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Lesson 1 VLSI Technology

One of the key inventions in the history of electronics, and in fact one of the most
important inventions over period, was the transistor. It was invented by Bell Laboratories [
in 1948. In short, a transistor is a device that conducts a variable amount of electricity
through it, depending on how much electricity is input to it. In other words, it is a digital
switch, However, unlike the vacuum tube'®', it is solid state. This means that it doesn’t
change its physical form as it switches. There are no moving parts in a transistor.

The advantages of the transistor over the vacuum tube were enormous. Compared to the
old technology, transistors were much smaller, faster, and cheaper to manufacture. They
were also far more reliable and used much less power. The transistor is what started the
evolution of the modern computer industry in motion“*,

The transistor was originally a single, discrete device, which you could place individually
into a circuit much like any other. Today, some special-purpose transistors are still used that
way. What allowed the creation of modern processors was the invention of the integrated
circuit, which is a group of transistors manufactured from a single piece of material and
connected together internally, without extra wiring”. Integrated circuits are also called ICs
or chips.

A special material is used to make these integrated circuits. While most materials either
insulate from electrical flow (air, glass, wood) or conduct electricity readily (metals, water) ,
there are some that only conduct electricity a small amount, or only under certain conditions.
These are called semiconductors. The most commonly used semiconductor is of course silicon.

By careful chemical composition and arrangement, it is possible to create a very small
transistor directly on a layer of silicon, using various technologies to manipulate the material
into the correct form. These transistors are small, fast and reliable, and use relatively little
power. The first integrated circuit was invented in 1959 by Texas Instruments®, It contained
just six transistors on a single semiconductor surface,

After the invention of the integrated circuit, it took very little time to realize the
tremendous benefits of miniaturizing and integrating larger numbers of transistors into the
same integrated circuit. More transistors (switches) were required in order to implement more

complicated functions. Miniaturization"*

was the key to integrating together large numbers of
transistors while increasing hardware speed and keeping power consumption and space
requirements manageable.

Large-scale integration (LSI) came to refer to the creation of integrated circuits that had

previously been made from multiple discrete components. These devices typically contained
2



hundreds of transistors. Early computers were made from many of these smaller ICs connected
together on circuit boards

As time progressed after the invention of LSI integrated circuits, the technology
improved and chips became smaller, faster and cheaper.
Building on the success of earlier integration efforts, engineers
learned to pack more and more logic into a single circuit. This
effort became known as very large-scale integration (VLSI).
VLSI circuits can contain millions of transistors,

Originally. the functions performed by a processor were

implemented using several different logic chips. Intel”™ was the

first company to incorporate all of these logic components into

Figure 1.1 The first

a single chip. This was the first microprocessor, the 4004
(Figure 1. 1), introduced by Intel in 1971. All of today’s

processors are (highly advanced!) descendants of this original 4-bit CPU.

microprocessor-Intel 4004
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Lesson 2 Memory Devices

Memories can be made in mechanical, magnetic, optical, biological and electronic
technologies. Examples of magnetic memories are tapes, floppy disks, hard drives and
ferroelectric!’ RAMs. Examples of optical memories are CD-ROMs, rewrittable CDs,
Electronic memory is used extensively in computer equipment since it is the fastest available.
For applications where speed is less important, magnetic and optical technologies are often used.

All electronic memory today can be in separate IC format, module format, or can be part
of an IC as a macro-function or cell. In the table below is an overview of some electronic

memory (see Table 2. 1).

Table 2.1 Overview of Common Electronic Memory Devices

Type Properties Read/write Non-volatile Speed Cost/bit

. One-bit register. Usually used as a basic
Flip-flop o o o Yes No Ultra fast Very high
building block in digital circuits.

) Set of flip-flops holding a byte, word or long
Register ) ) Yes No Ultra fast Very high
word. Used in complex chips such as CPUs,

) Array of flip-flops that is addressable. Used
SRAM Yes No Very [ast High

for temporary storage of data or cache.

Array of storage cells which is addressable.
DRAM . . Yes No Fast Moderate
Used for main computing data storage.

Array of hard-wired cells that is addressable.
ROM ) . ) No Yes Very Fast | Low
Programming done at time of chip manufacture,

- Electrically erasable programmable ROM,
EEPROM Yes Yes Low High

Number of write cycles is limited.

Flip-flop
A flip-flop is basically a bi-state circuit in which either a 0 or 1 state can resides. Because
of its simplicity, the flip-flop is extremely fast. As a basic element, the flip-flop is used in
4



digital circuits and ICs. A flip-flop will lose its state when the supply voltage is removed.

Therefore, it is volatile.

Register
A register is a set of flip-flops in parallel. Typically a register is 8,16,32 or 64 bits wide.

Often a register is used to hold data, address pointers, etc. A register is volatile and very fast

just like the flip-flop.

SRAM (Static Random Access Memory)
An SRAM is an array of addressable flip-flops. The array can be configured as such that

the data comes out in single bit, 4-bit, 8-bit, and etc. format. SRAM is simple. fast and
volatile just like the flip-flop, its basic memory cell. SRAM can be found on microcontroller
boards (either on or off the CPU chip), where the amount of memory required is small and it
will not pay off to build the extra interface circuitry for DRAMs. In addition, SRAM is often
used as cache™® because of its high speed.

SRAM comes in many speed classes, ranging from several ns for cache applications to
200ns for low power applications. SRAM exists in both bipolar and MOS technology.
CMOS"! technology boasts the highest density and the lowest power consumption. Fast cache
memory can be constructed in BICMOS technology, a hybrid technology that uses bipolar
transistors for extra drive. The fastest SRAM memories are available in ECL (Emitter
Coupled ILLogic) bipolar technology. Because of the high power consumption, the memory size
is limited in this technology.

A special case of SRAM memory is Content Addressable Memory (CAM) ', 1In this
technology. the memory consists of an array of flip-flops, in which each row is connected to a
data comparator. The memory is addressed by presenting data to it (not an address!). All
comparators will then check simultaneously if their corresponding RAM register holds the
same data. The CAM will respond with the address of the row (register) corresponding to the
original data. The main application for this technology is fast lookup tables. These are often

used in network routers.

DRAM (Dynamic Random Access Memory)

The word *dynamic’ indicates that the data is not held in a flip-flop but rather in a
storage cell. The data in a storage cell must be refreshed (read out and re-written) regularly
because of leakage. The refresh time interval is usually 4 to 64 ms. The storage cell only
requires one capacitor and one transistor, whereas'”! a flip-flop connected in an array requires
6 transistors. In trench capacitor memory technology, which is used in all modern DRAMs.
the transistor is constructed above the capacitor so that the space on chip is ultimately
minimized. For this reason, DRAM technology has a lower cost per bit than SRAM
technology. The disadvantage of the extra circuitry required for refreshing is easily offset by

the lower price per bit when using large memory sizes.
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DRAM memory is, just like SRAM memory constructed as an array of memory cells. A
major difference between SRAM and DRAM, however, lies in the addressing technique. With
an SRAM, an address needs to be presented and the chip will respond with presenting the data
of the memory cell at the output, or accepting the data at the input and write it into the
addressed cell. With DRAM technology. this simple approach is impossible since addressing a
row of data without rewriting it will destruct all data in the row because of the dynamic

nature.

ROM (Read Only Memory)
ROMs are also called mask “~-ROMs or mask programmed ROMs. This is because a

ROM needs to be programmed by setting its cells to either 0 or 1 at the time of manufacture.
Usually the 0 or 1 is formed by the presence or absence of an aluminum line. This aluminum
pattern is defined by a lithographic mask used in one of the last steps of manufacture.
Therefore these devices are often called mask-ROMs.

The advantage of ROM is that it can be manufactured at the lowest price in high volumes.
Another advantage in some applications is that it is impossible to alter the data once the chips
are made, and that no further programming and testing are required. On the other hand, if
the data or code must be changed this can be a small disaster. The rest of the chips will end in

the dustbin and new chips will have to be made.

EEPROM ( Electrically Erasable Programmable ROM)

This means that the chip can be programmed like an EPROM, but can be erased
electrically. As a result, no UV source is required. EEPROMSs can be erased on a byte-by-
byte basis.
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