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Introduction

What are the commands and setting8rsll that determine where code is placed in memory® Hoes
ZDSII handle the data initializations that are required in O® Hiees the Link Conduration feature
affect code and data placement and/limes this wrk with start-up codePhis TechnicalArticle answers
these questions in the discussion that edlo

) Note: For defnitions and descriptions of the terms used inTeishnicalArticle, please see the
ZiLOG Developer Studio 11-eZ80 User Manual (UM0144).

Discussion

The folloving ZDSII GUI controls are used to determinevhand where code and data are placed and
used on a tget system. Each control is highlightedtadic typeface All controls start from thér oj ect
Settings command in th@roject menu.TheProject Settings dialog box contains 5 tabs, as &mo
1. TheTarget tab in theProject Settings dialog—please sekigure 1
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Figure 1. The Project Settings Dialog Box—Target Tab
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2. TheLinker tab in theProject Settings dialog
b. General Category—please sekigure 2
i. Link Configuration

Project Settings
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Figure 2. The Project Settings Dialog Box—Linker Tab, General
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c. Input Category—please seEigure 3
i. Sartup Module
ii. Link Control File
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Figure 3. The Project Settings Dialog Box—Linker Tab, Input
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d. Output Category—please seEigure 4
i. Executable Format
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Figure 4. The Project Settings Dialog Box—Linker Tab, Output
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3. The Delugger tab in the Project Settings dialog
a. Initializations—please seEigure 5

Initializations g|
PC/STACK Registers Fiakd
Pragram Caunter [hex): 0000 V' Start in ADL mode

SPL Stack Painter [hew): |FFFF

SPS Stack Pointer fhew): |FFF

ROM/Rak Chip Select Reagisters

Chip Select Reqgisters: | C50 -

Lower Bound [hex]: o
Upper Bound [hex]: uF

g

Control Register (hex): |2 ITI c |
ance

Figure 5. The Initializations Dialog Box

The following files are dected by the settings in theve@ controls abee:

Map File. This file is output from adild when theGenerate Map File box is checkd in theGeneral
Category of theLinker tab of theProject Settings dialog box.The fie contains the samddhame as the
project name, with the addition ofraap extension A text editor can be used to display this type Ief. fi

Link Control File. This file is created when ther oject Settings dialog box is closed andreate New is
selectedThe fle contains the samédhame as the project name, with the addition.bfkeextension. (On
some operating systems, thek extension is not shen.) If Custom is selected, cst is appended to the
filenameA text editor can be used to display this type & fi

The following section describes Wwoeach of the ab@ seen controls determines where code and data are
placed and their &fcts as shan in the Map and Link Controlléis.

} Note: Please note that the term®R and RAM found in the GUI displays, the Male§, the Link
Control fies, and th&DSII documentation are used infdifent contgts. The adjectre
modifiersMemory Label or labeled andLinker Designation or designated are therefore
included to leep the contds separate.

Memory Control

The settings in the Memory Control group inform the din&f the plysical address locations of the mem
ory spaces labeledd and RAM as well as the 1/0O spaces labeled ExtlO and IntlO. Normadisnory
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labeled ROM is specified with pltysical ROM memory locations and memory labeled RAM is spedifi

with RAM memory locations, Uit not necessarilyfhe memory space labele®R! is normally the mem

ory space in which code igsecuted and initializedariables are storedhis memory can prsically be

RAM or ROM memory The memory space labeled RAM is normally the memory space where noninitial
ized data (bffer space) is located and initialized data is copie@ha memory must ptsically be RAM
memory

) Note: The speciftation of the pysical address range for noncontiguous blocks is determined by
separating the ranges with commas.

Link Configuration Control

The Link Confguration Control feature &DSII aids in the generation of the correct &nklirectves in

the Link Control fie for the selected cogfiration.There are four corgurations preided byZDSII. By

default, the linker places the CODE andADA COPY sg@ments in memory designated &M and the

BSS and IATA segments in memory designated as RAM. Each is based on the assumption that a startup
module will copy the data sgments—and in some cases the codensmt—from the memory designated
ROM to the memory designated RAK standard Startup Module is pided withZDSII (see th&Startup
Module Controlsectionon pages). It is designed to wrk with all of the link confjurations, although a

user startup module can be used instead.

All RAM

TheAll RAM configuration assumes that the memory label®d/Rs specifed with ptysical RAM mem

ory locations and that the liekwill consecutiely locate the memory designated as RAM a@d/Ro this
memory labeled BM. It also assumes that the Startup Module will create a BSS section aedhao
DATA_COPY section to the BTA sectionAs in all confgurations, the program code accesses data in the
DATA section, which is alays in memory designated as RARlease seEigure 6

Memory Linker
Label Designation
BSS
RAM
DATA
ROM {
DATA COPY
ROM
CODE

Figure 6. All RAM Configuration

Standard

The Standard comjuration assumes that the memory label®d/Rs specifed with plysical FOM mem
ory locations and that the memory labeled RAM is spetifiith ptysical RAM memory locations. In this
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case, the lingr locates the memory designategdNRto the memory labeled®M. Likewise, the linler

locates the memory designated RAM to the memory labeled RAld.confguration also assumes that

the Startup Module will create the BSS section in the memory space labeled RAM and transfer the data
from DATA_COPY in the memory space labele@R to the DATA section in the memory space also
labeled RAM.Please seEigure 7

Memory Linker
Label Designation
BSS
RAM RAM
DATA
DATA COPY
ROM ROM
CODE

Figure 7. Standard Configuration

Copy to RAM

The Copy to RAM confguration uses the same assumptions as the Standamglcatidin with the adéi
tional assumption that the Startup Module will alsoycopde from the memory designate@R to the
memory designated RAMhe code copied is from the CODE_COPY section startinglaiw_r ontode
to the memory designated RAM starting at ow_code. The length of this code is deéd in the Link
Control fie byl en_code. In this confjjuration,__copy_code_t o_r amis also defied in the Link Con
trol file for the Startup Module to determine if this transfer shoulel pddce Please seEigure 8

} Note: In ZDSIlI versions 4.4.0 or neer, the Standard start-updimust be selected.

Memory Linker
Label [ __low_code 1 Designation
RAM { BSS } RAM

i DATA )
DATA COPY
ROM{ | _ low romcode | } ROM
| coe |

Figure 8. Copy To RAM Configuration
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The Custom condjuration assumes that the user will supply the Link @ondition File and the Startup
Module.This confguration, havever, creates a Link Controllé that is the same as the one generated for
the Standard comfuration.This confguration ofers the user something to start with and to modify as
required.This Link Control fie includes defiitions for a startup module if the Standard Startup File is
selected in the Input Cagery within the Linler Tab of the Projects Settings dialog bBkease seEigure

9.

Memory Linker
Label Designation
BSS
RAM RAM
DATA
DATA COPY
ROM ROM
CODE

Figure 9. Custom Configuration

Startup Module Control

The Startup Module Control feature2DSII tells the linler if the Standard startup module should be
included or that the user has pided one in the project. If the Standard Startup Module is selected, the
linker includes the Standard Startup Modslertup, in the lild. The Startup Module is tak from the
ZDSII rt1 subdirectoryThe source code for this module is contained in thafiar t up. asmfound in
thesour ce subdirectory to thet | directory Because only the object module is used in the project, the
source code is not found in the projels fist. The start-up objecit art up. obj does, hwever, shav up

in the Link Control flie.

If a startup module is us@rovided, then the user must include the startup module in the projethist.
startup module must ensure that the code and data asslrwothe correct locations as required, depend
ing on the selected cogfiration.

Because the startup module, be it standard oy iss&e fist code gecuted after reset, it should be thistfi
module in the sequence of objects placed in the CODBeset (as shen in the Link Control fe). It con
tains the code that initializes theyigters in thez8® device, initializes the BSS section in RAM, and
copies the BTA_COPY sgment in ROM to the DATA segment in RAM.The Standard Startup Module
also checks if copy_code_t o_ramis defned as 0 or 1 in the Link Controli If it is defned as 1, then
the Standard Startup Module also copies the COQEent to RAM using the | ow r ontode,

__low code, and__| en_code defnes in the Link Control If.
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Link Control File Control

The Link Control File Control is pxaded byZDSII to select the Link Control File used in thald. There
are three selections: CreateviN€ustom, and Use Existinghe Create N& selection is normally used in
the bginning phase of a project where settings are being chanigese changes are then captured in a
new Link Control fie to be used in subsequentlts. With Create Ne selected, thAdd Directives utton

is actvated to allev the user to add additional Liekcommands.

A custom Link Control File Control based on the current link contim(@reate N& or Use Existing) is
created with cst added to the lBname.This addition preides an easy ay switch between twlink con
trol files according to user requiremenhen Custom is selected, the Edit Custartidn is actrated to
allow the user to edit the custom link contrde fi

If it is determined that a link controldifrom another source should be used (e.g, from another project),
the Use Existing selection is usddhe Bravse hutton is actrated to neigate to the xisting link control

file. This control can also be used to select link contled that hee been renamed for saésping or for
saving other confyurations.This feature can be used to select the link contmfdi the ild.

Link Control File

The Link Control fie is created from the settings4DSII. It contains all the linkr commands for the

build. These linlker commands include the liekoptions, the spedifation of the output format, the map

ping of linker designated ®M and RAM memory to pysical ROM and RAM locations; and the dedés

that can be used in the codeseution.The linker commands are created based on thegumatiion

selected and the project settingZDSII. It also contains comments indicating the parameters used for the
compiler and assembler

The linker groups compiled/assembled objects into the standantesges CODE, BTA, TEXT, STR

SECT, BSS, and BTA_COPY and to the usalefined sgments. Data, based on the type of data, is placed
into one of the data gments [ATA, TEXT, STRSECTor BSS. Ercutable code is placed in the CODE
seggment.

These sgments are mapped to either memory designate®ds & RAM. The desighated ®M and
RAM memories are mapped to theypltal memory locations labeledR1 and RAM.

The data sgments are usually mapped to memory designated as RAM and the C@Bénsé usually
mapped to memory designated @&NR

The mapping from designated memory to the memories lab&étidt RAM is made by deiult or by
linker commands. By datilt. ROM-designated memory is mapped to memory labeled>dd,Rnd
RAM-designated memory is mapped to memory labeled as RABIlinker CHANGE command changes
the mapping.

The important linkr commands in the Link Cogfiration File for each comwfiration are listed belo

Standard
The Link Confguration fie for all confgurations contain the RANGE liekcommand, as stivo belaw.

RANGE ROM $0 : $OFFFFF
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RANGE RAM $C00000 : $C7FFFF

The RANGE commands specify the address space for thetdekignated RM and RAM address
spaces. It is tan from the pysical address space spesifin theZDSII Project Settings dialog box. In
the Standard corgfuration, because@®M is mapped to &M and RAM is mapped to RAM, thedM and
RAM physical address space spaadifin the Project Settings is mapped respelstito the ROM and
RAM linker-designated memory address space.

Another important linkr command is CORYs shan belaw.

COPY DATA ROM

The COPY command is included in this LarkConfguration File to écilitate the storage of datagseents
in ROM so that thg can be copied to the RAM liskdesignated memory akecution timeThe linker
also ensures that the code contains addresses that acceA$Ahgebtion in RAM instead of the
DATA_COPY section in RM. The start-up code uses the kmlsymbols to copthe DATA seggment from
ROM to RAM.

All RAM

In theAll RAM configuration, the RANGE command is usedeatiéntly than in the Standard canfra
tion, and it also contains the GRIP Linker command.

RANGE MEMORY $0 : $C7FFFF
GROUP MEMORY = ROM RAM

The GROUP linker command is used to combine the ladniesignated RM and RAM memories into
one.The RANGE linler command is praded to specify the range of the memory group.

With ROM and RAM designated as MEMQRmemory group), the lirde designated @M is mapped
starting with the fist (lovest) address space of MEM®Rand the linkr designated RAM is mapped to
the frst address space in MEM®Rollowing the FOM mapping (see thiglap Filesectionon pagell for
theAll RAM configuration) When this confiuration is selected, it is important that the speation of the
address space for bothysical ROM and RAM memory in the Memory Control is actual RAM memory
This action can be performed with the proper selection of Chip Selects.

Just as in the Standard capufiation, a COPY command is included to makcop of the DATA seggment
and to locate it in RM.

COPY DATA ROM

This inclusion vould not be necessary if a separate startiephat did not copthe DATA from ROM to
RAM is used instead of the standard startlep fi
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Copy to RAM

The RANGE linler commands in the Cgpo RAM confguration are the same as in the Standard genfi
ration, which means that the Liekdesignated RM is ROM physical memory and the Limkdesignated
RAM is RAM physical memory

RANGE ROM $0 : $OFFFFF
RANGE RAM $C00000 : $C7FFFF

In the Cojy to RAM confguration, not only are BTA segments accessed fromysical RAM, tut also
the CODE sgmentsThe Linker command that mak this change is the CHANGE command, which is
shavn belaw.

CHANGE CODE is RAM

As in the Standard cogfiration, a cop of the DATA seggments must be madeailable for coy from
ROM to RAM. Hawever, in the Copy to RAM confguration, a cop of the CODE sgments must also be
made ®ailable for coy from ROM to RAM. Therefore, the COPY command is used for both théAD
and CODE sgments, as follas:

COPY DATA ROM
COPY CODE ROM

The Copy to RAM confguration also includesdefine that is set to 1.
define _ copy _code to ram=1

This defie tag is used by the standard start-up code to determine if it myshedpODE sgment from
ROM to RAM. The coyy is performed when_copy_code_t o_r amis setto 1. Only in this comfiiration
is thisdefine set to 1.

Custom

It is assumed that the user will prde the Link Control fe for the Custom corguration. Hevever, a
default Link Control fie is provided as a starting point that the user can modifg important linkr com
mands found in this dafilt control fie follow the Standard cormfuration.

Map File

A map fie is generated in aubd if the Generate Map File checkbox is chetln the General Caery
inset within the Linker Tab of the Project Settings dialog box. It contawergthing in the Link Control
file and describes where code and data are loca®d.dhd RAM in the mapl& are the same as the
Linker-designated RM and RAM described in theink Configuration Controkectionon pages.

} Note: The addresses generated in the nmlamafie a result of the Link Cogfiration and the
addresses spe@ti in the Memory inset within thiarget tab of the Project Settings dialog
box.
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Important results from the mapefs for each cordjuration are shen as follavs. Please refer to the entries
used in the Memory settings for th©R and RAM plysical memory addresses.

Standard

The map fie for the Standard cogfiration shwss that the Linkr-designated memories® and RAM
are mapped to the@®M and RAM plysical memory spaces, respeety, as shan in the follaving map
file:

Space Base Top Si ze
RAM D: C00000 D: C00085 86h
ROM C:. 000000 C: 000985 986h

Looking at one of the modules from the mdp $havs hav each of the gagments are mapped into the
Linker-designated memory address space. BSS &Td\ re mapped into the RAM ghical memory
space and CODE is mapped into tl@NRphysical memory space, as stoin the follaving map fie:

Segnent: BSS D: C00016 D: C00079 64h
Segnent : CODE C. 0001B5 C. 000204 50h
Segnent : DATA D: C00000 D: C00015 16h

All RAM

The map fe for theAll RAM configuration shass that the Linkr-designated memory®M is first
mapped to the group Memompen follaved by the mapping of the Liek designated RAM. In this case,
the memory spec#id for ROM in theZDSIlI memory control should be psical RAM memory space, as
shown in the follaving map fie:

G oup: Menory Base Top Size
Space: ROM 000000 000985 986h
Space: RAM 000986 000AOB 86h

The mapping of the genents can be visualized by one of the modules in the teapdishan in the fol
lowing map fie:

Segnent: BSS D: 00099C D: 0009FF 64h
Segnent : CODE C. 0001B5 C. 000204 50h
Segnent: DATA D: 000986 D: 00099B 16h

) Note: Inthe aboe case, all ggnents are mapped toAdanemory
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Copy to RAM

The map fie for the Cog to RAM confguration shars the same mapping of the Laddesignated M
and RAM to plysical memory as in the Standard cguafation. See the mapdibelav.

Space Base Top Si ze
RAM D: C00000 D: C00844 845h
ROM C: 000000 C: 000985 986h

However, the abwe map fie also shws that a cop of the CODE and BTA sggments are madevailable
in Linker-designated BM, as shan in the follaving map fie.

ROM Type Base Top Size
. STARTUP normal data C. 000000 C. 00010F 110h
CODE * segnent copy * C. 0001C7 C. 000985 7BFh
DATA * segment copy * C. 0001B1 C. 0001Ce6 16h

Finally, for a gven module, both the ATA and the CODE ggments accessed duringeeution are from
physical RAM, as shan in the follaving map fie.

Segment : BSS D: C00016 D: C00079 64h
Segnent : CODE D: CO0O08A D: C000D9 50h
Segnent : DATA C: C00000 D: C00015 16h

Custom

Because the Link Controldi for the Custom corguration is useprovided, the map I is generated
based on the userLinker commandsThe deéult Link Control fie created by this comfiiration is the
same as the Link Controldifor the Standard coxfiiration.The user can then modify the Lidlontrol

file starting with this confiuration. Therefore, the maplé for the Custom corguration is also the same as
the Standard mapldi, until modifcations to the Link Controll& are made by the user

Executable Format Control

The BExecutable BrmatControl dlows the user to specify the format of the énloutput.Two main types
of output fles can be generated: loal@githat possess théod extension, or hefiles that possess the

. hex extension.The choice of output type is skio in the Link Control fe by the fiename gtension for
the load fie. The load fies are used by tHEDSII delugger to darnload the code via théPAK Il Delug
InterfaceTool. The he files can be used by other applications outsideD$lIl, such as the Flash Loader
utility that programs the Flash memory via the serial port. Becausextigehsontains an address in each

13

data record in memaoryhe Flash Loader uses this information to determine where to place the code and

data.With the never versions oZDSII, hex files can also be @mloaded usin@PAK 11
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Initialization Parameters Control

The Initialization Rrameter€ontrol s used only by the dabgger and has no impact on thelth. When
the taget is povered on, all of theZ8( registers are set to their defit \alues This Control preides the
delugger with the information necessary to initialize importagisters, such as the Chip Select and PC
Counter rgisters, to glues according to the tpat confguration and the placement of code. If the lokd fi
contains a startup module, the settings in the InitializatéoarReters Control should agree with the set
tings defned by the startup modul€his relationship is also true when tHBSII Integrated Flash Loader
is usedThis Flash Loader utility can be found iargion 4.4.2 or later &DSII for ez8® devices.When
an ternal Flash Loader is used, theclfide must contain a startup module to initialize thgasters As a
result, the settings in the Initializatioaf@meters Control are not used.
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