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1

Introduction to Microcontrollers

This chapter studies the structure and resources found in typical micro-
controllers. It starts by introducing the concept of a microcontroller and
exploring the differences between microcontrollers and microprocessors. It
continues with the description of the resources that are available in micro-
controllers, focusing again on how they differ from the resources available
in microprocessors. The chapter then describes the von Neumann and
Harvard architectures as well as how the reduced instruction set com-
puter (RISC) and complex instruction set computer (CISC) architectures
differ in their instruction sets. It finishes by describing the most common
microcontrollers and listing their manufacturers.

1.1 Microprocessors and Microcontrollers: Characterization

Figure 1.1 shows the block diagram of a generic microcomputer. It consists
of three fundamental blocks: central processing unit (CPU), memory, and
input/output (I/O) system. These blocks are interconnected by groups
of electrical lines called buses. The buses that transport memory or 1/O
addresses are called address buses; the buses that transport data or instruc-
tions are called data buses; and the buses that transport control signals are
called control buses.

The CPU is the brain of the microcomputer, being under control of the
program stored in memory. The tasks of the CPU are to fetch the instruc-
tions stored in memory, interpret those instructions, and execute them.
The CPU also includes the circuitry necessary to perform arithmetic and
logic operations with binary data. This special circuitry is called the arith-
metic and logic unit (ALU).

In a microcomputer, the CPU is its microprocessor, which is the integrated
circuit that carries out the operations described above. A microcontroller
can be considered as a microcomputer built on a single integrated circuit
or chip. Historically, microcontrollers appeared after microprocessors and
followed independent paths. Microprocessors are mainly found in per-
sonal computers and workstations, as these require strong computational
power, and the ability to manage large sets of data and instructions at a
high speed. A very important parameter for microprocessors is the size of
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2 Microcontrollers: Fundamentals and Applications with PIC

Address Bus (16, 32 bits)

Input
CPU Memory & <:> Peripherals
output
Data Bus
(8, 16 or 32 bits)

Control bus

FIGURE 1.1
Generic block diagram of a microcomputer. Here, the CPU is the microprocessor.

their internal registers (8, 16, 32, or 64 bits), as this determines the number
of bits that can be processed simultaneously.

On the other hand, microcontrollers are used in a large variety of
applications. They can be found in the automotive industry, communica-
tion systems, electronic instrumentation, hospital equipment, industrial
equipment and applications, household appliances, toys, and so forth.
Microcontrollers have been designed to be used in applications in which
they have to carry out a small number of tasks at the lowest possible eco-
nomic cost. They do this by executing a program permanently stored in
their memory, whereas the input/output ports of the microcontroller are
used to interact with the outside world. Therefore, the microcontroller
becomes part of the application; it is a controller embedded in the system.
Complex applications can use several microcontrollers, each one of them
focusing on a small group of tasks.

The following generic requirements are important for microcontrollers
and designs using microcontrollers:

1. Input/output resources. As opposed to microprocessors in which
the emphasis is on computational power, microcontrollers put
their emphasis on their input/output resources, such as the abil-
ity to handle interrupts, analog signals, number of different input
and output lines, and so forth.

2. Optimization of space. It is important to use the smallest possible
footprint at a reasonable cost. Given that the number of pins in a
chip depends on its packaging, the footprint can be optimized by
having one pin able to perform several different functions.
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Introduction to Microcontrollers 3

3. Using the most appropriate microcontroller for a given applica-
tion. Microcontroller manufacturers have developed families
of devices with the same instruction set but different hardware
aspects, such as memory size, input/output devices, and so forth.
This allows the designer to select the most appropriate device
from a given family.

4. Protection against failure. It is critical for safety to guarantee that
the microcontroller is executing the correct program. If for any
reason the program goes astray, the situation has to be immedi-
ately corrected. Microcontrollers have a watchdog timer (WDT) to
ensure that the program is being executed correctly. Watchdog
timers do not exist in personal computers.

5. Low power consumption. Because batteries power many appli-
cations using microcontrollers, it is important to ensure the low
power consumption of microcontrollers. Furthermore, the energy
used when the microcontroller is not doing anything, for example,
when itis waiting for an action from the user like a keyboard input,
needs to be kept to a minimum. To do this, the microcontroller is
set in sleeping state until it resumes the execution of the program.

6. Protection of programs against copies. The program stored in
memory needs to be protected against unauthorized reading. To
do this, the microcontrollers incorporate protection mechanisms
against copying.

1.2 Components of a Microcontroller

Microcontrollers combine the fundamental resources available in a micro-
computer such as the CPU, memory, and I/O resources in a single chip.
Figure 1.2 shows the block diagram for a generic microcontroller.

Microcontrollers have an oscillator to generate the signal necessary to
synchronize all internal operations. Although this can be a basic RC (resis-
tance capacitor) oscillator, a quartz crystal (XTAL) is normally used due
to its high frequency stability. The frequency of the oscillator has a direct
influence on the speed at which program instructions are executed.

Similar to microcomputers, the CPU is the brain of the microcontroller.
The CPU fetches the program instructions from their locations in memory
one by one, interprets or decodes them, and executes them. The CPU also
includes the ALU circuits for binary arithmetic and logic operations.

The microcontroller’s CPU has different registers. Some of these reg-
isters are intended for general use, whereas others have a specific pur-
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4 Microcontrollers: Fundamentals and Applications with PIC

I |
| 1
| 1
: Ti Interrupt Parallel Serial Analog :
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B e s e i s e i A e T s I
FIGURE 1.2

Basic block diagram of a microcontroller.

pose. Specific purpose registers include: instruction register, accumulator,
status register, program counter, data address register, and stack pointer.

The instruction register (IR) stores the instruction that the CPU is execut-
ing. The programmer does not normally have access to the IR.

The accumulator (ACC) is a register associated with the arithmetic
and logic operations that the ALU is carrying out. When executing any
operation, one of the data needs to be in the ACC. The resulting value
is also stored in the ACC. PIC microcontrollers do not have the ACC
register. Instead, they have a working (W) register that is very similar
to the ACC.

The status register (STATUS) contains the bits that show different char-
acteristics related to the operations carried out by the ALU. These can be
the sign of the resulting value (positive vs. negative), a flag to notify if the
resulting value is zero, carry over, parity bits, and so forth.

The program counter (PC) is the CPU register where addresses of instruc-
tions are stored. Every time that the CPU looks for an instruction in the
memory, the PC is increased, pointing to the following instruction. In an
instant of time, the PC contains the address of the instruction that will be
executed next. The control transfer instructions modify the value stored
in the PC.

The data address register (DAR) stores data addresses from memory. This
register plays a major role in indirect data addressing. Different types of
microcontrollers use different specific names for the DAR. For example,
PIC microcontrollers call this register the file select register (FSR).

The stack pointer (SP) stores data addresses in the stack. The stack and
the SP register are studied in further detail in Chapter 4. PIC microcon-
trollers do not have an SP register.

The microcontroller memory stores both program instructions and data.
Any microcontroller has two types of memory: random-access memory
(RAM) and read-only memory (ROM). RAM can be read and written.
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Introduction to Microcontrollers 5

RAM is volatile memory, meaning that its data is lost when it is not pow-
ered. On the other hand, although ROM can only be read, it is non-vola-
tile. The different types of technologies used for ROM such as EPROM
(erasable programmable read-only memory), EEPROM (electrical eras-
able programmable read-only memory), OTP (one-time programmable),
and FLASH are described in detail in Chapter 3. Both RAM and ROM
are “random access” memories, meaning that the time to access specific
data does not depend on its stored location. This is opposed to sequential
access memories in which the time needed to access a specific memory
cell depends on the location of the last accessed cell.

ROM is used to permanently store the program for the microcontroller,
whereas RAM is used to temporarily store the data that will be manipu-
lated by the program. An increasing number of microcontrollers use non-
volatile memory such as EEPROM to store some of the data that is changed
only sporadically. The size of ROM is larger than the size of RAM for two
main reasons: First, most applications require programs that manipulate a
relatively small number of data. Second, RAM has a larger footprint com-
pared to ROM, and therefore it is more expensive than ROM.

Being the vehicle to communicate with the outside world, the 1I/O
resources are very important in microcontrollers. I/O resources consist
of the serial and parallel ports, timers, and interruption managers. Some
microcontrollers also incorporate analog input and output lines associated
with analog-to-digital (A/D) and digital-to-analog (D/A) converters. The
resources needed to ensure the regular operation of the microcontrollers
such as the watchdog are also considered part of the I/O resources.

Parallel ports are normally structured in groups of up to eight lines of
digital inputs and outputs. It is normally possible to manipulate each one
of these lines individually. Serial ports can be of different technologies
such as RS-232C (Recommended Standard 232, Revision C), I?C (inter-
integrated circuit), USB (universal serial bus), and Ethernet. In general, a
microcontroller will have the largest possible number of I/O resources for
the number of available pins in its integrated circuit package. To increase
the performance, one physical pin can be connected to several internal
blocks, and therefore that pin may carry out different functions depend-
ing on how the microcontroller has been configured.

1.2.1 The Watchdog

The watchdog timer (WDT) is a resource that can be found in most micro-
controllers. As shown in Figure 1.3, the WDT consists of an oscillator and a
binary counter of N bits. Although the oscillator can be the same oscillator
used by the microcontroller, it is preferable to use an independent oscillator.
The output of the counter is connected to the reset input for the microcon-
troller. The counting process can never be stopped, although the program
being executed can periodically reset the counter to its initial value.
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6 Microcontrollers: Fundamentals and Applications with PIC

Oscillator F——#=] N-pulse To 1‘nter‘nal reset
- circuitry of

counter .
‘ ’ microcontroller

Clear from
program

FIGURE 1.3
Basic watchdog diagram. Its output is connected to the internal circuitry to generate the
reset signal.

Every pulse at the output of the oscillator becomes an input to the coun-
ter. When the counter reaches its maximum value, the output of the coun-
ter becomes active and gives a reset signal to the microcontroller. The goal
of the designer is to avoid having the counter in the WDT reach its maxi-
mum value. Because, once started, the WDT cannot be stopped; the only
way to avoid the reset signal is by setting the counter back to zero from
the program that is being executed. This has to happen periodically and
faster or the WDT counter will reach its maximum value. When the pro-
gram is executed correctly, the WDT counter will never reach the maxi-
mum value. However, if the program becomes lost and stops executing
the program, the WDT counter will reach its maximum value, will send
the reset signal to the microcontroller, and the program will start execut-
ing from the beginning again. Therefore, the WDT is a critical element
in a microcontroller, as it guarantees that the program will be executed
continuously.

1.2.2 Reset Signal

Reset is an action that initializes microprocessors and microcontrollers.
This initialization happens when a specific signal (called the reset signal) is
applied to a specific pin (called the reset pin). The reset signal sets the pro-
gram counter (PC) to a predetermined value, for example, PC = 0, making
the microprocessor or microcontroller start executing the program com-
mands from that specific memory address.

In a microcomputer, the reset signal can be applied manually (for exam-
ple, when pressing a reset push button) or when the microcomputer boots
up (power-on reset). Figure 1.4 shows the schematic of a circuit used to gen-
erate the reset signal either manually or through power-on. In the figure,
Vieseris the voltage applied to the reset pin, and Vy is the threshold volt-
age for the pin. If Vyggpr < Vi, the device understands it as a logic value
of 0 (RESET = 0). If Vggspr> Vg, the device understands it as a logic value
of 1 (RESET = 1). As shown in the schematic, the reset action occurs when
RESET = 0.
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FIGURE 1.4

Manual reset and power-on reset. (a) Typical reset circuit in a microcontroller. (b) Time
evolution of voltages involved in reset signal.

The resistance (R) and the capacitor (C) make up a simple RC circuit
with a time constant T = RC. In power-on, the voltage supply charges C
through R. If 7 is large enough, Vigr is lower than Vi during the time
it takes for the voltage supply to become stable for the microcontroller to
work correctly.

In addition to these two voluntary reset actions, the microcontroller
may be unwillingly reset, for example, due to problems with its power
supply (power-glitch reset, brown-out reset) or due to an action from the
WDT. Power-glitch reset occurs when the applied voltage momentarily
falls below a certain value, so the capacitor discharges to the point that
Vieser < Vrn. The reset originated by the WDT occurs when the WDT has
not been refreshed and the output of the counter becomes active. This
normally happens when the microcontroller has stopped executing the
correct program in memory:. It is very important for the microcontroller to
generate a reset signal in this case to guarantee that the microcontroller
will start executing instructions from a known memory address instead
of reaching an unknown memory location that could damage the system.
Some microcontrollers utilize specific bits in a register to signal that a
reset action has taken place. This allows us to further investigate the rea-
sons as to why the reset took place in order to take corrective actions.

1.2.3 Low Consumption

Because batteries power most applications using microcontrollers, power
consumption has become a critical parameter. Power consumption in an
integrated circuit depends on three factors: the technology used in the
chip, the frequency of its oscillator, and the value of its voltage supply.
CMOS (complementary metal-oxide semiconductor) is the preferred
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8 Microcontrollers: Fundamentals and Applications with PIC

technology for manufacturing microcontrollers due its low power needs.
In static conditions only a very small leakage current flows through the
gates. Its power consumption is only significant when switching logic
states. Increasing the frequency of the oscillator increases the number of
switching actions, and therefore its power consumption also increases.
However, it is important to remember that in many applications the micro-
controller is just waiting for an external event, such as a key being pressed,
or an interrupt, before carrying out a task. Once finished, it returns to the
waiting state. To further decrease its power consumption, it is a good idea
to paralyze the microcontroller either totally or partially while it is wait-
ing for an external event.

The best method to paralyze the microcontroller is to stop its main oscil-
lator. This will force the main systems to be in a static mode waiting for an
external action to start it again. When this happens, the microcontroller
is said to be in idle state, power down, or sleep mode. Different microcon-
trollers have different methods to enter this low-power state. Some micro-
controllers only need to modify a determined bit from a specific register,
whereas other microcontrollers have a dedicated instruction for this pur-
pose. The only way to leave this low-power mode is by means of an exter-
nal interrupt or by a reset.

Example 1.1

8051 microcontrollers have two low-power modes: idle and power down. Any
of these two modes can be entered by setting some specific bits of the power
control (PCON) registry to 1. In idle mode, the CPU is paralyzed although
the main oscillator and the other microcontroller blocks continue working.
The microcontroller can leave this mode by means of an external interrupt
or a reset. In power-down mode, the oscillator, and therefore the complete
microcontroller, become paralyzed. It can only leave the power-down mode
by means of a reset.

1.2.4 Protection against Copying

Itisimportant to ensure the safety and protection of the information perma-
nently stored in the microcontroller’s memory and to avoid the program to
be read or copied from memory once the device has been programmed.
Microcontrollers have resources to protect programs stored in their
memory. This protection is normally optional; the programmer has to
activate it. Some microcontrollers, like the programmable integrated cir-
cuit (PIC) family, can also be configured to prohibit reading of their mem-
ory once they have been programmed. Some other microcontrollers have
open-memory architecture, that is, they allow the use of memory external
to the device. In this case, the protection is done by encrypting the infor-
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mation exchanged by the microcontroller and the external memory. This
is typical for the 8051 family of microcontrollers.

Example 1.2

Program protection in 8051 microcontrollers. 8051 microcontrollers have
open-memory architectures, allowing the use of external memory. These
microcontrollers have two levels of program protection:

Level 1: The stored information is encrypted with an encryption word that can
vary between 16 and 64 bits. The encryption is carried out using an XNOR
operation between the encryption word and the program in memory. When
the CPU reads the content in memory, it carries out another XNOR operation
with one of the encryption bits, thus recovering the original bit. This makes it
practically impossible to know the real information stored in memory if the
encryption word is unknown.

Level 2: A special registry in the microcontroller has security bits that can be
programmed to limit total or partial access to the internal program memory.

1.3 Von Neumann and Harvard Architectures

The memory of a microcomputer, microprocessor, or microcontroller stores
both data and instructions. Instructions need to move sequentially through
the CPU to be decoded and executed. Data can be read from memory by the
CPU or written in memory by the CPU. Therefore, the way that memory
is organized and the way it communicates with the CPU determines the
performance of the device. The two generic hardware models for memory
structure are called Von Neumann and Harvard architectures.

Von Neumann architecture was proposed by the mathematician John
von Neumann when he designed the Electronic Numerical Integrator and
Calculator (ENIAC) at the University of Pennsylvania during World War
II. He had the seminal idea of developing a stored-program computer.
Harvard architecture was proposed by Howard Aiken when he devel-
oped the computers known as Mark I, II, III, and IV at Harvard University.
These were the first computers to utilize different memories to store data
and instructions separately, thus being a much different approach than
the stored-program computer.

Figure 1.5 shows these two models. The von Neumann architecture
uses a single memory to store instructions and data. This means that one
unique address bus can access program instructions and data. Also, a
unique data bus can transmit program instructions and data. The CPU
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FIGURE 1.5

(@) von Neumann and (b) Harvard architectures. The von Neumann architecture uses a
single memory connected to the CPU by using a single address bus (ADDR B), a single
data bus (DATA B), and a single control bus (CNTR B). Harvard architecture uses different
memories for data and instructions connected to the CPU by an instruction address bus
(I-ADDR B), a data address bus (D-ADDR B), an instruction bus (INST B), a data bus (DATA
B), an instruction control bus (I-CNTR B), and a data control bus (D-CNTR B).

sends the same control signal to read data or to read an instruction. There
are no independent data or instructions control signals. Although ROM is
used for instruction storage and RAM is used for data storage, the CPU is
not concerned with this distinction and treats them the same way. From
the CPU point of view, both ROM and RAM make up a single memory
block to which the CPU sends control signals for addresses and data.

Harvard architecture uses different memories to store instructions and
data. The program memory has its own address bus (instruction address
bus), its own data bus (more properly called an instruction bus), and its own
control bus. Data memory has its own address bus, data bus, and control
bus independent from the instruction buses. The program memory can
only be read when data memory can be read and written.

The von Neumann architecture uses fewer lines than the Harvard
architecture, thus making a much simpler connection between CPU and
memory. However, this structure does not allow simultaneous handling
of data and instructions because there is only one bus. On the other hand,
because it has different buses, Harvard architecture allows the handling
of data and instructions simultaneously. This gives Harvard architecture
an advantage in the speed of execution of programs.
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In a microcomputer, the CPU is the microprocessor chip. Because it
combines data and program in a single memory, a CPU implemented
with the von Neumann architecture will need fewer pins and therefore
will reduce the size of the CPU. For this reason, almost all microcomput-
ers using a microprocessor have been developed using the von Neumann
architecture. However, the situation is different in a microcontroller. In
a microcontroller, the system components are located inside the same
integrated chip and therefore there is no need to minimize pins. For this
reason, Harvard architecture has been the chosen architecture for most
microcontrollers, including the PIC family.

1.4 CISC and RISC Architectures

Complex set instruction computer (CISC) and reduced instruction set computer
(RISC) are two different computer models classified according to their set
of instructions. A CISC has a complex instruction set, whereas a RISC has
a reduced instruction set.

When microprocessors and microcontrollers first appeared, the gen-
eral trend was to give them the most powerful instruction set possible.
Therefore, the CISC architecture became the prevalent mode. As time
went on, the instructions increased in complexity to the point that the
instruction set was a combination of very simple instructions (moving
data from memory to the accumulator, for example), and very complex
instructions, such as moving a chain of data between memory locations.
The length of the instructions was different, the addressing mode became
more complex, and in turn all this increased the complexity of the CPU
and its size in the chip.

The CPU in RISC architectures has a short set of simple instructions.
Each instruction carries out a very simple task (for example, moving data
between CPU and memory), but it can be done very fast. Also, all the
instructions have the same length. There are few addressing modes and
all of them can be applied to any cell. This means that the CPU will be
less complex, resulting in it being possible to increase the frequency of the
oscillator in order to increase the speed at which operations are executed.
Furthermore, as the CPU contains fewer transistors, they are less expen-
sive to design and manufacture. CISC architecture has been the chosen
mode for microprocessors and microcontrollers designed since the 1980s.
PIC microcontrollers have RISC architecture.
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12 Microcontrollers: Fundamentals and Applications with PIC

1.5 Manufacturers of Microcontrollers and Microprocessors

Different microcontrollers that have the same core, that is, that share the
same CPU and execute the same instruction set, are called a family of micro-
controllers. Different devices within a family have the same core, but they
differ in their I/O capabilities and their memory size. For example, all
the microcontrollers in the 8051 family (MCS51) have a similar CPU and
execute the same set of instructions. However, different family members
have different numbers and types of I/O ports and also different memory
types and sizes.

Microprocessors and microcontrollers are manufactured as stand-alone
devices—chips that only contain the microprocessor or microcontroller.
However, they can also be an embedded-processor core within a large den-
sity integration chip that the user will ultimately configure for a particular
use. Programmable logic devices (PLD) such as field programmable gate
arrays (FPGAs) are an example of such application. PLDs and FPGAs are
large integration density circuits in which a user can select their function
by choosing the appropriate interconnection elements. One of these ele-
ments may be the core of a microprocessor or a microcontroller that the
user can connect to part of the memory and the chosen I/O devices. This
allows the development of a custom microcontroller for a specific applica-
tion, while having the advantage that this custom device is compatible with
a standard device such as a PIC or 8051 as they both share the same core.

Several industries manufacture microcontrollers and microprocessors
in any of the methods discussed earlier. The following is a list of micro-
controller and microprocessor manufacturers, as well as of other devices
that use a similar common core.

o Actel. FPGA with 8051 and ARMY cores.

* Advanced Micro Devices (AMD). Microprocessors compatible
with xx86.
¢ Altera. FPGA with Nios II core.

* Analog Devices. Architectures for digital signal processing based
on 8052, ARM7, and other processors.

¢ Applied Micro Circuits Corp. (AMCC). Architectures based on
the PowerPC microprocessor.

¢ ARC International. Architectures based on ARC 600, ARC 700,
etc., microprocessors.

e ARM. Architectures based on ARM7, ARM9, ARM10, etc., micro-
processor cores.

e Atmel. Architectures based on Marc 4, AVR, 8051, ARM7, ARMY,
ARM11, PowerPC, and SPARC.
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e Broadcom. Processors for communications and data networks
with MIPS architecture.

¢ Cambridge Consultants. Architectures based on XAP1, XAP2,
and XAP3 core processors.

¢ Cavium Networks. Architectures based on MIPS.

¢ Cirrus Logic. Architectures based on ARM.

¢ Cradle Technologies. Digital signal processors: CT3400 and CT3600.
¢ Cyan Technology. Microcontroller eCOGIk.

¢ Cybernetic Micro Systems. ASICs with microcontroller P-51.

¢ Cypress Microsystems. Devices with PSoC (Programmable
System-on-Chip) architecture.

¢ Dallas Semiconductor. 8051-compatible microcontrollers.
¢ EM Microelectronics. Very low consumption EM6812.

e Freescale Semiconductor (from Motorola). Microcontrollers
68HC05, 68HC08, 68HC11, 68HC12, and 68HC16. DSPs. Processors
ColdFire and PowerQuicc with PowerPC core.

* Fujitsu Microelectronics America. Microcontrollers FR80,
MB9140x, and F2MC-8FX.

e Goal Semiconductor. Architectures based on 8051.
¢ Holtek Semiconductor. Microcontroller HTS.

¢ Hyperstone. Digital Signal Processors E1-32XSR/XSRU, HyNet32S,
etc.

¢ Infineon Technologies (formerly Siemens). Microcontrollers C500,
C800, C166, TriCore, etc.

¢ Infrant Technologies. Microcontrollers for data networks.

¢ Integrated Device Technology (IDT). Data Communications pro-
cessors based on MIPS architecture.

¢ Intel. Microcontrollers from families MCS51, MCS151, MCS251,
MCS96, MCS296, etc. Microprocessors xx86, IXP4xx, etc.

¢ Microchip Technology. Microcontrollers PIC (PICmicro) and digi-
tal signal controllers dsPIC.

¢ MIPS Technologies. Processors MIPS (Microprocessor without
Interlocked Pipeline Stages).

e National Semiconductor. Microcontrollers COP8 and CR16, and
microprocessors NS32000.

¢ NEC Electronics America. Microcontrollers 78K0, V850, and others.

e NetSilicon. Processors based on ARM7 and ARM9 cores.

¢ NXP Semiconductors (formerly Philips Semiconductors).
Microcontrollers with 8051, ARM7, and ARMO cores. Maxell, Ltd.
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Oki Semiconductor. Microcontrollers with ARM core.
PMC-Sierra. MIPS-based processors.
Rabbit Semiconductor. Processors Rabbit 2000 and 3000.

Renesas Technology (formerly Hitachi). Microcontrollers R8, HS,
and others.

Sharp Microelectronics. Microcontrollers BlueStreak with ARM7
and ARM9 core.

Silicon Laboratories. Microcontrollers with 8051 core.
Silicon Storage Technology. Microcontrollers with 8051 core.
STMicroelectronics. Microcontrollers with 8051 and ARMY7 cores.

Texas Instruments (TI). Digital signal processors TMS370 and
TMS470. Microcontrollers MSP430.

Toshiba America Electronic Components. Microcontrollers CISC
and RISC.

Ubicom. Microcontrollers SX, IP2000, and IP3000.

Xemics. Microcontrollers with CoolRISC core.

Xilinx. FPGA with PowerPC cores.

ZiLOG. 8-bit microcontrollers with Z8 and Z80 architectures.
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