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INTRODUCTION:
THE BUILDING
BLOCKS OF
MODERN
ELECTRONICS

Every electronic device
you interact with, from
the smartphone in your
p o c k e t  t o  t h e
navigation  system  in
your car, depends on a
fundamental  decision
made by its designers:
whether  to  build  the
c i r c u i t r y  f r o m
electronic  circuits
d i s c r e t e  a n d
i n t e g r a t e d

components .  Th is
choice  shapes  the
device's  size,  cost,
power  consumption,
performance,  and
r e l i a b i l i t y .
Understanding  the
difference  between
these  two  approaches
i s  n o t  j u s t  f o r
engineers; it provides a
fascinating window into
how  technology  has
evolved  and  why  the
gadgets we use today
are so powerful yet so
compact.
A t  i t s  c o r e ,  a n y
e lect ron ic  c i rcu i t
performs  a  specific
function  by  directing
the  flow  of  electrical
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c u r r e n t  t h r o u g h
various  components.
T h e s e
components—resistors,
capacitors,  transistors,
and  diodes—can  be
assembled  in  two
fundamentally different
ways.  In  a  discrete
c i r c u i t ,  e a c h
c o m p o n e n t  i s  a
separate,  individual
part that must be wired
together,  often  on  a
printed  circuit  board
(PCB). In an integrated
circuit (IC), millions or
even  billions  of  these
c o m p o n e n t s  a r e
fabricated together on
a  s i ng l e  s l i ve r  o f
s e m i c o n d u c t o r
material,  typically
silicon. This article will
explore  both  worlds,
c o m p a r i n g  t h e i r
c h a r a c t e r i s t i c s ,
applications,  and  the
un ique  ro les  they
continue to play in the
e v e r - e v o l v i n g
l a n d s c a p e  o f

electronics.

WHAT ARE
ELECTRONIC
CIRCUITS? A
FOUNDATIONAL
VIEW

Before  diving  into  the
d i s c r e t e  v e r s u s
integrated debate, it is
helpful  to  define  what
an  electronic  circuit
a c t u a l l y  i s .  A n
electronic  circuit  is  a
closed loop that allows
electrons  to  flow,
performing  a  desired
task  like  amplifying  a
signal,  switching  a
current  on  and  off,  or
processing  data.  The
most basic elements of
any  circuit  include  a
source  of  electrical
energy  (such  as  a
battery),  conductive
paths  ( l ike  copper
traces  or  wires),  and
o n e  o r  m o r e  l o a d
components  that  use
t h e  e n e r g y  t o  d o
something  useful.
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The  specific
ar rangement  and
s e l e c t i o n  o f
components determine
the  circuit's  function.
For instance, a simple
timer  circuit  known
as a 555 timer can be
built using a handful of
discrete  resistors,
capac i to rs ,  and  a
transistor.  The  same
function  exists  inside
countless  integrated
circuits, miniaturized to
fit  inside  a  single
package.  This  dual
existence—the  same
function realized in two
completely  different
ways—highlights  the
c e n t r a l  t h e m e  o f
electronic  circuits
d i s c r e t e  a n d
integrated  design
philosophies.

DISCRETE
ELECTRONIC
CIRCUITS: THE
MODULAR

APPROACH

What
Defines a
Discrete
Circuit?
A discrete electronic
circuit  is  constructed
us ing  ind iv idua l ,
s t a n d a l o n e
components.  Each
p a r t — s u c h  a s  a
resistor, a capacitor, a
d i o d e ,  o r  a
t r a n s i s t o r — i s
m a n u f a c t u r e d
separately  and  later
assembled  onto  a
c i r c u i t  b o a r d  o r
c h a s s i s .  T h e s e
components  are  often
visible  to  the  naked
e y e  a n d  c a n  b e
handled  individually.
Before the invention of
the integrated circuit in
1958,  every electronic
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device was built  using
discrete  components.
Early radios, television
sets,  and  room-sized
computers  l ike  the
ENIAC  are  c lass ic
examples  of  discrete
circuit  technology.
The process of building
a  discrete  circuit  is
tactile  and  deliberate.
A n  e n g i n e e r  o r
hobbyist  selects  each
component  based  on
its specific rated value,
like a 1-kilohm resistor
or  a  100-microfarad
capacitor.  These  parts
are then inserted into a
PCB and soldered into
p lace ,  c rea t ing  a
permanent  electrical
connec t i on .  Th i s
modular,  hands-on
approach  is  still  used
today  in  educational
settings,  prototyping,
and certain specialized
applications.

Key
Advantag
es of
Discrete
Circuit
Design
Despite the dominance
of  integrated  circuits,
discrete  designs  offer
compelling advantages
in specific scenarios:

High Power
Handling:
Discrete
components can
be made
physically larger
to handle
significant
amounts of
current and
voltage. Power
transistors, large
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electrolytic
capacitors, and
high-wattage
resistors are
essential in
power supplies,
audio amplifiers,
and industrial
motor drives
where an IC
would simply
overheat or fail.
Customization
and Flexibility:
A discrete circuit
can be tailored
precisely to a
designer's
specifications. If
a project
requires a very
specific resistor
value or an
unusual
capacitor
configuration,
discrete
components
make this easy.
This flexibility is
invaluable during
prototyping

and research and
development.
Repairability:
When a discrete
component fails,
it can often be
individually
identified and
replaced. This is
a significant
advantage in
niche equipment,
vintage
electronics
restoration, and
mission-critical
systems where
replacing an
entire board is
not practical or
affordable.
Electrical
Isolation:
Discrete
components offer
natural physical
isolation
between
different parts of
a circuit. This
reduces issues
like crosstalk and
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parasitic
capacitance,
which can be
problematic in
densely packed
integrated
circuits,
especially at high
frequencies.

Disadvan
tages of
Discrete
Circuits
Of course, the discrete
approach  comes  with
trade-offs:

Size: Individual
components and
the space
needed for wiring
and soldering
make discrete
circuits bulky
compared to
their integrated

equivalents.
Cost for
Complexity: For
complex circuits
involving
hundreds or
thousands of
components, the
cost of individual
parts, PCB space,
and assembly
labor becomes
prohibitive. This
is where
integrated
circuits become
far more
economical.
Reliability:
Every solder joint
is a potential
failure point.
Discrete circuits
with many
connections are
statistically more
likely to fail than
a single,
monolithic
integrated circuit
that has no
external wiring
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between its
internal
components.
Power
Consumption:
Interconnect
wiring in discrete
circuits adds
parasitic
resistance and
capacitance,
often leading to
higher power
consumption
than an
optimized
integrated
design.

INTEGRATED
ELECTRONIC
CIRCUITS: THE
MONOLITHIC
REVOLUTION

What Are
Integrate

d
Circuits?
An integrated circuit
(IC),  often  called  a
m i c r o c h i p ,  i s  a
complete  electronic
circuit built on a small
piece of semiconductor
material,  typically
s i l i c o n .  T h e
revolutionary  idea
behind  the  IC  is  that
transistors,  resistors,
capacitors,  and  their
interconnections are all
f a b r i c a t e d
simultaneously through
a  series  of  chemical
and  photolithographic
processes. The result is
a  circuit  that  is  tiny,
incredibly  complex,
and highly reliable. The
i n v e n t i o n  o f  t h e
integrated  circuit  by
Jack  Kilby  and  Robert
N o y c e  l a i d  t h e
foundation  for  the
modern digital age.
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Integrated  circuits  are
categorized  by  their
function.  Digital  ICs,
s u c h  a s
m i c r o p r o c e s s o r s ,
memory  chips,  and
logic  gates,  process
binary  signals  (ones
and  zeros).  Analog
ICs,  like  operational
amplifiers  and  voltage
regulators,  work  with
continuous  signals.
Mixed-signal  ICs
combine  both  analog
and digital functions on
a single chip, which is
e s s e n t i a l  f o r
app l i ca t i ons  l i ke
a n a l o g - t o - d i g i t a l
c o n v e r t e r s  a n d
w i r e l e s s
c o m m u n i c a t i o n
systems.  The  level  of
integration  is  often
described by terms like
SSI  ( s m a l l - s c a l e
integrat ion) ,  MSI
(medium-scale),  LSI
(large-scale), and VLSI
(very  la rge-sca le
integration).

The
Unmatch
ed
Advantag
es of
Integratio
n
The  dominance  o f
integrated  circuits  in
modern  electronics  is
due  to  their  profound
advantages:

Miniaturization
: Integration
allows for an
extraordinary
density of
components. A
modern
microprocessor
can contain
billions of
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transistors on a
chip smaller than
a fingernail. This
miniaturization is
what makes
laptops,
smartphones,
and wearable
technology
possible.
Lower Cost for
High
Complexity:
While the initial
cost of designing
and fabricating
an IC mask set is
very high, the
per-unit cost
drops
dramatically
when millions of
chips are
produced. This
economy of scale
makes complex
digital circuits
astonishingly
cheap.
Enhanced
Reliability:
Because all

components and
their
interconnections
are formed
internally on a
single piece of
silicon, there are
far fewer
external solder
joints to fail. ICs
are also more
resistant to
vibration and
environmental
stress.
Reduced Power
Consumption:
The tiny size of
components and
the extremely
short internal
wiring of an IC
minimize
parasitic losses,
allowing for
operation at very
low voltages and
currents. This is
critical for
battery-powered
devices.
Improved
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Performance:
The close
proximity of
components
within an IC
enables much
faster switching
speeds and
higher operating
frequencies than
can be achieved
with discrete
components.
Signals travel
extremely short
distances,
minimizing delay.

Limitation
s of
Integrate
d Circuits
E v e n  w i t h  t h e i r
i m m e n s e  p o w e r ,
integrated  circuits
have  limitations:

Power and
Voltage
Constraints:
The tiny physical
structures inside
an IC are easily
damaged by high
voltage or
excessive
current. ICs
operate at low
voltages
(typically 1.8V to
5V) and are not
suitable for high-
power
applications.
Lack of
Customization:
An IC is a fixed-
function device.
Once
manufactured,
its circuit cannot
be changed. This
forces designers
to use ICs for
standard
functions and to
add external
discrete
components for
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unique
requirements or
adjustments.
Thermal
Management:
Concentrating
enormous
numbers of
active
components in a
tiny area creates
significant heat.
Managing this
heat with
heatsinks, fans,
or thermal pads
is a major
engineering
challenge in
high-
performance ICs.
High Initial
Cost: The cost of
designing and
producing the
photomasks for a
custom IC runs
into millions of
dollars. This
makes full-
custom IC design
feasible only for

high-volume
products.

ELECTRONIC
CIRCUITS
DISCRETE AND
INTEGRATED: A
PRACTICAL
COMPARISON

To fully understand the
l a n d s c a p e  o f
electronic  circuits
d i s c r e t e  a n d
integrated, it helps to
compare them directly
across key parameters.
The  following  points
s u m m a r i z e  t h e
practical  differences
that engineers consider
when  choosing  one
approach  over  the
other:

Component1.
Density:
Discrete circuits
are low-density;
each component
occupies its own
footprint.
Integrated



12

12 Electronic Circuits Discrete And
Integrated

2024-10-31

circuits achieve
extremely high
density, packing
millions of
components into
a tiny area.
Power2.
Capability:
Discrete circuits
excel at high
power. Individual
transistors,
resistors, and
capacitors can
handle
substantial
current and
voltage.
Integrated
circuits are
limited to low
power and low
voltage due to
their tiny internal
structures.
Design3.
Flexibility:
Discrete circuits
offer maximum
flexibility.
Components can
be swapped,

values changed,
and circuits
modified easily.
Integrated
circuits are fixed
at the time of
manufacture and
offer no
hardware
flexibility.
Manufacturing4.
Cost (Low
Volume): For
small quantities,
discrete circuits
are far cheaper
to produce
because there
are no high mask
or tooling costs.
ICs require a
significant
upfront
investment.
Manufacturing5.
Cost (High
Volume): For
large quantities,
integrated
circuits become
dramatically
cheaper per unit
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than discrete
circuits, due to
the economy of
scale in wafer
fabrication.
Reliability:6.
Integrated
circuits are
generally more
reliable because
they have far
fewer external
connections.
Discrete circuits
have many
solder joints that
can potentially
fail.
Repairability:7.
Discrete circuits
are repairable at
the component
level. Integrated
circuits are
typically
replaced as a
whole unit if they
fail, as internal
repair is
impossible.
Design Time:8.
Discrete circuit

design can be
faster for simple
projects, as it
uses readily
available parts.
Complex
systems take
much longer with
discrete
components than
with
programmable
ICs or standard
building blocks.

WHERE DISCRETE
CIRCUITS STILL
REIGN SUPREME

D e s p i t e  t h e
o v e r w h e l m i n g
d o m i n a n c e  o f
integrated  circuits  in
digital  electronics,
discrete circuits remain
irreplaceable in several
critical domains. One of
the  most  prominent
areas  is  high-power
electronics.  Industrial
m o t o r  d r i v e s ,
uninterruptible  power
supplies (UPS), electric
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vehicle  inverters,  and
welding  equipment  all
rely on discrete power
transistors  (like  IGBTs
and  MOSFETs)  and
large  capacitors  to
handle  high  voltages
and  currents.  These
functions  cannot  be
effectively  integrated
into a single chip due
t o  t h e r m a l  a n d
electrical limitations.
Another  stronghold  of
d iscrete  des ign  is
h igh -end  aud io
amplification.  Many
a u d i o p h i l e s  a n d
professional  audio
engineers  argue  that
discrete  circuits  built
with carefully selected
t r a n s i s t o r s  a n d
capacitors  produce  a
warmer,  more  natural
sound  than  integrated
operational  amplifiers.
T h e  p h y s i c a l
s e p a r a t i o n  o f
c o m p o n e n t s  i n  a
d i s c r e t e  a u d i o
amplifier  reduces

c e r t a i n  t y p e s  o f
distortion  and  noise
that  can  occur  within
the shared substrate of
an IC. This is a matter
of ongoing debate, but
i t  has  susta ined  a
vibrant  market  for
d i s c r e t e  a u d i o
components and kits.
A d d i t i o n a l l y ,
prototyping  and
education  remain
deeply  connected  to
d iscrete  c i rcu i ts .
Learning electronics is
far more intuitive when
you can physically hold
a  resistor,  bend  its
leads, and plug it into a
breadboard.  Discrete
circuit  construction
teaches  fundamental
concepts  of  current
flow,  voltage  division,
a n d  c o m p o n e n t
behavior in a way that
working  with  a  black-
b o x  I C  c a n n o t
repl icate.  For  this
r e a s o n ,  d i s c r e t e
c i r cu i t s  rema in  a
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c o r n e r s t o n e  o f
electrical  engineering
curricula  worldwide.

INTEGRATED
CIRCUITS: THE

ENGINE OF THE
DIGITAL WORLD

Integrated  circuits  are
the  heart  and  soul  of
virtually


