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AN77835 provides an overview of topics to consider when designing a project for easy migration between PSoC® 3 and

PSoC 5LP devices. Device considerations, PSoC Creator topics, and firmware porting are discussed.
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Introduction

PSoC 3 and PSoC 5LP devices are designed for easy
migration of designs from PSoC 3 to PSoC 5LP. Although
there are some differences such as the CPU cores, the
programmable analog, programmable digital,
programmable routing, pin functions, and other features
are quite similar. Furthermore, the PSoC Creator IDE
handles a lot of the migration issues for you, automatically.
Often, migrating a PSoC Creator design is as simple as
specifying a new part then rebuilding the project.

However, there are some considerations that you should
keep in mind when planning for migration. For example,
additional features in PSoC 5LP may make it desirable to
reassign pins on the PCB. A faster and more efficient CPU
may suggest a review of system clock speed settings.

This application note discusses all of the topics that you
should consider when migrating a project or product from
PSoC 3 to PSoC5LP. Both device level and PSoC
Creator project level considerations are covered. If you are
new to PSoC 3 or PSoC 5LP, see one of the PSoC 3 or
PSoC 5LP datasheets, AN54181, Getting Started with
PSoC 3, or AN77759, Getting Started with PSoC 5LP. For
hardware design topics, see AN61290, PSoC 3 and
PSoC 5LP Hardware Starting Guide.
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Why Migrate?

The major difference between PSoC 3 and PSoC 5LP is the CPU core: PSoC 3 has an 8-bit 8051 and PSoC 5LP has a 32-bit
ARM Cortex-M3. Also, PSoC 5LP has more flash and SRAM memory than PSoC 3, has a higher maximum operating
frequency (80 MHz), and adds one or two SAR ADCs. The usual reason to migrate is to take advantage of one or more of
these features.

However, the PSoC 5LP features do come at an additional cost. Therefore, before migrating it makes sense to determine if it
really is necessary. There are elements in the PSoC 3 and PSoC 5LP architecture that may reduce the need to migrate. They
include the following:

1. All PSoC 3 and PSoC 5LP devices have a powerful and highly flexible DMA controller, and many devices have a digital
filter block (DFB). You may be able to offload significant functionality from the CPU to these blocks, and if the CPU has a
lower processing burden then you may not need to migrate.

2. All PSoC 3 and PSoC 5LP devices have a set of highly configurable universal digital blocks (UDBs), which contain both
PLDs and 8-bit ALU datapaths. It is possible to offload functionality from the CPU to standard or even custom intelligent
peripheral components that are built using UDBs. For more information, see AN82250, PSoC PLDs and AN82156, PSoC
Datapaths.

3. You may be able to optimize your PSoC 3 8051 code, and reduce its size in flash. For more information, see AN60630,
PSoC 3 8051 Code Optimization.

4. All PSoC 3 and PSoC 5LP devices have abundant analog routing resources. Using PSoC Creator components, you can

build complex analog multiplexing systems, some of which are controlled by UDB peripherals instead of the CPU. This
may allow more efficient use of the single delta-sigma ADC in PSoC 3 and reduce the need for the multiple ADCs in
PSoC 5LP. For more information, see one of the multiplexer component datasheets, for example Hardware Multiplexer.

When planning a PSoC-based product, you should review your project design relative to the above subjects, for opportunities
to remove the need to migrate and avoid possible cost increases.

Device Differences

Although the PSoC 3 and PSoC 5LP families have many features in common, there are some important differences. For
details see Table 1, and for more information see the specific device datasheets.

Table 1. Major Differences between PSoC 3 and PSoC 5LP

Consideration

PSoC 3

PSoC5LP

CPU 8-bit 8051, dual DPTR, most instructions 32-bit ARM Cortex-M3, supported in PSoC
execute in 1 or 2 cycles, supported in PSoC Creator by gcc and MDK compilers.
Creator by Keil compiler.
CPU has a separate clock divider sourced from CPU is always clocked from bus clock.
bus clock.
Memory Up to 72 K flash, 8 K SRAM, 2 K EEPROM Up to 288 K flash, 64 K SRAM, 2 K EEPROM

Additional functional blocks
available in PSoC 5LP

One or two SAR ADCs: 12-bit, up to 1 Msps

Operating frequency

67 MHz max

80 MHz max

Packages

100-TQFP, 68-QFN, 48-QFN, 48-SSOP,
72-CSP

100-TQFP, 68-QFN, and 99-CSP.
No 48-pin packages.

Internal main oscillator

3 MHz to 62 MHz, 1% accuracy at 3 MHz

3 MHz to 74 MHz, 1% accuracy at 3 MHz

JTAG support available from a variety of third
party sources, see General PSoC Programming

(IMO) (CY8C38 and CY8C36 parts)
With either IMO or crystal as a source, the PLL With either IMO or crystal as a source, the PLL
can be used to generate higher frequencies, can be used to generate higher frequencies,
with the same accuracy as the source. with the same accuracy as the source.

Debug JTAG, SWD, SWV JTAG, SWD, SWV, TRACEPORT

JTAG support available from a variety of third
party sources, see General PSoC Programming
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Consideration PSoC 3 PSoC5LP
Electrical specifications Full-chip Ipp at 6 MHz: 2.3 mA typ Full-chip Ipp at 6 MHz: 3.1 mA typ
GPIO: input capacitance 7 pF max GPIO: input capacitance 9 pF max
Voltage reference: +0.1% (CY8C38 and Voltage reference: +0.1%
CY8C36 parts)
Flash: total device programming time 1.5 s typ. Flash: total device programming time 5 s typ.
Interrupt response time: 25 CPU cycles max. Interrupt response time: 12 CPU cycles max.

Hardware Design Considerations

To plan for project migration, the first step is to review your overall system, focusing on the power system, PCB design, and
the PSoC Creator project. As Table 1 shows, PSoC 5LP has some differences from PSoC 3.

Power System
Table 1 shows several considerations that may affect your product's power system design:

m  Depending on usage, PSoC 3 and PSoC 5LP consume different amounts of current. Generally, PSoC 3 consumes less
current than PSoC 5LP.

Pin Assignment and PCB Design

Table 1 also shows considerations that may affect your PSoC pin assignments, as well as your overall PCB layout and design.
Here are some considerations:

m  External references: PSoC 5LP adds one or two SAR Table 2. ADC Reference Pins

ADCs; with the delta-sigma ADC as many as three )
ADCs are available. The pins listed in Table 2 are (UG Bl
used to provide external references for the ADCs. To Delta-sigma | PO[3] or P3[2]
take advantage of this feature you should reserve

these pins from being used for other functions. SARO PO[4]

For more information on external reference pins see SAR1L PO[2]
AN61290, PSoC 3 and PSoC5 Hardware Starting

Guide.

m  Package: PSoC 3 has one or two external reset sources - either a dedicated XRES pin, or P1[2] can be configured as a
reset pin. For 48-pin packages only the P1[2] configurable reset is available.

For PSoC 5LP there are no 48-pin packages. All PSoC 5LP packages have a dedicated external reset (XRES) pin, and
P1[2] cannot be configured as a XRES pin.

PSoC 3 is also available in a 72-ball CSP package, and PSoC 5LP in a 99-ball CSP package. To migrate between the
devices in CSP packages, a PCB redesign is required.

So when planning for migration consider using only 68-QFN or 100-TQFP parts, and use only the dedicated XRES pin for
device reset.

Analog Performance

Finally, Table 1 shows differences in the electrical specifications that may affect the analog performance of your PSoC Creator
project. You should review your product's analog system requirements and make sure that they can be met by both PSoC 3
and PSoC 5LP.
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PSoC Creator Considerations

When you change the device in your product, you must update your PSoC Creator project. This application note covers how to
migrate PSoC Creator projects created with version 2.1 SP1 or higher. If you currently have a PSoC Creator 1.0 project, you
should first migrate it to PSoC Creator 2.1 SP1. When you do, you may need to handle some issues, including:

m  Obsolete devices

m  Migrating components from PSoC Creator 1.0

Information on these topics can be found in the PSoC Creator 2.0 Migration Guide and the PSoC Creator 2.1 SP1 Migration
Guide.

Once you have a stable and working project with PSoC Creator 2.1 SP1 or higher, save an archive or backup copy — this is
always good practice. You can then change the device in that project. There are several steps involved:

m  Selecting the new device

m  Clearing initial build errors

®m  Porting firmware

The remainder of this application note shows how each of these steps is done.

PSoC 5LP Device Selection

The first step to migrate a project is to select the appropriate device. The differences noted in Table 1 notwithstanding, all of
the devices have similar packages, pinouts, peripheral blocks, and functions, so in many cases it is easy to find the right
device. The best way to start is to review the various device family datasheets. Also, PSoC Creator offers a handy dialog to
assist with device selection, as Figure 1 shows.

Once you have selected your new device, you must change your PSoC Creator project from a PSoC 3 project to a PSoC 5LP
project - do the following steps:

m  Go to menu item Project > Device Selector

m In the dialog box (see Figure 1) click the button under the "Architecture” column, and make sure that “PSoC 5LP” is
checked.

Figure 1. PSoC Creator Device Selector Dialog
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m  Click the row for the device you want, then click OK. Figure 2. Generated Source Folders
The dialog box closes and the project in the T TR
Workspace Explorer window shows the new device. warkspace Explorer (1 project)
m  Rebuild the changed project. Note that the source files :% %
generated by PSoC Creator are saved in a folder [l ok space 'Desion0]' | iectz]
“PSoC5”, separate from the “PSoC3” folder, as I . - .
Figure 2 shows. Your PSoC 3 project files are not = EI Project [Z.Iesugnm [CYBL5568AX-060] &
changed. &' TopDesign.cysch 5
o . [u]
;‘lj Drezign . cydwr m
=) Header Files A
h] device.h %
=) Source Files %
cl main.c =
EH) Generated_Source
) P5oC3 o
) P50l =

Analog Routing Differences

The analog routing in PSoC 5LP is slightly different from that in PSoC 3; for details see Figure 8-2 in the respective
datasheets. PSoC Creator is aware of the routing differences, so in many cases you can just rebuild the project for the new
device, and the project’s functions and performance will remain unchanged.

However, note that you can constrain or manually optimize the analog routing, by using the Manual Routing components or
the Analog Editor in PSoC Creator. If your design has these constraints, it may not directly port to the new device. In this case
you must either change your usage of the Manual Routing components or re-route manually using the Analog Editor.

Porting Firmware

In most cases C code written for the Keil 8051 compiler for PSoC 3 will port directly to the gcc and MDK compilers used with
PSoC 5LP ARM Cortex-M3. This includes C code that is auto-generated by PSoC Creator.

However, there are some special considerations to keep in mind when porting code between the compilers:

Conditional Compilation

Although not usually needed, you can use conditional #if (defined(__C51_ ))
compilation for code that cannot be directly ported /* PSoC 3 unique code */
between 8051 and Cortex-M3: #else /* PSoC 5 */
/* PSoC 5 unique code */
#endif
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Editable Code Sections

As part of the build process PSoC Creator generates APIs for the components. The APIs are placed in different files, in
different folders, for PSoC 3 and PSoC 5, as Figure 2 shows.

Some component API functions, especially interrupt (ISR) functions, have user editable sections. These sections are
delineated by #START and #END comments, as Figure 3 shows.

Figure 3. User Editable Sections of Component API Code

[FHCD LAN_EN ird 127 Y L]
I CAN_Rx 128 CY_ISR{isr_1 Interrupt)
1) CAM_TH 12900 {
FHT) cen 130 /* Place wour Interrupt code here. #/
FHC ey boot 131 /% THSTLRT isr 1 Interrupt’™ */
#5 DieTemp_1 132 /% 2et the interrupt flag, declared in main %/
&2 EMIF_1 133 extern CYBIT isr flag:;
= s 134
EJELTC 135 isr flag = 1;
ﬂ isr_'l.h 138 f* ‘#END‘ *f

Your code in these sections is not automatically copied when rebuilding for a different device. It must be manually copied from
the file generated for one device, and pasted to the file generated for the other device.

DMA Addresses

Both device families have the same DMA controller (DMAC). The DMAC uses 32-bit addresses (source and destination), each
stored in two 16-bit registers. The upper halves of the addresses are specified in a DMA channel:

DMA DmalInitialize(..., upperSrcAddr, upperDestAddr);

The lower halves of the addresses are specified in transaction descriptors (TDs) associated with a DMA channel:
CyDmaTdSetAddress (..., lowerSrcAddr, lowerDestAddr):;

For more information, see AN52705, Getting Started with DMA.

For PSoC 5LP, you can easily obtain the upper and lower halves of an address from a (4-byte) pointer variable, by using the
HI16 or LO16 macros, defined in the cytypes.h file:

upperSrcAddr = HI16 (srcArray);
lowerSrcAddr = LOl6(srcArray);

For PSoC 3, the contents of a pointer variable cannot be used because the Keil 8051 compiler uses a 3-byte pointer. It
contains a 16-bit absolute address and a third byte that designates the memory space being used (see Appendix A). Instead,
use one of the following code snippets to obtain the upper half of the address:

Source or destination in SRAM or peripheral register:
upperSrcAddr = 0;

Source in flash:

upperSrcAddr (CYDEV_FLS BASE) >> 16

As noted previously, conditional compilation can be used:

#if (defined(_ C51 ))
upperSrcAddr = 0;

lowerSrcAddr = srcArray;
#else /* PSoC 5 */
upperSrcAddr = HI16 (srcArray);

lowerSrcAddr = LOl6 (srcArray);
fendif
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Endian Format

Endian format refers to how multi-byte variables are stored in a byte-wide memory. In big endian format, the most significant
byte is stored in the first byte (lowest address). In little endian format the least significant byte is stored in the lowest address.

For PSoC 3, the Keil 8051 compiler uses big endian format. The PSoC 5LP Cortex-M3 and all of its compilers use little endian
format. PSoC 3 and PSoC 5LP multi-byte peripheral registers all use little endian format. When porting code you should
consider access of these variables and registers by both the CPU and the DMAC.

CPU Access

The following macros provided by PSoC Creator access registers with byte swapping when needed. These macros are for
accessing registers mapped in the first 64 KB of the 8051 external data space:

CY GET REGS8 (addr)

CY SET REGS8 (addr, value)
CY GET REG16 (addr)

CY SET REG16 (addr, value)
CY GET REG24 (addr)

CY SET REG24 (addr, value)
CY GET REG32 (addr)

CY SET REG32(addr, value)

Use these macros to access registers mapped above the first 64 KB of the 8051 external data space:

CY GET XTND REGS8 (addr)

CY SET XTND REGS8 (addr, value)
CY GET XTND REG16 (addr)

CY SET XTND REG16 (addr, value)
CY GET XTND REG24 (addr)

CY SET XTND REG24 (addr, value)
CY GET XTND REG32 (addr)

CY SET XTND REG32(addr, value)

These macros can be directly ported to PSoC 5LP compilers, and they handle byte swapping correctly. For more information
on these macros, see the PSoC Creator System Reference Guide.

DMA Access
DMA transaction descriptors (TDs) can be programmed to have bytes swapped while transferring data. The swap size can be
set to 2 bytes for 16-bit transfers or 4 bytes for 32-bit transfers. The following examples handle 2- and 4-byte swaps:

CyDmaTdSetConfiguration (myTd, 2, myTd, TD TERMOUTO EN | TD SWAP EN);
CyDmaTdSetConfiguration (myTd, 4, myTd, TD TERMOUTO EN | TD SWAP _EN | TD SWAP SIZE4);

DMA byte swapping is required only in PSoC 3, when transferring multi-byte parameters between registers and variables in
memory. It must be disabled for all other uses, including all PSoC 5LP uses.

Timing
To generate more accurate time delay loops, use the CyDelay() function. This function selects the number of loop iterations

based on processor type and CPU speed. The CyDelay() function is defined in CyLib.c, which is available in Generated
Source files.
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Compiler Keywords

The Keil 8051 compiler provides several keywords to place variables in different 8051 memory spaces, to increase code
efficiency.

These keywords do not directly port to the gcc and MDK compilers used for the Cortex-M3. PSoC Creator defines several
macros that can be used instead, and allow easy porting of code with these keywords — see Table 3.

Table 3. 8051 Memory Spaces, Keywords, and Macros

8051 Memory Space Keyword PSoC Creator Macro

Internal RAM bit, data, bdata, idata, small CYBIT, CYDATA, CYBDATA, CYIDATA, CYSMALL
Internal SFRs sfr, shit -

External space pdata, xdata, compact, large, far CYPDATA, CYXDATA, CYCOMPACT, CYLARGE, CYFAR
Code space (flash) code CYCODE

For more information on how to use the keywords in Table 3, see the application note AN60630, PSoC 3 8051 Code
Optimization.

Non-Portable Keil Compiler Keywords
The Keil compiler keywords sfr, sbit, and reentrant are not portable. You should avoid using these keywords, or put them
under conditional compile statements — see Conditional Compilation.

You can also define macros that contain the conditional compile statements. This technique is preferred because too many
conditional compile statements may make your code difficult to read.

sfr and sbit

Special function registers (SFRs) exist in PSoC 3 as an alternate, faster way to access certain registers — see AN60630. They
are defined using the sfr keyword, and bits within those registers are defined using the sbit keyword. Because these
alternative registers are not available in PSoC 5LP, there is no way to port the definitions of these registers.

reentrant

By default, the Keil compiler assumes that functions are not reentrant — a function’s local variables are not stored on the stack;
instead they are stored in fixed memory locations in RAM. If a function is called from different threads (such as main and
interrupt handler), or recursively, then it must be specifically defined as a reentrant function:

/* reentrant function declaration */

void delay (uint32) reentrant;

/* reentrant function definition */
void delay (uint32 x) reentrant

{

}

Both PSoC 5LP compilers define functions as reentrant (which is actually standard in C), and neither of them support this
keyword. To port functions with this keyword to PSoC 5LP, either define them within conditional compile statements or just
redefine the keyword to be ignored:

#define reentrant /**/

Assembly Language Code
Code written in assembly language cannot be ported, as mnemonics for the 8051 and the Cortex-M3 are different.
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Summary

This application note has provided a detailed discussion of considerations for migrating designs from PSoC 3 to PSoC 5LP

devices.

The best way to avoid problems when migrating designs is to plan ahead. The overall product requirements and system-level
design should be reviewed to make certain that both device families can be used. Then, design the PCB so that parts from
both families can be used. Finally, design the PSoC Creator project schematic, .cydwr file, and code such that the project can

be rebuilt for all devices that you plan to use.

Related Application Notes

AN54181 — Getting Started With PSoC 3
AN77759 — Getting Started With PSoC 5LP

AN61290 — PSoC 3 and PSoC 5LP Hardware Starting
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Appendix A — Memory Maps
The PSoC 3 and PSoC 5LP memory maps are different, due to the architecture of their respective CPUs.
The PSoC 3 8051 memory map consists of three distinct memory spaces, as Figure 4 shows.

m  Code space: This space is 64 Kb, and is occupied solely by flash memory. The 8051 executes instructions from this
space.

m  External data space: This space is “external” to the 8051 core but of course is “internal” to the PSoC 3 device. All SRAM,
registers, and EMIF addresses are mapped into this space. Flash memory is also mapped into this space, mainly for DMA
data access. This space is 16 Mb in size, and requires a 24-bit address to access it.

m 8051 internal data space: This space is actually part of the 8051 core. It contains 256 bytes of RAM and several special
function registers (SFRs). The 8051 uses fast register and bit instructions to access portions of this space. The 8051
hardware stack also occupies this space; the stack size is at most 256 bytes.

For more information, see any PSoC 3 datasheet or the application note AN60630, PSoC 3 8051 Code Optimization.
Figure 4. PSoC 3 8051 Memory Map

OXFFFFFF
OxFF RAM SFRs
(Indirect (Direct
0x80 Addressing) Addressing)
SRAM, OX7F
- RAM
rsg:::?];’ 0x30 (Direct and Indirect Addressing)
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(EMIF) Bit Addressable Area
0x20
FLASH
Ox1F
4 Banks, RO-R7 Each
0x0000 0x000000 0x00
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The PSoC 5LP ARM Cortex-M3 architecture is simpler—it
uses a single 32-bit linear memory map, as Figure 5

Figure 5. PSoC 5LP Cortex-M3 Memory Map

OxFFFFFFFF
shows. The SRAM in PSoC 5LP actually occupies the *
addresses 0x1FFF8000 to 0x20007FFF, centered on the Vendor-specific
boundary between the Cortex-M3 Code and SRAM
spaces. 0xE0100000
. . OxEOOFFFFF
The remainder of the code space is occupied solely by Private peripheral bus - External
. . 0xE0040000
flash, starting at address 0. The PSoC 5 registers occupy OXEOO3 FFFE
the Cortex-M3 Peripheral space. Private peripheral bus - Internal .
. ) 0xE0000000
For more information, see any PSoC 5LP datasheet or the Ox DFFFFFFF
application note AN89610, PSoC 4 and PSoC 5LP ARM
Cortex Code Optimization. External device 1.0GB
0xA0000000
Ox9FFFFFFF
External RAM 1.0GB
0x60000000
OxSFFFFFFF
Peripheral 0.5GB
0x40000000
Ox3FFFFFFF
SRAM 0.5GB
0x20000000
0x1FFFFFFF
0x00000000
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