
Application Portability for 32-Bit Microcontrollers – 
Reality or Myth?
INTRODUCTION

In November of 2008, ARM® announced the availability
of the Cortex™ Microcontroller Software Interface
Standard (CMSIS). They claim that this will reduce the
cost of designing software when creating projects for
new devices or migrating existing software between
Cortex-M based microcontrollers from different silicon
vendors. This sounds very good, but is it valid? This
paper investigates these claims to determine just how
valid they are. We will take a look at the components of
a typical microcontroller and then see just what can or
cannot be gained by adding an abstraction layer on top
of the typical peripheral firmware libraries.

According to ARM, CMSIS is “a vendor-independent
hardware abstraction layer for the Cortex-M processor
series. The CMSIS enables consistent and simple soft-
ware interfaces to the processor for silicon vendors and
middleware providers, simplifying software re-use,
reducing the learning curve for new microcontroller
(MCU) developers and reducing the time to market for
new devices… The creation of the CMSIS enables sili-
con vendors to focus their resources on the differentiat-
ing peripheral features of their product, and eliminates
the need to maintain their own individual and incompat-
ible standards for programming a microcontroller.”1

To put this in context, we need to look at how microcon-
trollers fit into a design. A microcontroller is a highly
integrated system solution. Actually, you can call it a
System-on-Chip (SoC). As with any SoC, the chip’s
function is defined by the hardware peripherals that are
integrated with the CPU core. Of course, the perfor-
mance and architecture of the CPU core defines what
kind of code can be executed on the chip; but the chip's
interaction with other parts of the system happens
through the peripherals. What makes microcontrollers
unique SoCs is the flexibility of their peripherals.
Because of this flexibility, microcontroller setup and
control can be fairly complex. A number of registers
need to be set before anything actually happens. To
help the designer with this task, the silicon vendor sup-
plies firmware libraries that simplify the code develop-
ment. These libraries include all the necessary
functions to setup all the registers and control all the

different parts of the microcontroller. Each silicon ven-
dor will deliver a unique library, as their microcontroller
will have different peripherals and features, which dif-
ferentiates them from their competition. Let us look at
the different parts of the microcontroller that comprise
this differentiation from vendor to vendor.

SYSTEM ARCHITECTURE

Each microcontroller manufacturer has its own way of
implementing the overall system integration – i.e., sys-
tem buses, clock trees and memory – even when the
CPU core is the same. These implementations allow
them to create advantages that make their microcon-
troller a better solution for a customer. Let’s explore
each of these system elements:

• The clock tree provides the heartbeat of the sys-
tem, coordinating the timing of all of the other 
functions. The clock tree is designed to optimize 
the system for speed and economy of operation. 
The features and peripherals that are included on 
the chip, as well as the problems the chip is 
designed to solve, directly influence the structure 
of the clock tree. Therefore, the clock tree struc-
ture is unlikely to be the same between manufac-
turers. And, the clock tree registers need to be 
programmed with the right values before anything 
else will happen.

• The architecture of the system buses defines how 
all of the MCU functions are integrated. Some 
manufacturers will use one or more peripheral 
buses, depending on the peripherals they inte-
grate. All of this will change what and how many 
registers need to be set, in order to utilize all the 
available functions.

• Even though all microcontrollers have both non-
volatile memory, like Flash, and volatile memory, 
like SRAM, the exact integration is different for 
each manufacturer. Some connect the Flash 
memory directly to the core and to a bus matrix, 
while others connect it to a system bus or bus 
matrix. RAM is sometimes located in two indepen-
dent banks to allow for simultaneous access by 
the core and peripherals. These varied memory 
structures might affect how the code is written, 
and they often have a direct impact on the perfor-
mance of an application when a designer is 
moving from one manufacturer to another.
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PERIPHERALS

Each manufacturer provides a mix of standard and
dedicated hardware peripherals on its microcontrollers.

• Standard peripherals provide common functions, 
such as serial communication via UART or SPI. 
They can also be timers or PWMs. While standard 
peripherals are common among all MCU manu-
facturers, they may have certain enhancements 
that give the customer more flexibility and/or fea-
tures. As with any part of the microcontroller, the 
standard peripherals all have their own registers. 
Even though they might have identical functional-
ity, it is nearly certain that each manufacturer 
implements them differently, resulting in different 
register structures among MCU vendors.

• Dedicated peripherals are provided for specific 
tasks that are unique to certain applications. For 
example, brushless motor control PWMs, I2S for 
audio playback, or encryption/decryption. 
Depending on their complexity these dedicated 
peripherals might have a few registers or 30+ 
registers.

FIRMWARE LIBRARIES

As mentioned previously, each MCU manufacturer will
have its own peripheral firmware libraries to help cus-
tomers implement their designs and quickly move to
the prototyping stage. A firmware library consists of
code that has been developed by the chip manufac-
turer to set up all the registers for the various aspects
of the chip, such as clocks, buses and peripherals. Pro-
viding function calls to easily set up the various regis-
ters helps developers concentrate on entering the
parameters required for their applications. The function
takes care of writing these parameters to the appropri-
ate memory locations. By using the functions from the
firmware library, the developer will not have to learn all
of the registers and their locations to get the chip up
and running. This saves time that can be focused on
more application-specific tasks, such as developing the
appropriate algorithms for the application.

The peripheral firmware library also includes functions
to control the peripherals, which is also done through
registers. Again, this eliminates the need to focus on
the register bits and location, and allows the developer
to just pick the right function for their code.

Abstraction layers can be applied to peripheral firm-
ware libraries to help streamline code development and
here CMSIS fits into the picture. Still the question is:
Does it result in code compatibility?

A LOOK AT THE FACTS

Now that we have a clear picture of what each micro-
controller manufacturer is delivering, we can look at
what, if anything, an abstraction layer will do for the
designer. First, let's see what CMSIS tells us they are
offering, while keeping in mind the system architecture,
peripherals and firmware library as outlined above.

CMSIS Version 1.3 

1. Core Peripheral Access Layer: contains name
definitions, address definitions and helper
functions to access core registers and peripher-
als. It also defines a device-independent
interface for RTOS kernels that includes debug
channel definitions.”2

2. These software layers are expanded by silicon
partners with:

a) a device peripheral access layer, which pro-
vides definitions for all device peripherals;

b) access functions for peripherals (optional):
provides additional helper functions for
peripherals.”2

Through a careful reading of this description, we can
see that what CMSIS gives us is a common language
with which to describe the different components of the
MCU.

Next, let’s take a look at a sampling of some of the fea-
tures included in the MCUs produced by two different
“Silicon Partners” (MCU manufacturers who use ARM
Cortex-M processor cores).

TABLE 1:

Feature Vendor A Vendor B

Communication Peripherals

5 X USART 4 X USART

3 X SPI Bus 3 X SPI/SSP Bus

USB 2.0 OTG FS USB OTG

ADC 12-bit – 1 Msps 12-bit – 200 ksps

Timers 16-bit 32-bit

Internal Clock Frequency – Max 72 MHz 100 MHz

RAM – Max 48 kB 64 kB
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What is immediately obvious from this sampling is that
the key features differ between just these two 32-bit
MCU manufacturers, even though both use the Cortex-
M3 core. The features listed in the table are among the
most standard in the microcontroller, yet they differ.
What this means is that, even though both of these
manufacturers use the same core, they need to make
adjustments to the software in order to run even the
most fundamental programs, such as toggling I/Os or
using the UART. Software cannot be ported between A
and B without some degree of rewriting, just to make
adjustments for these basic specs.

According to their definition, CMSIS provides a stan-
dardized language for accessing elements of the core,
but the silicon partners/MCU manufacturers must pro-
vide their own firmware to interface with the device
peripherals. The two most basic functions of any MCU
entail (1) how the system architecture relates to the
peripherals, and (2) how the MCU peripherals are
structured to produce the required control and/or func-
tions. This is what the manufacturer-supplied firmware
libraries help with, and is at the core of the code-com-
patibility question. Adding an abstraction layer to these
libraries will help them become more portable, but will
not address any differences in features between two
MCUs. Any advanced peripheral function cannot be
ported to another MCU if it doesn't exist, with or without
an abstraction layer. These enhancements, which the
microcontroller manufacturers create, are there to help
distinguish an MCU from the competition and help
designers make their solution better. This results in
code incompatibility.

GETTING DOWN TO SPECIFICS

The concept of an abstraction layer relates to the
design of operating systems. It creates a standard way
for the OS to access the processor on which it is run-
ning, and can make it simpler if you want to change pro-
cessors. What has to be recognized is that a processor
(Microprocessor Unit, MPU) is a core with minimal inte-
grated system components, which allows for greater
similarity between manufacturers than with MCUs.
Also, the code that is running on the processor is soft-
ware, not firmware. That is, the code is not normally
controlling any hardware. A microcontroller, on the
other hand, is a system-on-chip, which implies that
there is a much closer link between the core and the
integrated peripherals. With MCUs, the concept of an
abstraction layer makes most sense if you are looking
to run an RTOS. On the other hand, the use of an
RTOS disconnects the application code from the hard-
ware, thus removing the tight control that is normal in
microcontroller applications.

If an application is running on an RTOS, it can be
ported to any microcontroller with support for that
specific RTOS. Code developed on a Cortex-M3 micro-
controller running Micrium's µCOS II could be ported to
a MIPS M4K based microcontroller, since µCOS II is
also available on that platform. The application is iso-
lated from the hardware and, as long as the new part
has all the relevant features, porting should be
relatively painless.

On the other hand, this is not the case when there is no
RTOS. As mentioned earlier, each manufacturer will
integrate the core, memory and peripherals in its own
way. Some of these differences make it very difficult to
create a single standard abstraction layer that will work
among different manufacturers and the question is: Do
they want it to be easy?

In most microcontroller applications, this strong con-
nection between the code that is running on the core
and the hardware peripherals is critical. In fact, this
connection makes it very difficult to create any kind of
standard abstraction layer that will translate between
MCUs from different manufacturers. An abstraction
layer can help with standard functions, such as UART
or SPI. But even with a UART, the code would have to
be rewritten if the original code used a firmware library
function for a UART with a 9-bit mode, when the new
MCU does not have a UART with a 9-bit mode and,
therefore, no library function for this. To complicate
things further, in most cases it is not the standard func-
tions that define the value of an MCU, but rather its
unique peripherals that allow the designer to develop
an optimal solution. Being able to control a motor with
higher precision and safety, for example, can distin-
guish you from your competition. This is where dedi-
cated libraries come into play, making things much
more complicated.

DEDICATED PERIPHERALS AND 
FIRMWARE LIBRARIES

The peripheral firmware libraries do support all the
peripherals that are on a given microcontroller, includ-
ing standard and dedicated. But, to better support cus-
tomers, some manufacturers also supply specialized
firmware libraries for specific applications, such as
motor control, graphics, networking, etc. These spe-
cialized libraries are always proprietary and, in many
cases, contain intellectual property that cannot be
transferred between manufacturers. In most cases, the
applications in question are complicated and designers
would prefer to not have to develop the applications
from scratch. Also, manufacturers usually integrate all
of the special features that their peripherals support
into the library, making it impossible to transfer to
another manufacturer’s MCU without major
modification to the code.
 2010 Microchip Technology Inc. DS61164A-page 3
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PORTABILITY

In our example, the microcontrollers from vendors A
and B both used ARM Cortex-M3 cores, and had
CMSIS-compliant firmware libraries. Does this mean
that, for example, their motor control libraries can be
ported to each other? 

Not really. These two manufacturers take entirely differ-
ent approaches to their peripherals and firmware. Ven-
dor A uses a dedicated library of algorithms that have
been developed, probably with several man-years of
effort, to most efficiently utilize the specialized periph-
erals on its microcontroller. Vendor B, on the other
hand, has concentrated on using more generic periph-
erals and building a generic peripheral library; anything
application specific is covered by sample code and
application notes.

These two very different approaches make it very hard
to port, for example, motor-control subroutines
between the MCUs from these two manufacturers,
even though both use the same cores. Also, the library
function naming is not the same, which means that
users will have to rewrite any library function call in the
code, and figure out what variables and values to sub-
mit to the functions. Not exactly what you would call
portable.

THE BOTTOM LINE

The bottom line for designers is how quickly, efficiently
and reliably they can develop the code for a particular
end use. Vendors A and B take different approaches to
these goals. Vendor A uses a dedicated hardware-
based approach, whereas B's approach is more
focused on generic hardware. Vendor A makes avail-
able libraries for specific applications that have been
painstakingly developed to best utilize its microcon-
troller's features. Vendor B gives only the basic building
blocks and lets the developer build their own solution. 

On the question of speed and reliability, A's approach
has the advantage, since much of the application
development work has already been done and tested,
and is incorporated in its firmware library. As for effi-
ciency, A also has the clear advantage, since its soft-
ware is specifically optimized for their hardware. But,
none of these advantages has anything to do with
CMSIS or portability. The comparison of MCUs from
one vendor with other manufacturers should not be
based on abstraction layers, but rather on how well it
can be used to implement its intended end use. Those
manufacturers who develop a firmware library tailored
to their particular microcontrollers have the clear upper
hand. Designers seeking a controller could then con-
centrate on comparing how appropriate particular algo-
rithms are for their needs. Although an API like CMSIS
is useful for hiding the complexity of the hardware from,
for example, an RTOS, making a seamless interface
between the two, it in no way guarantees that the
software is portable between manufacturers. 

PHILOSOPHY

The final point is to think about the basic microcon-
troller philosophy. MCUs were developed to bring the
programmability and flexibility to control everyday
devices. This goal has been achieved by integrating a
CPU, non-volatile memory and peripherals, both ana-
log and digital. By eliminating the higher-level functions
that make computers so generic, microcontrollers can
make the most of a very small amount of hardware.
Firmware libraries dedicated to the particular peripheral
structure of an MCU dramatically reduce the time and
effort required to develop an application. As mentioned
earlier, the addition of an abstraction layer to these
libraries will help improve the development process
and make it easier to reuse the code across multiple
projects, but at a cost. There is both a code size and
performance penalty when using an abstraction layer.
Adding in an abstraction layer moves the microcon-
troller closer to being a computer. It is, in some ways,
contrary to the special qualities that form the underlying
philosophy of microcontrollers. In fact, it adds a compli-
cation to the development process by requiring that the
application adhere to the specific language
requirements of CMSIS, and it does not guarantee
code compatibility.

REFERENCES
1 www.arm.com/products/processors/cortex-m/cortex-
microcontroller-software-interface-standard.php
2 http://www.onarm.com/download/download395.asp
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