87C58
83C51FX MU Intel 83C51FA 80C51FA, 87C51FA
83C51FB, 87C51FB, 83C51FC 87C51FC
83C51R MU Intel 83C51RA, 80C51RA, 87CH1RA
83C51RB, 87C51RB, 83C51RC 87C51RC
83C51KB. MU Intel 83C51KB
83C51@B. MU Intel 83C51@B, 80C51@B, 87C51EB
83C151. MU Intel 83C151SB, 87C151SB, 80Cl51SB
83C151SA 87C151S5A
83Cl152. MU Intel 80C152JA 83C152JA, 80Cl152JB
80C152JC, 83C152JC 80CL52JD
83CG452. MU Intel 83452, 80CAS2
8044. MU Intel 8044AH 8344AH 8744AH
83931HA MU Intel 83931HA 80931HA
83931AA MU Intel 83931AA 80931AA
80512. MU S BEMENS 80512, 80532
80515. MU S BEMENS 80515, 80535, 80515K, 83515-4
80C515. MU S BEMENS 80C515, 80C535, 83C515H
83C515A MU S BEMENS 83C515A-5, 80C515A
80C517. MU S BEMENS 80C517, 80C337
G501, MU S BEMENS 501-1R 301-L
G02. MU S BEMENS 502-2R 502-L
G503, MU S BEMENS (503-1R G303-L
G504, MU S BEMENS 504-2R 04-L
G509. MU S BEMENS G509- L
G511 MU S BEMENS (511, Co11A

513 MU S BEMENS 513, GB13A GB13A-H



G13A0 MU
G515 MU
G15A MU
G15C MU
G17A MU
40U MU
41U MU
83CG451. MU
83C528. MU

83C550. MU
83C552. MU
83C562. MU
83(52. MU

83C750. MU
83Cr51. MU
83Cr52. MU
83C754. MU
83C851. MU
83C852. MU
87LPCr762. MU
87LPC768. MU
80C521. MU
80C324. MU
83C154. MU
83C154S. MU
80C310. MU
80C320. MU
80C390. MU
87C520. MU
87C530. MU
87C550. MU
89C420. MU
DS5000. MU
DS5001. MU
MAX7651. MOU
Qave0051. MU
89C52. MU

87F51RC MU
89C1051. MU
89C2051. MU
89S8252. MU
8951 MU
89852. MU
89S63. MU
8934D12. MU
73M2910. MU
AN131. MU

Maxi m
SMC
At nel

At nel
At nel
At nel
At nel
At nel
At nel
At nel
At nel
K

Gypress
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G513A0

515-L, G515-1R

G515A L, B15A4R

(515G 8R

G17A L, GB17A-4R 83C517A-5, 80C517A
540U

41U

83451, 80CA51, 87451

83C528, 80C528, 87(528, 83(524, 87(C524
83528, 80CE>28, 89528
83C550, 80C550, 87C550

83C552, 80C552, 87(C552

83C562, 80C562

8352, 80652, 870652

83654, 87(654, 83(E654, 80CHG54
83C750, 87Cr50

83C751, 87Cr51

83C752, 87Cr52

83C754, 87Cr54

83C851, 80C851

83C852

87LPC762

87LPC768

80C521, 80C541, 87(C521, 87(C541, 80C321
80C324

83Cl154, 80Cl54, 85Cl54VS
83Cl154S, 80Cl154S, 85C154HVS
80C310

80C320, 87C320, 80C323, 87C323
80C390

87C520, 83C520

87C530, 83C530

87C550

89C420

5000FP, 5000, 5000T, 2250, 2250T
5001FP, 5002FP, 5002FPV 2251T, 2252T
MAX7651, MAX7652

Qave0051

89C52, 8955, 89LV52, 89LV55, 87LV52,
80F52, 87F52

87F51RC 87F55, 87L\V55

89C1051

892051, 89CA051, 89C1051U
8988252, 89L.S8252

8951

8962, 89L62

89553, 89L63

89HD12

73M2910, 73MR2910A

AN2121, AN2122, ANR125, ANR2126,
ANR131, ANP135, AN2136

Al S BEMENS derivatives are now manuf actured and sol d by I nfineon!
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Appendi x A

Assenbly errors apply to the consistency of the assenbly | anguage
programin syntax and senantics. If one of these errors i s detected,
it isflagged inthe list file, and programexecution conti nues.
Wien assenbly is finished, ASBMtermnates with exit code 1:

Error Message Meani ng

addr ess bel ow segnent base Attenpt to set the location counter
of the current segnent bel ow the
segnent base address.

address out of range The address of a junp or call
i nstruction cannot be reached wth
the sel ect ed addr essi ng node.

al ready a nacro paranet er In a macro definition, a local synbol
is equal to a previously defined
par anet er nane.

argunent exceeds end of |ine A nmacro argunent contai ns nore
openi ng than cl osi ng angl e brackets.

attenpt to divide by zero During eval uati on of an assenbly tine
expressi on, the assenbl er has to
divide by zero.

bi nary operator expected In this position of an expression,
only binary operators are all oned.

comma expect ed There should be a',' character in
the narked position.

commands after END stat enent The END statenent is foll owed by
further assenbl er statenents.

constant out of range A nunerical constant is greater
t han 65535.
duplicate | ocal synbol In a macro definition, a local synbol

is defined nultiple tines or equal to
a previously defined paraneter nane.

dupl i cat e paraneter nane The paraneter nanes of a macro are
not all different.

BEND F statenment expect ed There are pending | Fxx constructi ons,
which are not termnated with an
BEND F neta instruction.

ENDM st at enent  expect ed There are nacro definitions, which
are not termnated with an ENDM
i nstruction.

expression out of range The result of an expression is too

big or too snall for that purpose.

file nanme expected There should be a valid file nane
in this position.

forward reference to nacro A macro has been called, before it
has been defi ned.



forward reference to register

illegal character

illegal constant

illegal control statenent

illegal operand

illegal statenent syntax

invalid base address

invalid bit nunber

invalid instruction

nacro type operand

naxi mum i ne | ength exceeded

mi spl aced LACAL instruction

m spl aced nacro instruction

m spl aced nacro oper at or

nodul e nane al ready defi ned

nust be known on first pass

nust be preceded by $SAVE

nust be preceded by | Fxx

no BND statenent found

not allowed in BT segnent

only allowed in Bl T segnent

only allowed i n CDE segnent
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A register type synbol has been used,
before it has been EQU d or SET.

A statenent contains characters, which
are not allowed in MCS-51 assenbl y
| anguage.

There are syntax errors in a
nuneri c constant.

A statenent is starting with an
unknown keyword beginning with a $.

In this position of an expression,
a val i d operand had been expect ed.

A statenent contains a syntax el enent,
which is not allowed in this context.

A DATA address that is not bit-
addr essabl e has been used on the
left side of a'.' operator.

A nunber greater than 7 has been
used on the right side of a'.'
operator.

The instruction has previously been
disabled with the $PH LIPS control .

A nacro type synbol is used as an
operand in a nuneric expression.

During nacro expansi on, the repl acenent

of paraneters and/or |ocal synbol s
increases the resulting line length
to nore than 255 characters.

In a macro definition, a LOCAL in-
struction is preceded by body |ines.

A nacro instruction is used outside
of a macro definition, or otherw se
mspl aced in the program structure.

A nacro operator (<, > !, % & has
been used in a wong position.

There are nore than one NAME
statenents in the program

The result of an expressi on nust
fully evaluate on pass 1 of assenbly.

A $RESTCRE control occurs wi t hout
a precedi ng $SAVE control .

An BLSH Fxx, BLSE or END F neta
instruction occurs wthout a
preceding | Fxx neta instruction.

The programends w thout an END
st at enent .

Instruction is not allowed in a
Bl T segnent .

Instructionis only allowed in a
Bl T segnent .

Instructionis only allowed in a



operand expect ed

phase error

preceded by non-control |ines

regi ster type operand

segrment |imt exceeded

segnent type msnatch

string exceeds end of |ine

synbol al ready defined

synbol nane expect ed

synbol not defined

too many cl osi ng parent heses

too many openi ng parent heses

too many oper ands

unary operator expected

user-defined error

A2 Rintine Brors:
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QCCE segnent .

A instruction ends, before it is
syntactically conpl ete.

A synbol is evaluating to different
val ues on pass 1 and pass 2, or a
nacro has been defined different on
pass 1 and pass 2.

This is a serious, internal assenbl er
error, and shoul d be reported to the
aut hor i nmedi at el y!

A primary control occurs after
statenents that are no assenbl er
control s.

A register type synbol is used as an
operand in a nuneric expression.

The | ocation counter exceeds the
boundari es of the current segnent.

The segnent type of an operand does
not natch the type of the instruction.

A character string is not properly
termnated with a quote.

Attenpt to redefine a synbol, which
is already defined.

There shoul d be a valid synbol nane
inthis position.

A synbol is referenced, which has
never been defi ned.

An expression contains nore closing
than openi ng par ent heses.

An expressi on contai ns nore openi ng
than cl osi ng par ent heses.

An instruction contains nore operands
than expect ed.

In this position of an expression,
only unary operators are al | oned.

A user-defined error message has been
forced with the $ERRCR control .

Runtine errors are operational errors, or I/Oerrors.
If one of these errors is detected, it is flagged on the consol e,
and ASEMis aborting with exit code 2:

Error Message

access deni ed

anbi guous option nane
argunent m ssing
disk full

di sk write-protected
drive not ready
duplicate file name
fatal I/Oerror

file not found

No privilege for attenpted operation.

Not enough characters specifi ed.

otion requi res an argunent .

No more free di sk space.

Attenpt to wite to a wite-protected di sk.

D sk drive is off, or no nedi a nount ed.

Attenpt to overwite an input or output file.
General (unknown) disk or device I/Oerror.
Source or include file not found. (DCY Wndows)



illegal option syntax
invalid argunent

no input file

no such file or directory
not a directory

out of nenory

path not found

synbol is predefined
too nany open files
too many paraneters
unknown opt i on
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otion is not correctly specified.

otion has an illegal argunent.

There is no file nane in the conmand |i ne.
Source or include file not found. (Linux)

Path contai ns a non-directory nane. (Linux)
Heap overfl ow

O sk or directory not found. (DOY Wndows)

A /| DEFI NE option specifies a predefined synbol .
No more free file handl es.

Mre than three file nanes have been specifi ed.
ption is not inplenented.



Appendi x B
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Qonversion errors apply to the consistency of Intel-HEX file and
programoptions. |If one of these errors is detected, it is flagged
on the console, and HEXBINis aborting wth exit code 1:

Error Message

checksumerror
data after ECF record
file length out of range

fill-byte out of range
hex file format error
illegal hex digit

illegal record type
invalid record | ength
mul ti pl e ECF records

no data records found

no ECGF record found

of fset out of range
record exceeds FFFFH
record exceeds file length

B.2 Runtine Erors:

Meani ng

Checksumis not correct.

Type O records after type 1 record.
/LENGTH option nakes file too |arge.
/FHLL option defines byte val ue > 255.
Certainly no Intel-HEX file.

Character is no valid hex digit.
Record type is none of O or 1.

Record length doesn't natch the record.
More than one type 1 record.

File doesn't contain any type O records.

File ends without a type 1 record.

/ OFFSET option nakes file too |arge.
Address space wap around in record.
/LENGTH option nade file too short.

Runtine errors are operational errors, or I/Oerrors.
If one of these errors is detected, it is flagged on the consol e,
and HEXBIN is aborting with exit code 2:

Error Message

access deni ed

anbi guous option nane
argunent m ssi ng
disk full

di sk write-protected
drive not ready
duplicate file nanme
fatal 1/Oerror

file not found
illegal option syntax
invalid argunent

no input file

no such file or directory
not a directory

path not found

too many open files
too many paraneters
unknown option

Meani ng

No privilege for attenpted operation.

Not enough characters specified.

Qotion requi res an argunent .

No nore free di sk space.

Attenpt to wite to a wite-protected di sk.
Dsk drive is off, or no nedi a nount ed.
Attenpt to overwite an input or output file.
General (unknown) disk or device I/Oerror.
Intel-HEX file not found. (DOY Wndows)
otion is not correctly specified.

Qotion has an illegal argurent.

There is no file nane in the conmand | i ne.
Intel-HEX file not found. (Linux)

Path contai ns a non-directory nane. (Linux)
Osk or directory not found. (DOY Wndows)
No nore free file handl es.

Mre than two file names have been specifi ed.
Qotion is not inpl enent ed.



Appendi x C

PO 080H
P 081H
DPL 082H
bPH 083H
PQN 087H
TGN 088H
TMD 089H
TLO 08AH
TL1 08BH
TH 08CH
THL 08DH
I TO 088H
| EO 089H
I T1 08AH
| E1 08BH
TRO 08CH
TFO 08DH
TRL 08EH
TF1 08FH
R 098H
Tl 099H
RB8 09AH
TB3 09BH
REN 09CH
S 09DH
SM 09EH
SV 09FH
EXO 0A8H
ETO 0A9H
EX1 0AAH
ET1 0ABH
ES OACH
RESET 0000H
EXTI 0 0003H

T MERO 0ooBH

??ASEM 51  8051H

DATA Addr esses:

Bl T Addr esses:

QE Addresses:

P ai n Nunbers:
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P1 090H
SN 098H
SBUF 099H
P2 0AOH
I E 0A8H
P3 0BOH
IP 0B8H
PSW ODOH
ACC OEOH
B OFOH
EA OAFH
RD 0BOH
™D 0B1H
| NTO 0B2H
I NT1 0B3H
TO 0B4H
T1 0B5H
VR 0B6H
RD 0B7H
PX0 0B8H
PTO 0BOH
PX1 OBAH
PT1 0BBH
PS 0BCH
P ODOH
o/ oeH
RO ODBH
RS1 0DAH
FO ODBH
AC OD6H
Cy 0DrH
EXT 1 0013H
T MERL 001BH
SINT 0023H

??VERSI N 0130H



Appendi x D

AT
BIT

$AOND
SAONDANLY
$DA

$DATE

$0B
$DEBUG
$EJ
$SEJECT

$CE
SN
$EAENALY

B.SE
BSHF
B.SH FB
B.SH FOE

R3, R4, RS, R6, R7

I nstruction Menonics

DA JN\B
OEC JNC
ov INZ
[DI\V4 Jz
INC LCALL
JB LIMP
JBC MOV
JC MOVC
JWP MDVX

Pseudo | nstructions

DATA DeEG

B DW

BT BEND

DS} EQ
Qperators

Gr LON

H& LT

LE MD
Assenbl er Control s

$Q0 $SNODEBUG

$IC SNOCE

$I NOLUDE $SNOEN

$LI SNALI

$LI ST $NQALI ST

$SMACRO $NOVACRO

$MD $NOVD

$MIB61 $SNOMIB1

MR SNOVR

$NCBU LTIN  $NCPAQ NG

$NOOON\D SNCH

$NDB $NOSB

Met a | nstructions

B.SHFANDEF | F
B\D F
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| ocati on counter

accumul at or

A B register pair

direct register addresses
carry flag

data poi nter

pr ogr am count er

registers

ML R
NCP RRC
L SETB
PCP SIMP
PUSH SUBB
RET SWAP
RETI XCH
R XaD
RC XRL

| DATA SET

| SEG WS NG
NAMVE XDATA
G XSEG
NE SH
NOT SR
xR XR
SNCBYMBALS SRS
$NOTABS $SA
SNOR $SAVE
SNOGREF $B
$PACELENGTH $SYMBALS
$PAEWDIH $TI TLE
$PAQ NG $TT
$PH LI PS SWARN NG
$P R
$PL SXREF
$PW

$RESTCRE

| FDE- LOCAL
I FN MACRO
| FNB REPT

| FNDE-
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Appendi x E

This object file format is supported by nany cross assenbl ers, utilities,

and nost EPROM pr ogr anner s.

AnIntel-HEXfile is a 7-bit ASQI text file, that contains a sequence of

data records and an end record. Every record is aline of text that starts
with a colon and ends with CR and LF.

Data records contain up to 16 data bytes, a 16-bit |oad address, a record

type byte and an 8-bit checksum Al nunbers are represented by upper case
ASA | -hex characters.

DATA REQCRD
Byte 1 colon (:)
2 and 3 nunber of binary data bytes for this record
4 and 5 | oad address for this record, high byte
6 and 7 | oad address " " " | ow byte
8 and 9 record type: 00 (data record)
10to x data bytes, two characters each
X+l to x+2 checksum (two char act er s)
x+3 to x+4 (R and LF

A typical data record | ooks |ike
: 10BE0000002E003E4F588758910F58DF58BCR8E302A
The end record is the last Iine of the file.

Inprinciple it is structured |ike a data record, but the nunber of data
bytes is 00, the record type is 01 and the | oad-address field i s 0000.

BEND RECCRD

Byte 1 colon (:)
2 and 3 00 (nunber of data bytes)
4 and 5 00 (load address, high byte)
6 and 7 00 (load address, |ow byte)
8 and 9 record type: 01 (end record)
10 and 11 checksum (two char act er s)
12 and 13 (R and LF

The typical BEND record | ooks |ike
: 00000001FF
The checksumis the two's conpl enent of the 8-bit sum wthout carry, of

the byte count, the two | cad address bytes, the record type byte and all
data bytes.



- 68-

The ASQ | Character Set

Appendi x F

10 20 30 40 50 60 70

00

hex |

U

D.G.rstuvwxv,z{|}~ﬂ

CQOUT Ve DE...x _Eco
LOXNFD>ZTX>N e < |
OcmuoWLO I _»x 1320
OANMSITUOONDOD .. .-V Il A

. —~x + - .~

EZEIRLBLS
:

#
$
%

RELSHEER®

odNMmMSLWONOOLCN OO WLW



- 69-

Appendi x G

S EMENS:

Phi li ps:

DALLAS

Maxi m

MCS(R 51 Mcrocontrol ler Famly Wer's Manual
MCS- 51 Macro Assenbl er Wser's Quide

8-Bit Enbedded Control | ers 1990

8XC51RA R RC CHMCB Single-Chip 8-Bit Mcrocontro
8X(51RA R RC Har dware Description, February 1995
83(51KB H gh Perfornmance Keyboard M crocontrol | er
83C51KB Har dwar e Description

MCS 51 Mcrocontrol ler Fanmly UWser's Manual, Feb
8XC151SA and 8XC151SB Hardware Description, June
Enbbedded M crocontrol | ers, 1997

8x931AA 8x931HA USB Peripheral Controller Wser's

SAB 80512/ 80532 ser' s Nanual

SAB 80515/ 80535 Wkser' s Manual

SAB 80C515/ 80C535 Data Sheet

SAB 80C515A 83C515A 5 Addendum

SAB 80C515A 83C515A-5 Data Sheet

SAB 80C517/ 80C537 Wser' s Manual

SAB 80C517A 83C517A-5 Addendum

SAB 80C517A 83C517A-5 Data Sheet

S BEMENS Mcrocontrol I ers Data Catal og

SAB 80513/ 8352-5 Data Sheet

SAB- 501 Wser's Manual

SAB- 502 Wser's Manual

SAB- (503 Wser' s Manual

Application Notes and UWser Manual s, (D RIM
G504 8-Bit OMXB Mcrocontrol | er Wser's Manual
C509-L 8-Bit QM5 Mcrocontrol | er UWser's Manual
C515C 8-Bit QM5 Mcrocontrol l er Wser's Manual
(515 8-Bit OMXB Mcrocontrol | er Wser's Manual
C515A 8-Bit OMC5 Mcrocontrol l er Wser's Manual
C517A 8-Bit QM5 Mcrocontrol l er Wser's Manual
540U 541U 8-Bit QM5 Mcrocontrol | er Data Sheet
C513A0 8-bit QM5 Mcrocontrol | er User's Manual

PCB83C552 Wser' s Manual

PB33(552, PMBB0C552 Devel opnent Data

8051-Based 8-Bit Mcrocontrollers - Data Handbook
83C754/ 87C754 Prelimnary Specification, 1998 Apr
87LPC762 Data Sheet, 2001 Gct 26

87LPC768 Data Sheet, 2002 Mar 12

B ght-Bt 80C51 Enbedded Processors - Data Book 1

MBVBOCL54, MBVB3Cl154 Wser's Manual
Mcrocontrol | er Data Book, 5th Edition 1990

TSC 73M2910/ 2910A M crocontrol | er, 10/22/96 - rev

H gh- Speed Mcro Wser's Quide, V1.3 January 1994,
Secure Mcrocontrol ler Wser's Giide, 062001
[DS80C310 H gh- Speed M cro, 090198

DS80C320/ DSB0C323 H gh- Speed/ Low Power M cro, 070
DS80C390 Dual CAN H gh- Speed M croprocessor, 0907
D837C520/ D883C520 HPROM ROM H gh- Speed M cro, 110
Ds87C530/ D883CG530 EPROMROM M cro with Real - Ti ne
DS87C550 EPROM H gh- Speed Mcro with A'D and PW/
DS89C420 Utra H gh-Speed Mcrocontrol | er Wser's

MAX7651/ MAX7652 Programmer' s Ref erence Manual
MAX7651/ MAX7652 Data Sheet, 19-2119; Rev 0; 8/01

Q der Nunber

Il er 272659- 002
272668- 001
272800- 001
272801- 001
1994 272383- 002
1996 272832- 001
270646- 009
Manual  Sept. 97

B2- B3808- X- X- 7600
B2- B3976- X- X- 7600

B158- H5613- X- X- 7600
B158- H5605- X- X- 7600
B258- B6075- X- X- 7600
B158- H5612- X- X- 7600
B158- H5581- X- X- 7600
B158- H5569- X- X- 7600
B158- B6245- X- X- 7600
B158- H5723- GL- X- 7600
B158- H5722- GL- X- 7600
B158- H5650- GL- X- 7600
B193- H5900- X- X- 7400
B158- H5958- X- X- 7600
B158- H5973- X- X- 7600
B158- H5981- X- X- 7600

04. 98

08.97

01. 99

10. 97

05. 99

1994
23

990

011994

196

99

195

d ock, 112299
091698

Qui de, 020602
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AT89(51, 8-Bit Mcrocontroller with 4 Koytes H ash
AT89C52, 8-Bit Mcrocontroller with 8 Koytes H ash
AT89C55, 8 bit Mcrocontroller with 20K bytes H ash
AT89LV51, 8-Bit Mcrocontroller with 4 Kbytes Fl ash
AT89LV52, 8-Bit Mcrocontroller with 8 Kbytes F ash
AT89Cl1051, 8-Bit Mcrocontroller with 1 Kbyte H ash
AT89C2051, 8-Bit Mcrocontroller wth 2 Koytes H ash
AT89CA051, 8-Bit Mcrocontroller with 4K Bytes H ash
AT89C1051U 8-Bit Mcrocontroller with 1K Bytes H ash
AT89S8252, 8 Bit Mcrocontroller wth 8K bytes H ash
AT89LS8252, 8-Bit Mcrocontroller with 8K Bytes H ash
AT89H1, 8-bit Mcrocontroller with 4K Bytes |1 SP H ash
AT89S52, 8-bit Mcrocontroller with 8K Bytes | SP H ash

0265E
0313E

0303C

0366C

0368C
Prelininary
Prelimnary
Prelimnary
0850B- B- 12/ 97
2487A- 10/ 01
1919A- 07/ 01

AT8ILS52, 8-bit LV Mcrocontroller with 8K Bytes | SP Hash 2601A- 12/ 01

AT8953, 8-Bit Mcrocontroller with 12K Bytes H ash
AT89LSE3, 8-Bit Mcrocontroller with 12K Bytes H ash
AT8ILVS5, 8-Bit Mcrocontroller with 20K bytes H ash
AT80F51, 8-Bit Mcrocontroller with 4K Bytes Qui ckFl ash
AT87F51, 8-Bit Mcrocontroller wth 4K Bytes Qui ckH ash
AT80F52, 8-Bit Mcrocontroller wth 8K Bytes Qui ckH ash
AT87F52, 8-Bit Mcrocontroller with 8K Bytes Qui ckH ash
AT8934D12, 8-Bit Mcrocontroller with 132K Bytes F ash

Prelimnary
0851B- B-12/ 97
0811A A7/ 97
0979A A- 12/ 97
1012A- 02/ 98
0980A- A- 12/ 97
1011A- 02/ 98
0921A- A-12/ 97

AT87F51RC 8-Bit Mcrocontrol ler with 32K Bytes Qui ckH ash 1106B- 12/ 98
AT87F55, 8-Bit Mcrocontroller wth 20K Bytes Qui ckFl ash 1147A 05/ 99
AT87L\V51, 8-bit Mcrocontroller wth 4K Bytes Qui ckH ash 1602A- 04/ 00
AT87LV52, 8-Bit Mcrocontroller wth 8K Bytes Qui ckH ash 1437A-07/ 99
AT87LV55, 8-bit Mcrocontroller with 20K Bytes Qi ckH ash 1609A- 04/ 00

Gypress: The EZ-UB Integrated Arcuit, Technical Reference Manual Version 1.9

Gernan Literature:

Andreas Roth:

Das M KROOONTROLLER Kochbuch, 1997, i W

| SBN 3-88322-225-9
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ASEM51 is a trademark of WW Hei nz.

MCS-51 and ASWb1 are tradenarks of Intel Gorporation.

Tur bo-Pascal and Borl and-Pascal are trademarks of Borland International, |nc.
el phi is a tradenark of Borland International, Inc.

Turbo G+ and Borl and C+ are tradenarks of Borland International, |nc.
Turbo-Assenbl er is a tradenark of Borland International, |nc.

IBMPC IBMXT, IBMAT and (5 2 are tradenarks of |BM Qorporation.
M5-DC5 and Wndows are trademarks of Mcrosoft Corporation.

Novel| DCSis a trademark of Novell, |nc.

BRE-is a tradenark of SOC Partners |l L. P.

4DC5 is a registered trademark of JP Software Inc.

Linux is a tradenark of Linus Torval ds.

FreePascal is a trademark of Horian K aenpfl.

Al device codes of 8051 derivatives are trademarks of the nanufacturers.
Qher brand and product names are tradenarks of their respective hol ders.
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Abbrevi at i ons: direct = 8-bit DATA address in internal nenory
const8 = 8-bit constant in GDE nenory
const16 = 16-bit constant in QDE nenory
addr16 = 16-bit | ong GXDE address
addr1l = 11-bit absol ute GE address
rel = signed 8-bit rel ati ve QXE address
bi t = 8-bit BIT address in internal nenory

(ocode Menoni ¢ (per ands Byt es H ags Gycl es

00 NCP 1 1
01 AIMP addr 11 2 2
02 LIMP addr 16 3 2
03 R A 1 1
04 INC A 1 P 1
05 INC di rect 2 1
06 INC @ 1 1
07 INC @i 1 1
08 INC RO 1 1
09 I NC Rl 1 1
0A INC R2 1 1
0B INC R3 1 1
oc INC R4 1 1
0D INC 23} 1 1
OE INC R6 1 1
OF INC R7 1 1
10 JBC bit, rel 3 2
11 ACALL  addr 11 2 2
12 LCALL  addr 16 3 2
13 RRC A 1 (014 P 1
14 DEC A 1 P 1
15 DEC di rect 2 1
16 DEC @ 1 1
17 DEC @l 1 1
18 DEC RO 1 1
19 OEC RL 1 1
1A DEC R2 1 1
1B DEC R3 1 1
1C DEC R4 1 1
1D DEC 23} 1 1
1E DEC R6 1 1
1F DEC R7 1 1
20 JB bit, rel 3 2
21 AIMP addr 11 2 2
22 RET 1 2
23 R A 1 1
24 ADD A #const8 2 CY CO/ P 1
25 ADD A direct 2 CY ACO/ P 1
26 ADD A @0 1 CY CO/P 1
27 ADD A @ 1 CY CO/ P 1
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Qpcode  Mhenoni ¢ Qper ands Byt es H ags Gycl es
28 ACD A
29 ADD A
2A ADD A
2B ACD A
2C ADD A
2D ADD A
2E ACD A

2F ADD A

direct

>>>P>>>PE>> P>
13ALESRERY

QRRRQARQAQQARAQAR
BBEEBEBEBEEBEB
2eRQRRARQARERLQ

40 JC rel

addr 11
direct, A
direct, #const8
#const 8
direct

&
e
o

>>>>>P>>>>>>
18ARESRERY
TUUTUUTUUUTUDT

rel

direct, A
direct, #const8
#const 8
direct

PRRPRRPRPREPRPEPRERNNONNNRRRERRRRRRRRNNONNNRRRRPRRRRPRRPNNNRRPNWORRPRERERRE
PRRPRPRRPRPRRPRPREPRPEPRPNRNNRPRPRRPRPRPRPRPRPRPREPRPREPNRNNRRPRRPRRPRRREPRREPRPREPRNNNRRPRRERRERRE

FEEERREEPRE R0 AARRRARARARRARY

>>>>>P>>P>>>

13ALESRERY
TVTUVTUTTUTTUUTUTTUTTUTUTUTDO



Qpcode  Mhenoni ¢ Qper ands

rel

addr 11

direct, A
direct, #const8
#const 8
direct

>>>>>>>>>>>>
18ARESRERY

rel

addr 11

C bit

@+DPTR

A #const8
direct, #const8

#const 8
#const 8
#const 8
#const 8
#const 8
#const 8
#const 8
#const 8

J48ARAIAE

direct,

DPTR #const 16
addr 11

bit, C

A @<DPTR

A #const8

A direct

A @

A @

RPEREPNNENNONNNNNNNNNNNNNORENNNNNNNNNDNNNNNNONENNNRPRPRPRPRPRPRPERPERPERENNONNDDN

- 74-

H ags

TWTUVTUVTTVTTUUTUTTUTTUTTUTUTDT

Y O/ P
CY ACO/ P
CYr CO/ P
Y O/ P

Gycl es

PRRPRNNNONNMNRNONNRNNRONNNONNNNNNNNANNNNRRRRPRRRRPRRNRNNNNRRPRRRPRPRRPRREPRREPRERENRNN



Qpcode  Mhenoni ¢ Qper ands

ARBBRRCBRABRRBCB RS AR E B BB IR R RRBRBRAEBERBRIBHEREBES

JEARAIARE

G

di rect
direct
direct
di rect
direct
direct
di rect
di rect
/bit

addr 11

bi t
C
A
A

@0, #Hconst 8,
@11, #const 8,

- JPFARSIRE

>>>>>P>>>>>>>0
13ALESRERY

#const 8,

rel

direct, rel

#const 8,
#const 8,
#const 8,
#const 8,
#const 8,
#const 8,
#const 8,

=3
=
(0]
o
=

rel
rel

rel
rel
rel
rel
rel
rel
rel
rel

Bytes

PRNONNNRRPRRERERRE

PRPPPRPRPRPEPEPRPENEERPNNNNOOOOWWOWOWOWWOWWOERNNNNDNNNNDNDNDNDNDN
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H ags

QRQAQQQQAQQQQARQY R

Q

TVTUVTUTTUTTUTUTUTTUTTUTTDO

Gycl es

ANRPNNRRPRREPRRERRE

PRPPPRPPRPRPPPPRPRPRPEPERPENNNNNNDPNPDNNNNDNNNNNERERNNNNDNNDNNNDNDNNDNDDN
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Gycl es

H ags

Bytes

Qpcode  Mhenoni ¢ Qper ands

NANAdd A NN ANANANANANANANANANNN A AAAAAAAAAAANNNNA A A AA A AAAAAA

a oo o [aTya Ny a Wy a oy a Ny i n iy o M A H M e H 0 9 a

¢

NANNAAMdAAAN ANANANNNNN AN AdAdAATANAAAAAAA A A A AN A AANAAA A A A A AAA

< <

BBCTTCCTTTRURR BBemrpreepEI T T lc<ccax
AAmmmmmm%wmAAAAAAAAAAAAAAm@@Am@@mmmmmmmm
mm

22 825552222253532385355¢203833332333

di rect
dr 1

DNz
DNz
DNz
DNz
(DI\4
DNz

affafalafallafafafafafafatafialafafs Rl gl R Rl kel e bR oul vy il vl ol v s s ol ol e
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Appendi x J

8051 Instructions in |lexical Qder

Abbrevi at i ons: direct = 8-bit DATA address in internal nenory
const8 = 8-bit constant in GDE nenory
const16 = 16-bit constant in QDE nenory
addr16 = 16-bit | ong GXDE address
addr1l = 11-bit absol ute GE address
rel = signed 8-bit rel ati ve QXE address
bi t = 8-bit BIT address in internal nenory

register nunbers 0 or 1

| =

n = register nunbers O thru 7

a = 322*m

m = the 3 nost significant bits of an absol ute address

(ocode Menoni c  (per ands Byt es H ags Gycl es

11+a ACALL addrill 2 2
24 ADD A #const 8 2 CY ACO/P 1
26+ ACD A @R 1 CY CO/P 1
25 ADD A direct 2 CY ACO/ P 1
28+n ADD A R 1 CY ACO/P 1
34 ACDC A #const8 2 CY ACO/P 1
36+ ADDC A @ 1 Cr CO/P 1
35 ADDC A direct 2 Cr CO/P 1
38+n ACDC A R 1 CY ACO/P 1
Ol+a AIMP addr 11 2 2
54 ANL A #const 8 2 P 1
56+ ANL A @R 1 P 1
55 ANL A direct 2 P 1
58+n ANL A R 1 P 1
BO ANL C /bit 2 (0 2
82 ANL C bit 2 (0% 2
53 ANL direct, #const8 3 2
52 ANL direct, A 2 1
B6+i CINE @, #const8, rel 3 (04 2
B4 CINE A #const8, rel 3 (0% 2
B5 CINE A direct, rel 3 (0% 2
B8+n CINE Rn, #const8, rel 3 (04 2
E4 ar A 1 P 1
(024 ar bi t 2 1
C3 ar C 1 (0% 1
F4 P A 1 P 1
B2 L bi t 2 1
B3 P C 1 (0% 1
™ DA A 1 (0% P 1
16+ DEC (G2)] 1 1
14 DEC A 1 P 1
15 DeC di rect 2 1
18+n DEC R 1 1
84 ov AB 1 (04 oV P 4
(D) DINZ direct, rel 3 2



Qpcode  Mhenoni ¢ Qper ands

DB+n
06+

HpddddRd A FE0005555558555555858808588855

i

di rect

OPTR

R

bit, rel
bit, rel

rel

@+DPTR
bit, rel

rel

rel

rel

addr 16

addr 16

@, #const8
@, A

@, direct
A #const 8
A @

A direct

A R

bit, C

C bit
direct, #const8
direct, @
direct, A
direct, direct
direct, R
DPTR #const 16
Rn, #const 8
R, A

Rn, direct
A @+DPTR

2
>3

28,

H*

const 8

or>>> prrg
=29
T8

C bit

direct, #const8
direct, A
direct

di rect

> >

Bytes

PRPEPERPNNNONNEPENEPNRPRPRPRPRPRERPERPEPNENONONNONNENENNENOONNNORPNOWORENEREDN

-78-

H ags
cy
oY o/
CcY
Ccy
Ccy

TTVTTUVUTDT

TTTDO T T

T TVTTUTDT

Gycl es

PEPNNNNENNNRPRPRPRPRPRPBRARNNNPNNDNNNERPRPNNNENNERPNRPRPRPENERNNNNNNNNMNNNNNENRREDN



Bytes

-79-

H ags

Gycl es

|
#const 8
@
direct
R

@

direct

R

@

#const 8

@

direct

R

direct, #const8
direct, A

>>P>>>2>>>>2>P>> o0

NWRPRNRPNRPRPNRRPRNRNNRNRE R

QRRQ Q Q
8888
2QQeQ

W TUVTTVTTUVTTUTTTUTDO

PNRPRRRPRRPRRPRRPRRPRRRPRPREPRRERNRLRRRER



