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EasyFLASHT'VI PSD8XX devices are members of a family of
Flash memory-based peripherals for use with embedded mi-
crocontrollers (MCUs). These programmable system devices
(PSDs) consist of memory, logic, and I/O. When coupled with
a low-cost 80C32 MCU, the PSD forms a complete embedded
Flash memory system that is 100% In-System Programmable
(ISP) and In-Application Programmable (IAP). There are many
features in the PSD silicon and in the PSDsoft Express devel-
opment software that make ISP easy, regardless of how much
experience you have with embedded design.

This document offers two designs using a PSD813F1 and an
Intel 80C32 MCU. Note that a variety of 8-bit MCU/MPUs can
be used in place of the Intel part. Although the specifics of this
document are based on the 80C32, this document can be used
as a guide for other MCU/MPU applications. The first design is
a simple system to get up and running quickly for basic appli-
cations or to check out your prototype 80C32 hardware. The
second design illustrates the use of enhanced features of PSD
In-System Programming as applied to the 80C32. You can start
with the first design and migrate to the second as your function-
al requirements grow. There are other members of the
PSD8XX family, including the PSD813F1/F3/F4/F5, the
PSD833F2/834F2, and the PSD835G2. See the selector guide
on the website for a comparison of the products. This applica-
tion note is applicable to all PSD8XX family members.

IN-SYSTEM PROGRAMMING AND IN-APPLICATION RE-
PROGRAMMING

Our industry uses the term In-System Programming (ISP) in a
general sense. ISP is applicable to programmable logic, as well
as programmable Non-Volatile Memory (NVM). However, an
additional term will be used in this document: In-Application
Programming (IAP). There are subtle yet significant differences
between ISP and IAP when microcontrollers are involved. ISP
of memory means that the MCU is off-line and not involved
while memory is being programmed. For IAP, the MCU partici-
pates in programming the memory, which is important for sys-
tems that must be online while updating firmware. Often, ISP is
well suited for manufacturing, while IAP is appropriate for field
updates. PSD8XX devices are capable of both ISP and IAP.
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Keep in mind that IAP can only program the memory sections of the PSD and not the configuration and
programmable logic portions. With ISP, the entire PSD can be erased or programmed.

The IAP Problem

Typically, a host computer downloads firmware into an embedded Flash memory system through a com-
munication channel that is controlled by the MCU. This channel is usually a UART, but any communication
channel that the 80C32 supports will do. The 80C32 must execute the code that controls the IAP process
from an independent memory array that is not being erased or programmed. Otherwise, boot code and
Flash memory programming algorithms (IAP loader code) will be unavailable to the 80C32. It is absolutely
necessary to use an alternate memory array (an independent memory that is not being programmed) to
store the IAP loader code.

A system designer must choose the type of alternate memory to store IAP loader code (ROM, SRAM,
FLASH, or EEPROM); each type has advantages and disadvantages. This alternate memory may reside
external to the MCU or on-chip. A top-level view of an embedded IAP flash system with external memory
is shown in Figure 1.

Figure 1. Embedded Flash System Capable of IAP (5 devices)
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Al03339B

Another problem, which is specific to the 80C32 architecture, is related to the separate “Program” and “Da-
ta” address spaces. The 80C32 cannot write to Program space, but that is where the Flash memory re-
sides that holds 80C32 firmware. How can one program Flash memory in-system if the 80C32 cannot write
to program space?

A Common Solution

Without a PSD device, implementing IAP with the 80C32 can be difficult and time consuming. Philips’ ap-
plication note AN440 contains a RAM loader program (bootstrap loader). It shows how to load code into
an external RAM over a serial link after power-up and how to switch execution to that RAM to complete
the boot sequence. This can be a cumbersome and error prone exercise using re-locatable code in volatile
memory, which is difficult to debug, vulnerable to power outages, and not supported by all emulators. Ad-
ditionally, this method restricts the designer to using a UART to implement IAP.

To overcome the issue of Program versus Data space, a common practice is to combine the two address
spaces, which reduces the total address space of the 80C32 by 50%.

A Better, Integrated Solution

Figure 2 shows a two-chip solution using an EasyFLASH PSD813F. This system has ample main Flash
memory, a second alternate Flash memory to hold the IAP loader code and general data, and more
SRAM. All three of these memories can operate independently and concurrently; meaning the MCU can
operate from one memory while erasing/writing the other. This allows the MCU to continue normal oper-
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ation during IAP, which is crucial for some applications. This system also has programmable logic, ex-
panded I/O, and design security. The two chip solution is 100% programmable in the factory or in the field.

Figure 2. Embedded Flash System Capable of ISP (2 devices)
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Note: 1. Other members of the PSD8XX family offer more Flash memory and more SRAM.
2. Only the PSD813F1 offers EEPROM, while the other members of the PSD8XX family offer secondary Flash memory.

By design, the IAP method described above requires MCU patrticipation to exercise a communication
channel to implement a download to the main Flash memory. The PSD8XX also offers an alternative
method called In-System Programming (ISP) to program the PSD using a built-in IEEE 1149.1 JTAG in-
terface requiring no MCU patrticipation. This means that a completely blank PSD can be soldered into
place and the entire chip can be programmed in-system in just a few seconds using ST's FlashLINK™
JTAG cable and PSDsoft Express development software. No 80C32 firmware needs to be written. Just
plug in the FlashLINK cable to your PC’s parallel port and begin programming memory, logic, and config-
uration. This is a powerful feature of the PSD8XX that allows immediate development of application code
in your lab, smart manufacturing techniques, and easy field updates.

The FlashLINK™ cable and PSDsoft Express software are available in a kit from the website www.st.com/
psd.

J
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Figure 3. Top Level Block Diagram of PSD813F
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PHYSICAL CONNECTIONS

Connect your 80C32 to the PSD8XX as shown in Figure 4 (next page). The same connections can be
used for all of the members of the PSD8XX family except the PSD835G2, which has more 1/0. The JTAG
programming channel, SRAM with battery backup, LCD module, and MCU I/O connections are all option-
al.

This example design is similar to ST's DK900 Development kit, available for purchase on the web:
www.st.com/psd. There are 13 unused PSD I/O pins in this example. Unused pins should be pulled to Vcc
with a 100K resistor or tied to GND. See Application Note AN1153 for more information on the JTAG port.

J

4/25




AN1178 - APPLICATION NOTE

Figure 4. Physical Connections, 80C32 and PSD813F
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SIMPLE DESIGN EXAMPLE

The first design example outlines the steps required to get a 80C32 system up and running quickly. A con-
nection diagram, memory map, and the necessary design file for the PSDsoft Express software develop-
ment environTment are provided. A PSD813F2 was used for this example. However, other members of the
EasyFLASH family may be used instead, with minor changes to the sample design file. See the selector
guide on the website for a comparison of the products.

Memory Map
For this simple design, we used a PSD813F2 with the following memories:
128 Kbyte main Flash memory, broken into eight 16 Kbyte segments denoted fs;j (j = 1-g)

32 Kbyte secondary Flash memory, broken into four 8 Kbyte segments denoted csboot; (j = 1-4). (The
PSD813F1 has a boot EEPROM instead of Flash memory. Therefore, ees j = 1-4) would be used in place
of csboot .)

2 Kbyte SRAM (rs0)
256 byte PSD813F configuration register (csiop).

Note: the PSD memory segments are defined in the “Chip Select Equations” screen in PSDsoft Express.
We’'ll use the boot memory to hold the ISP boot loader code, 80C32 interrupt vectors, and common firm-
ware functions. For this example, we’ll execute from secondary Flash memory only and leave the main
Flash memory in Data Space. Let's examine the sample memory map in Figure 5, below:

J
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Figure 5. Memory Map, Simple 80C32/PSD813F design
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Keep the following in mind about the sample memory map shown in Figure 5:
Yellow (shaded) indicates memory that is common to all pages.
It is broken up into two 64 Kbyte spaces: Program and Data Space.

The 32 Kbytes of the PSD813F boot memory is mapped to Program Space. (There are several references
to “boot” memory in this document, but the “boot” memory is simply a secondary memory that can be used
as boot memory or can serve any other purpose.)

The main Flash memory is mapped to Data Space so that the contents can be programmed.
All of main Flash memory is paged because of the limited address range of the 80C32.
The PSD Control Register and SRAM are located at the bottom of Data Space.

Note that placing the main Flash memory and secondary memory into Program Space or Data Space is
accomplished with the PSD VM Register. PSDsoft Express is used to define the initial value of the VM
Register when the system powers up or is reset. This initial value is stored in the fusemap that gets pro-
grammed into the PSD. At runtime, the VM register can be changed by writing to it with the MCU. This is
illustrated in the enhanced design of Section 4.

The boot memory holds the following vectors and code:
80C32 reset vector and initialization routines

80C32 interrupt vectors and service routines

I/0O management

Since Figure 5 is a sample memory map, you may wish to change it. To do so, simply change the chip
select equations within the Design Assistant in PSDsoft Express. For example, if you have a PSD813F
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part that doesn’t contain the optional secondary memory, you will want to have the main Flash memory
located in Program Space. See Appendix A for a sample memory map for parts with no secondary boot
memory.

PSDsoft Express Design Entry

Highlights of design entry will be given here. Please refer to the PSDsoft Express User Manual for a thor-
ough coverage of all the features of PSDsoft Express. This section is meant to show you just the essentials
to get you going. Here are the steps:

Invoke PSDsoft Express and Open a New Project. Start PSDsoft Express.
Create a new project.

Select your project folder and name the project (in this example, name the project “Easy8051” in the folder
PSDsoft\imy_project).

MCU and PSD Selection. When you click OK in the “New Project” window, the “MCU and PSD Selec-
tion” screen appears. When you see this screen, make the following selections:

Select an MCU manufacturer and part number. In this example, we're using an Intel 8xC32. Notice how
the control signals are selected for you in this case.

Select the PSD8XX series for the PSD Family.
Select a PSD813F2 and use the 52-pin PLCC package (J package).

Based on the above selections, the “Bus Width”, “Bus Mode”, and “ALE/AS Active Level” will be set auto-
matically.

Set the main Flash memory to “Data Space Only” and the secondary Flash memory to “Program Space
Only”.

This is what the screen should look like after you’'ve made the selections:

J

7/25




AN1178 - APPLICATION NOTE

MCU and PSD Selection

—Step 1! Select Microcontroller [MCU]
Select an MCL and its control signal options. [ vour MCL does
not appear on the list, select 'Other’, then specify its contral signal
configuration. Check latest MCU and PSD data sheets bo confirm
AL timing cormpatibiliy.

-Step 2! Specify the PSD device -

U=e product zelection wizand.

‘wizard... I

FSD Farnily: ng DIt ;I
Manufacturer: IIn[BI ;I Fart Humber: IPS DE13F2 ;I
Type:
e =I| |Packsss:  [Tgzemric =
Comtrol Slgnals:lMH' JRD. /PSEN LI Valtage: 4EVE Y
—Step 3: MCU Parameters
Celect & particular comfiguratian for the MCU/PSD intercommneckion.
Bug Width: I bt ;I
Bus Mode: I Multiplexed Bus ;I
BLE/MAS Active-level | High ;I
k.ain PSD Hazh memany will rezide in this space at power-up: -

Secondary PSD flash rmemony will reside in this space at power-up:

IDala Space Only

—Descrption for any selection above

This choice setz the initial configuration of how the secondan PSD flash mermon output enable signal is

F.
activated. The resulting comfiguration takes affect upon power-up or system reset and remaing in affect until j

the MCU optionally overrides the seftings at min-time wsing the P50 control register named 'WiA",

Frogram Space Only =» Chooze thiz to allow the secondamn PSD flazh memony arap to dive the MCU data

buz while the PSEM signal 1z achve which places all of the secondam PSD flash sectors into "program”

3pace,

2

]

Careel I

Now you have your project established based on a PSD813F2 and an 80C32. However, there are many
other MCU/MPUs you could have chosen in place of the 80C32 and still have use of this document. Note
that this template will work in our DK900 development kit. Click OK and the “Design Parameters” window

will appear.

Design Parameters . Choose “Use example template selection” and click OK to be taken to the “MCU
Template Selection” screen.

8/25
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Design Parameters

Chooze the method by which vou will enker your design

™ |ze Design Assistant
£ Use Extended Design Assistant
£ :Use evample template selection

Description:
Choose a custom template based on pour choice of
microcontroler and S0, Only minor modifications are needed
ta tailar the kemplats o your particular design.

MCU Template Selection. For the simple design, we will use paging, but will not be swapping memory
locations. As such, you should pick “IAP, with memory paging” and click Generate to be taken to the “Pin
Definitions” screen. Again, this template matches the requirements of the DK900 development kit.

MCU Template Selection

—Select a template for pour project
List of templates : Template description :

128KE main flagh, 32KB secondany flash, 2KE
SRak, PLD, JTAGHSP, [AP with emony paging.,
zee App Mote AMOET

Advanced |AP page & swap
AP, no memony paging
AP with meman pagine

G enerate I Cloze

Pin Definitions. Your pin definitions should match the screen below and are setup according to the Phys-
ical Connections shown in Section 2. On this screen, you can add or update pin functionality as desired.
Click Next >> to be taken to the “Design Assistant” screen. Note: there are detailed instructions on how
to use this screen and other “Design Assistant” screens in the PSDsoft Express User Manual.
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Page Register Definition. Looking at the memory map in Figure 5, we see that wee will need four mem-
ory pages, so we need to define two Page Register bits (22 = 4). Since you selected the template previ-
ously, the “Page Register Definition” should match the one shown below. Later, you will see how the Page
Register can be used for general logic inputs to the PLD. Click Next >> when finished.
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Chip Select Equations. Use this screen to enter chip-select equations to match your memory map. The
chip select equations shown should match the memory map of Figure 5. Note the page number associa-
tion for the fsO-7 segment selects. Click Next >> when finished.

B Design Assistant _ (O] %]
Moge Gegister Cefiniion =012 Select Equaatiznz l 1#0 Logic Equations ] User defined Mode Ezuztons ]
For emcl clp selezt. select a page nurcber F memon pagng is Leed . he 2ctve addiess -ang=. and any Dooble click &y of the sizsel Fames
addkicral sigael cualfars Exnsuie =500 page agicten St hava base dxfived fused hee. Ealz to appaac the sgna <Enme o
s e h
Sigral quaifiers ae lizzed in boy chright Legiz=lly AMD qualfiers wilkin came ine ugiag ' sombo. Cleats th: Lc;”,‘:‘ AN "!? Al _U“‘d' 15
I - e = : . Eou whee tha cuizor iz [xostsd
g 00 by wringnzs: lins beovw Uie ' spmbo o keqic ROT.
Mzin PSD flzzh namncre vl ezida in iz space at posar-us [raza Spaza Orle
Szarnlan FED Mashoomw o wil exide r bk spacz ol ovwe e Pioan Spas Onle
Te oMby seeclz—Fole aptem = mp e Donelio n Flislil= zip al:
PR | Faoe -enStan HexEnd Logizzl M2 of Sicral Q.eliize: 1= e -
cgina MHurrber Acdress Admemss [rrer= l-an cne OF] _d —
t=ll - = = ool
fz1 |—T H |/nr|n 3 |7F i | _ar
b2 - . ) al
fr3 Lagizal O willy =t st=terent al
(£33 alll
f:5 — % & a1
bk I_—'“ | ! al
fz¥ Logizal O willy st st=temrent alz
czhoolll ald
csbiooll — alh —
cebiaall l__ & | % & | a2
csbool? — a3
calod Hzzabart cquztioe ad
2 Incan-al chip se et lor 2F bule SRM - a§
JPT b lacatone . rex) as
hl ar
a3
ald i : _
i Prew | [lest = | Serel gl | el Lo | Carcel | Show Zc |

g

11/25




AN1178 - APPLICATION NOTE

I/0O Logic and User Defined Node Equations. The “l/O Logic Equations” and “User Defined Node
Equations” screens are used to enter equations for the registered logic within the PSD. Since this docu-
ment focuses on issues related to ISP and IAP, registered logic equations are not covered. However, for
more information on entering registered logic equations, refer to the PSDsoft Express User Manual. Also,
see Application Note AN1356—Design Guide: PSDsoft Express, for a tutorial on implementing logic in the
CPLD.

Click Done and the software will check your design for errors (which there should be no errors using the
template). You should now see the “Design Flow” window:

Design Flow

Specify
Project

:

Define PSD
and MCL

:

Define PSD
Pin [ Mode Functions

:

Adddtions!
P50 Settings = Mes

l MCL Firrnware

Fit Design to Genergte © Code
Silican Specific to PED

; !

Merge hCL & Exlitar, Compiler Your Application
Firmesvare with PSD Linker, Debugger C Code or Sazembly

Device Programming

Click on Additional PSD Settings in the “Design Flow” window and a dialog box will appear.
Additional PSD Settings. There are three functions that can be accomplished in this dialog box:

1. Setting the security bit—blocks all access to the contents of the PSD’s memories by means of JTAG or
a conventional programmer. That is, once the security bit is set, no programmer can read or copy the
configuration or memory contents of the PSD. The only way to erase the security bit is to completely
erase the PSD.

2. Specify the IEEE 1149.1 JTAG user code—allows you to enter a 32-bit code which can be used for var-
ious functions. Click on the “JTAG/ISP” tab for more details

3. Set the internal memories’ sector protections—allows the individual memory sectors within the PSD to
be write protected to prevent accidental data loss. The MCU/MPU cannot change these settings at run-
time; only a device programmer can alter these settings.

Click OK and you will see the Design Flow again. Next, we need to fit the design to silicon.

Fitting the Design to Silicon. To fit the design to silicon, click the Fit Design to Silicon box in the De-
sign Flow. PSDsoft Express will compile and synthesize the design and create part of the program data
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file (.obj) that will later be programmed into the PSD813F2 silicon. When this process is complete, a report
will pop up that shows the resulting pin assignments PSD usage. This is the fitter report, which you can
use to document your design. Since this design is based on a template, you should receive no errors dur-
ing the fitting process. However, if you create a project from scratch and receive a Fitter error, you should
check the PSDsoft Express User Manual for further instructions.

C Code Generation. You can take advantage of the provided low-level C code for accessing memory el-
ements within the PSD by clicking on the Generate C Code Specific to PSD box in the Design Flow win-
dow. To get the C functions and headers, specify the folder in which you want the ANSI C files to be
written. ANSI C code functions and headers are generated for you to paste into your 80C32 C compiler
environment in the folder you specify. Simply tailor the code to meet your system needs. See the PSDsoft
Express User Manual for details on the C code generation feature.

Merge MCU Firmware with PSD. Now that the fitting process is complete, PSDsoft Express has created
a fuse pattern that reflects the PSD configuration and logic of your design. PSDsoft Express places this
fuse information into a file (the .obj file). However this fuse pattern does not yet contain the 80C32 firm-
ware. The next step will accomplish this, producing an .obj file that contains the PSD configuration and the
80C32 firmware. This final .obj file is what gets programmed into the PSD. The same .obj file is appended
with MCU firmware in the next step below.

For this step, “Merge MCU Firmware with PSD”, you will input the firmware file(s) that contain absolute
addresses from your 80C32 compiler/linker in Intel Hex format. The Merger will map these file(s) into the
memory segments of the PSD according to the chip select equations that you entered in the Design As-
sistant. This mapping process translates the absolute system addresses that 80C32 uses into physical
internal PSD addresses that are used by a programmer to program the PSD. The address translation pro-
cess is transparent. All you need to do is enter the file(s) that were generated from your 80C32 linker into
the appropriate boxes and PSDsoft Express does the rest.

Go to the design flow window and click the Merge MCU Firmware with PSD box. You should see the
following warning as the utility starts:

Information

(@ F5hsoft has demscted non-MCL addrass signals used inthe selection of one o more
' P50 merony segments. [hese s gnas nelude Fis0 page registe Kits or otter cgic
signzls that are not natural WICU address signals.

FS0 mermory segments affected: FS50 F31, FS2 F535 FZ4 FS5, FSG, FST.
[fyou spezify an MCL firmwvare file to be prodramming int2 any PED memcry sedment

listed aacve, ensue thatyour ML compiledlinker has accounted for memory paging
cr any other mremary manipulation scheme that you have employed.

For this example, you can ignore this warning and click “OK” because we are only placing 80C32 code
into Boot Flash memory segments csbootO and csbootl, which are not paged. Here is an explanation of
the warning in case you use paging in future designs:

“PSDsoft Express attempts to populate all of the address range boxes for you, based on your chip select
equations. These are the absolute address ranges that PSDsoft Express will expect to see inside the
file(s) generated by your 80C32 linker. However, if PSDsoft Express sees that paging information is used
in your PSD memory segment equations, PSDsoft Express warns you it has filled in address ranges that
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may be ambiguous (overlapping or dependent on non-address signals, like page register bits) and it is up
to you to resolve them. How you resolve them is purely a function of your 80C32 compiler/linker and how
it handles paging. For example, some MCU linkers will generate a different file for each memory page of
firmware, and each of these files will contain MCU addresses that do not exceed 16 bits. Other linkers will
put all of the memory pages of firmware into a single file using MCU addresses greater than 16 bits to
represent multiple pages (extends 16-bit addresses with page bits). Either method requires you to type
the appropriate file name(s) and address ranges into the window based on how your particular 80C32 link-
er operates.”

After clicking OK, you should see this:

Merging of MICU Firmware with PSD

—aten |2 MCL firmware placement

Sp=zily name of MCL frmwars Ha for sackh PSD menran szegrret balow. Scorcll :o s2e all ssgmsmis.
“fou rra qeed o ediadd thz st ard 00 addresses if paging cr otier MEmon manicu aich is tors lidc.. |

us=d.
M enmy . Filk: Filk:
Seact Mermo Selzct Equstiors | Acdies: Addiezs e Here
I amz Srart [exl | Stop (el
~ lpd~ & lpg1 & lpgrll & a15 -
F30 woald; FJUU IBFFF | Browesa .. | wl

pdn % parl & lpgC & 15
kS L ald,

I:UUD I-H—I— | Browee . |
Hrze |

pdn & porl & paid & alb s

Fy aa |:unu I:FFF | Er:mc..l

He=nrd | ppe b Anpine Mande
7+ Intal Has Jacorc 7 Motorals 5-Rezord * Diazt 7 Relative

pdn & parl & paid & al 5 &
Faz 154 * [ EiG

~3tep 2: Merge PSD configuration and MCU firmware

Click JF. be craste = procrarming data fils.

Cancel

HE

The far left column contains individual PSD memory segments. The next column shows the logic equa-
tions for selection of each memory segment (shown for reference only). In the middle are the address
ranges that were specified in the “Chip Select Equations” screen to create the memory map. PSDsoft Ex-
press filled in these address fields for you. PSDsoft Express expects to find these absolute MCU address-
es within your 80C32 linker file(s) when they are imported. On the right are boxes where you can type in
(or browse for) the name of the file(s) (including path) that indicates the location of your 80C32 linker files.
Notice that you can select Motorola S-Record or Intel Hex Record for the input type. Leave the “Mapping
Mode” set to “Direct”.

Now slide the scroll bar down until you see csboot0 and csbootl.

J
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Merging of MCU Firmware with PSD

- Step 1: MCU firmware placement
Specity name of MCLU frmware file for each PSD memon segment below. Scrall to zee all segments. Mos nf |
ore [nfa...

Y'ou mayp need ko edit/add the stark and stop addresses iF paging or ather mermony manipulation i

Lized.

b ennan Fil= File

Select Memam Select Equations gddress Bddress File Mame

Marne Start (hew] | Stop [hex)
Ipdn & 1215 & 1214 & 121 3; -

CSROOTO IEl |1FFF IE:\PSDEEDIESS\EMMPL Erowse... | |_
Ipdn & 1215 & 1314 & a13:

CS5EOOTH |2':IDEI IBFFF IE:‘\F’SD erpresshEedAPL

Ipdn & 1215 & al4 & [a13;

C5BEO0TZ |4nnc| |5FFF | Brawse. . |
lpdn & 12158 214 & a13;

C5RO0TA IB[IDEI IF‘FFF | Browse. .. | r

Record Type Mapping Mode
¥ |ntel Hex Record i Motorola S-Record = Diect " Relative

- Step Z: Merge PSD configuration and MCU firmware

Click OF ko create a programming data file.

oK
Cancel |

Type in the name of the file from your 80C32 linker that contains the firmware that will boot up your system.
Click the Browse... button and go to the “Examples” directory and select “isp_8032.hex". This file contains
very simple 80C32 code that configures your DK900 system hardware and performs rudimentary tasks to
check out your system. In this example, there are 16 Kbytes available in Boot Flash memory segments
csboot0 and cshootl, which is more than enough for this simple boot and test code. After your new hard-
ware is tested, you can add more code to the boot area for advanced tasks, such as implementing a down-
load to main Flash memory from a host computer, as shown in the enhanced design of the next section.

No file names are required for the main Flash memory regions (fsO-fs7) because we are only operating
out of secondary Flash memory for now.

Click OK, and the address translate process will produce the final programming data file (.obj) that can be
used to program the PSD.

Programming the PSD. The .obj file can be programmed into the PSD in one of three ways:
™

The FlashLINK  JTAG cable, which connects to the PC parallel port.

The ST PSDpro device programmer, which also connects to the PC parallel port.

Third-party programmers, such as Stag and Needhams. See the website at www.st.com/psd for a list of
compatible third-party programmers.

First we’ll show you how to use the FIashLINKTM JTAG cable to program the PSD.
™ ™
Programming with FlashLINK . Connect the FlashLINK cable to your PC’s parallel port. Click the
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ST JTAG/ISP box in the Design Flow window. You will be prompted for the number of devices in the JTAG
chain on your circuit board. Make the appropriate selection and click OK. This document assumes only
one device is in the JTAG chain. If you have more than one device, refer to the PSDsoft Express User
Manual. For single device JTAG chains, the window will look similar to the following one:

JTAG-ISP Operations - Single Device

—Step 1: Select Programming file and PSD
Selsck folder and programming file; Select device:

IE'\PSDSDFT 2000%my_projectieasyB8051 obj Browse... | IPSDS‘I IF2 - I

—5Step 2: Specify JTAGISP operation and conditions
Select operation; Select PED region: Select # of JTAG pine to uze on ciicuit board: Other conditions:

|Frogram ;I Iﬂnll ;I IE ping - ki tdotck, tms, tstak,_ter ;I

Click here ko perform specified JTAG-ISP operation »»  Execute |

—Step 3: Save or retrieve JTAGISP setup
Specify folder and filsnames ta save the setup of this JTAG- ISP session or retisve a previous session. Save |

Select falder and file: Il Browss... |

[~ Log Mode - Click hox to record session infomation in the Iog file = plg

5
L]

HW Setup | Reset Target | Cloze I

To use this window, ensure that the correct programming data file and PSD device appear in Step 1. For
Step 2, select the desired operation, the regions of the PSD that the operation affects, and the number of
JTAG pins (4 or 6) to use on the circuit board. The template assumes all six pins will be used.

Before you perform the selected operation, click the Properties... button. This dialog box allows you to
do the following:

Set Port Pins: with this screen, you can set up the PSD’s 1/O pins during JTAG operations. The default
(except for the JTAG pins) is Input, which is usually fine for most pins. (Note that the PSD will not respond
to any non-JTAG 1I/0.) However, sometimes it may be desirable to set a pin or pins to output during JTAG.
For example, if you have chip-select signal being generated from the PSD that selects a device that po-
tentially could drive signals on the JTAG lines (if you are multiplexing the pins), you would want that chip-
select to be inactive during the JTAG operation.

JTAG-ISP Attributes: this screen allows you to view the device name and Instruction Register length. This
information may be useful to other design programs.

User Code: basically, by clicking on the “User Code” tab, you are provided with a space to enter an IEEE
1149.1 User Code that will be compared to the value previously entered in the “Additional PSD Settings”
screen.

Once you are satisfied with your property settings, click OK to return to the “JTAG-ISP Operations” win-
dow. You can now perform the selected operation by clicking Execute.

Before you leave this screen, you may wish to save your JTAG configuration. This can be done in Step 3
by clicking on the Save button and specifying a file name. This file can be used next time by clicking the
Retrieve button.

Programming with PSDpro. Ensure that the PSDpro device programmer is connected to your PC’s par-
allel port. Click on the ST Conventional Programmers box in the Design Flow window. You will see this:

1625 573




AN1178 - APPLICATION NOTE

P conventional Programming : easy8051.0bj - No Hardware

I Y E s R R T I R [ =[] | |
PSD813F2 Displayed region: Main Flash [00000 - 1FFFF] | FS0: 00000 easybilb1.ohbj
Direct Address Hexadecimal display of programming data file ASCIlI Representalion

00000 FA |FF [FF [FF [FF |FF [FF JFF |FF JFF JFF JFFJFF JFFJFFJFF &
00010 FEJFF[FFJFF[FEJFFJFF PR [FFJFFJFFJFFJFFfFFJFFJPF | 4
00020  [FF |FF |FF [FF |FF JFF [FF|FF [FF|FFFF[FFJFFJFF[FFJPF | | .
Q0030 FF |FF |FF JFF [FF JFF |FF [FF JFF JFF JFFJFFJFF JFFJFFJFF] | oo
00040  [rF |FF |FF [FF [FF JFF [FF [FF [FF [FF[FF[FF [FF JFF[FFJPF | | o
00050 FF |FF |FF |FF |FF |FF |FF |FF |FF JFF [FF |FF PR fFFJFFJFF | | o
00060 FF [FF [FF [FF [FF |FF [FF [FF |FF [FF [FF |FF [FF JFF[FFJFF ] | -0
00070 i (G G Gl G G G G G S G Gl
00080 [rF |FF |FF [FF |FF |FF |FF |FF [FF |FF [FF |FF [FF JFF FF|FF | | - ...
000390 FE|FF [FFJFF [FR |FFJFF PP [FFJFF [FRJFFJFF PR FFPF | |
000AD FF |FF [FF [FF |FF |FF [FF |FF [FF |FF [FF JFF [FF JFF [FFJFF [= | oo oo

If this is the first use of the PSDpro, click on the “Htest” icon to perform a test of the PSDpro and the PC
port. After testing, place a PSD813F2 into the socket of the PSDpro and click on the “Program” icon. (The
.obj file is automatically loaded when this process is invoked). The messaging of PSDsoft Express will in-
form you when programming is complete.

This window is also helpful even if you do not have a PSDpro programmer. You can use this window to
see where the Merge MCU Firmware utility of PSDsoft Express has placed the 80C32 firmware within
physical memory of the PSD. For this design example, you can click on the secondary Flash memory icon
in the tool bar. Notice the 80C32 reset vector at absolute MCU addresses 0000h and 0002h, translates to
PSD secondary Flash memory physical addresses 20000h and 20002h, respectively. To see how all of
your 80C32 absolute addresses translated into physical PSD memory addresses, click Report->Address
Translation. The start and stop addresses in the report are the absolute MCU system addresses that you
have specified. The addresses shown in square brackets are direct physical addresses used by a device
programmer to access the memory elements of the PSD in a linear fashion (a special device programming
mode that the MCU cannot access).

ENHANCED DESIGN EXAMPLE

This second design example builds upon the first to add enhanced features to this ISP/IAP capable sys-
tem. The physical connections between the 80C32 and PSD813F2 do not change, but the memory map
and chip select equations do. The focus of this enhanced design is to show how the memories of the
PSD813F2 can be used concurrently. This means swapping the boot code out of Program Space after the
initial boot sequence has completed. The boot code can then be updated if desired.

Memory Map

The boot sequence and memory swap is a four-step process, as shown in Figure 6 to Figure 9. The re-
quired changes in PSDsoft Express are explained after that (Section 4.2).

Memory Map Configuration at Boot-Up. Figure 6 (next page) shows how the memory map looks at
system power-on or at system reset. The “swap” bit is one of the eight internal PSD page register bits,
whose value is zero by default. The “swap” bit is an example of how the page register bits can be imple-
mented for uses other than memory paging. The VM Register controls which space (Program or Data) the
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PSD memories appear in and can be set prior to runtime using PSDsoft Express Configuration. The VM
register resides in the PSD and can be accessed at any time by the 80C32. (See the PSD8XX data
sheets.) Here’s what the 80C32 does upon power-up or reset:

Boot from Boot Flash memory csbootO at address Oh
Perform a checksum of main Flash memory
Download main Flash memory from a host computer if needed and validate contents.

Figure 6. Memory Map, Enhanced Design at Boot-Up/ISP

Program Space Data Space
FFFF FFFF
CSBOOT3/EES3
Optional Boot Flash/EEPROM
8 KBytes FS1 | FS3 | FS5 | FS7
E000 Page 0|Page 1 |Page 2|Page 3
CSBOOT2/EES2 16 KByte | 16 KByte | 16 KByte | 16 KByte
Optional Boot Flash/EEPROM
8 KBytes
€000 €000

FSO | FS2 | FS4 | FS6

Unmapped Page 0| Page 1|Page 2|Page 3
32 KBytes 16 KByte| 16 KByte | 16 KByte| 16 KByte
8000
Unmapped
22 KBytes

2800

Optional SRAM (RSO0)

CSBOOTI1/EES1 2 KBytes
Optional Boot Flash/EEPROM 2000 Unmapped
8 KBytes Not to 0400 -
Scale LCD Chip Select (CSLCD)
CSBOOTO/EESO 0300 [ ngByFeS o
Optional Boot Flash/EEPROM ontrol Register (CSIOP)
8 KBytes 0200 256 Bytes
ool 0000 8xC51 RAM
swap =0
unlock =0
VM Register = 12h Al03346B

Memory Map Configuration After Moving the Main Flash. The next step is to move the main Flash
memory from Data Space to Program Space. To do so, while executing out of the secondary Flash mem-
ory, write the value 06h to the VM register. You will now have the memory map shown in Figure 7.
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Figure 7. Memory Map After Moving the Main Flash Memory to Program Space

Program Space

FFFF

Boot Memory

temporarily overlaps
p y p E000

CSBOOT3/EES3

Optional Boot Flash/EEPROM
8 KBytes

Flash segments FS1,
FS3, FS5 and FS7

C000

CSBOOT2/EES2

Optional Boot Flash/EEPROM
8 KBytes

FSO | FS2 | FS4 | FS6

Page 0| Page 1| Page 2|Page 3
16 KByte| 16 KByte | 16 KByte| 16 KByte

8000

4000

Unmapped
16 KBytes

Execute
from
Here

CSBOOT1/EES1

Optional Boot Flash/EEPROM
8 KBytes

CSBOOTO/EESO

Optional Boot Flash/EEPROM
8 KBytes

0000

Not to
Scale

swap =0
unlock =0
VM Register = 06h

FFFF

2800

2000

0400

0300

0200
0000

Data Space

Unmapped
54 KBytes

Optional SRAM (RS0)

2 KBytes

Unmapped

LCD Chip Select (CSLCD)

256 Bytes

PSD Control Register (CSIOP)

256 Bytes

8xC51 RAM

Al03347B

Memory Map Configuration After Setting the “swap” bit.
Flash memory and transfer execution to main Flash memory segment fsO. To do so, the “swap” bit must
be set to HI to re-map the Boot Flash memory segments csbootO/csbootl out of the MCU boot area and
replace it with main Flash memory segment fs0O, as shown in Figure 8. So that no program continuity is
lost, the instruction that sets the “swap” bit is executed from csbootO and the next contiguous instruction
must be in fsO. For example, if the instruction that executes the swap is at location 1000h in csboot0, then

fsO must contain the next instruction to be executed at location 1002h.

J

Next, we want to swap main and secondary
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Figure 8. Memory Map After Setting the “swap” bit

Boot Memory
temporarily overlaps
Flash segments
FS3, FS5 and FS7

Boot Memory
temporarily overlaps
Flash segments
FS2, FS4 and FS6

Execute
from
Here

FFFF

E000

C000

A000

8000

4000

0000

Program Space

CSBOOT3/EES3

Optional Boot Flash/EEPROM
8 KBytes

CSBOOT2/EES2

Optional Boot Flash/EEPROM
8 KBytes

CSBOOTI1/EES1

Optional Boot Flash/EEPROM
8 KBytes

CSBOOTO/EESO

Optional Boot Flash/EEPROM
8 KBytes

FS1
16 KBytes

(Flash Sector 1)

FSO
16 KBytes

(Flash Sector 0)

FFFF

Swap

2800
2000
0400

Not to

Scale | o300

0200
0000

swap =1
unlock =0
VM Register = 06h

Data Space

Unmapped
48 KBytes

Optional SRAM (RS0)
2 KBytes

Unmapped

LCD Chip Select (CSLCD)

256 Bytes

PSD Control Register (CSIOP)

256 Bytes

8xC51 RAM

Al03348B

Memory Map Configuration After Moving the Boot Flash Memory to Data Space.

The final step is

to move the secondary Flash memory to Data Space so that it can be updated if desired. To move the
secondary Flash memory to Data Space, write OCh to the VM register. Once the VM register has been
written, you can program either half of the secondary Flash memory, depending on how the “unlock” bit is
set. Figure 9 shows the final state of the memory map.
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Figure 9. Memory Map After Moving the Boot Flash Memory to Data Space

Program Space Data Space
FFFF FFFF
CSBOOT3/EES3
Optional Boot Flash/EEPROM
FS3 | FS5 | FS7 8 KBytes
Page 1 |Page 2|Page 3 E000
Not |16 KByte |16 KByte|16 KByte CSBOOT2/EES2
Map- Optional Boot Flash/EEPROM
d 8 KBytes
coo | P® €000
Page 0 CSBOOT1/EES1
Optional Boot Flash/EEPROM
FS2 | FS4 | FS6 8 KBytes
Page 1 |Page 2|Page 3 A000
16 KByte |16 KByte | 16 KByte CSBOOTO/EESO
Optional Boot Flash/EEPROM
8 KBytes
8000 8000
FS1
16 KBytes
(Flash Sector 1)
4000
2600 Optional SRAM (RS0)
2000 2 KBytes
Unmapped
16'20 Notto { % LCD Chip Select (CSLCD)
vies Scale 256 Bytes
(Flash Sector 0) 0300 555 Control Register (CSIOP)
256 Bytes
0200
0000 0000 8xC51 RAM
swap =1
unlock =0or 1
VM Register =0Ch Al03349B

In this final configuration, the 80C32 has available:

32 Kbytes main Flash memory (fsO and fs1) in the bottom of Program Space common to all pages
96 Kbytes main Flash memory in Program Space across three pages (8000h-FFFFh)

2 Kbytes of SRAM in addition to the SRAM that resides on the 80C32

16 Khbytes of secondary Flash memory for general data storage in Data Space (CO00h-FFFFh)

16 Kbytes of secondary Flash memory for boot and ISP loader code in Data Space (8000h-FFFFh).

Each time this 80C32 system gets reset or goes through a power-on cycle, the PSD presents the memory
map of Figure 6 to the MCU, and the boot sequence is repeated.

PSDsoft Express Design Entry

The steps to implement the second design in PSDsoft Express are almost identical to those in the first
design. In fact, you can repeat the steps outlined in Sections 3.2.1 to 3.2.3, except you should give your
new project a different name. Then, when you are presented with the “MCU Template Selection” screen,
you should select “Advanced IAP, page & swap”.

Differences to note:

You will notice that in the “Page Register Definition” screen in the Design Assistant, there are two new
added bits: “swap” and “unlock”. These bits are used in the chip select equations to implement memory
swapping and control of which secondary memory section is made available in Data Space. Notice how
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these two bits are defined as logic inputs to the PLD instead of paging bits.

The chip selects will now match the situational memory maps outlined in Figure 6 to Figure 9. That is, the
memory map that is presented to the MCU varies dynamically based on the settings of the VM Register
and Page Register bits “swap” and “unlock”.

For more information on both the Page Register and VM Register, see the data sheets and the PSDsoft
Express User Manual.

When mapping the 80C32 firmware in the Address Translate utility of PSDsoft Express for this second
design example, you still do not need to specify any Hex file for the PSD main Flash memory area. You
only need to specify the 80C32 linker file(s) for the secondary Flash memory area (as in the first simple
design) because the 80C32 will execute code from secondary Flash memory and download to main Flash
memory.

CONCLUSION

These examples are just two of an endless number of ways to configure the EasyFLASHT'VI PSD for your
system. Concurrent memories with a built-in programmable decoder at the segment level offer excellent
flexibility. Also, as you have seen with the “swap” and “unlock” bits, the page register bits do not have to
be used just for paging through memory. The ability to expand your system does not require any physical
connection changes, as everything is configured internal to the PSD. And finally, the JTAG channel can
be used for ISP anytime, and anywhere, with no participation from the MCU. All of these features are
crosschecked under the PSDsoft Express development environment to minimize your effort to design a
Flash 80C32 system capable of ISP.

REFERENCES

PSD8XX Family Data Sheets for detailed PSD8XX information

PSDsoft Express User Manual for details on how to use the design software

Application Note AN1153—JTAG ISP Information: Flash PSD for detailed use of the JTAG port

APPENDIX A: CONNECTING TO A PSD813F WITH NO BOOT MEMORY

The following is a sample memory map for connecting to a PSD813F with no secondary memory (such as
the PSD813F3 or PSD813F5). This memory map assumes you have downloaded the main Flash memory
with the FlashLINK cable or you have booted from a separate PROM and have downloaded the Flash
memory using the MCU. In either case, you must change your design to account for the lack of secondary
memory.

J
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Figure 10. Memory Map for a PSD813F Device (with No Secondary Boot Memory)

FFFF

C000

8000

4000

0000

Program Space

FS3

Page 0
16 KByte

Page 1 |Page 2
16 KByte |16 KByte

Not

FS5 | FS7 |Mapped

Page 3
16 KByte

FS2

Page 0
16 KByte

Page 1 |Page 2
16 KByte |16 KByte

Not

FS4 | FS6 [Mapped

Page 3
16 KByte

FS1
16 KBytes

(Flash Sector 1)

FSO
16 KBytes

(Flash Sector 0)

Not to
Scale

FFFF

4000

2900

2800

2000

0400
0000

Data Space

Unmapped
48 KBytes

Unmapped
5.75 KBytes

PSD Control Register (CSIOP)
256 Bytes

Optional SRAM (RS0)
2 KBytes

Unmapped

8XC51 RAM up to 1 KByte

Al03350B
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Table 1. Document Revision History

Date Rev. Description of Revision
Aug-2000 2.0 | Document written in the WSI format
26-Oct-2001 [ 3.0 [ Document converted to the ST format
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For current information on PSD products, please consult our pages on the world wide web:
www.st.com/psd

If you have any questions or suggestions concerning the matters raised in this document, please send
them to the following electronic mail addresses:

apps.psd@st.com (for application support)
ask.memory@st.com (for general enquiries)

Please remember to include your name, company, location, telephone number and fax number.

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted
by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject
to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products are not
authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.

The ST logo is registered trademark of STMicroelectronics
All other names are the property of their respective owners.

[J 2001 STMicroelectronics - All Rights Reserved

STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - Italy - Japan - Malaysia - Malta - Morocco -
Singapore - Spain - Sweden - Switzerland - United Kingdom - U.S.A.

www.st.com
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