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MASTERING THE
INTERVIEW: A
DEEP DIVE INTO
VLSI PHYSICAL
DESIGN

The field of  Very Large
Scale Integration (VLSI)
is  the  engine  behind
the  modern  digital
w o r l d .  F r o m  t h e
smartphone  in  your
pocket  to  the  servers
powering  the  cloud,
every chip is a marvel
of  engineering.  Within
this  intricate  domain,
VLSI Physical Design
(PD)  s t a n d s  a s  a
critical,  high-stakes
discipline.  It  is  the
s t a g e  w h e r e  t h e

abstract  logic  of  a
design  is  transformed
i n t o  a  p r e c i s e ,
m a n u f a c t u r a b l e
g e o m e t r i c
representation.  For
engineers  aspiring  to
b r e a k  i n t o  t h i s
challenging field, or for
seasoned professionals
looking to advance, the
interview process  is  a
crucible that tests not
j u s t  t h e o r e t i c a l
k n o w l e d g e ,  b u t
practical,  problem-
solving  acumen.
W e ' v e  c u r a t e d  a
comprehensive  guide
cover ing  the  most
critical  and  frequently
asked  VLSI  Physical
Design  Interview
Questions. This article
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w i l l  n o t  j u s t  l i s t
ques t i ons ;  i t  w i l l
provide  the  context
a n d  d e p t h  o f
understanding  needed
to  deliver  confident,
insightful  answers.
W h e t h e r  y o u  a r e
preparing for a role as
a junior PD engineer or
a  sen io r  phys i ca l
des ign  l ead ,  t h i s
resource will  help you
n a v i g a t e  t h e
complexities  of  the
interview  process.

Understa
nding the
Core of
Physical
Design
Before  div ing  into
specific  interview
questions, it's essential
to  establish  a  rock-

solid  understanding  of
what  Physical  Design
entails.  At  its  core,
Physical  Design is  the
process of converting a
gate-level netlist into a
layout  that  can  be
fabricated on a silicon
wafer.  This  journey
involves several  major
steps,  each  with  its
own set  of  challenges
and  optimizations.  An
interviewer  will  first
p r o b e  y o u r
understanding  of  this
entire flow to see if you
have  a  big-picture
perspective.
The  standard  VLSI
Physical  Design  flow,
often referred to as the
RTL-to-GDSII  flow,
includes:

Floorplanning:
Defining the size
of the chip,
placing major
functional blocks
(macros like
SRAM, PLLs), and
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planning power
distribution.
Power
Planning:
Creating a robust
power delivery
network (PDN) to
ensure every
transistor
receives the
required voltage.
Placement:
Positioning
standard cells
(gates, flip-flops)
within the rows
defined by the
floorplan.
Clock Tree
Synthesis
(CTS): Designing
the network that
distributes the
clock signal to all
sequential
elements with
minimal skew
and insertion
delay.
Routing:
Connecting all
the pins of the

standard cells
and macros with
metal wires while
adhering to
design rules.
Sign-off:
Performing final
verification
checks, including
Design Rule
Checking (DRC),
Layout vs.
Schematic (LVS)
checking, timing
analysis (STA),
and power
analysis.

Being  able  to  fluently
describe  this  flow  and
the  interdependencies
between  these  stages
is  fundamenta l .  A
common  open ing
question  is  simply,
"Walk me through the
VLSI  Physical  Design
flow."
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Core
Concepts
and
Foundatio
nal

Questions
This section tackles the
bedrock  knowledge
that every PD engineer
must  possess.  These
questions  test  your
familiarity with the key
metrics and challenges
of the field.

WHAT IS THE
DIFFERENCE
BETWEEN
SYNTHESIS AND
PHYSICAL DESIGN?
T h i s  i s  a  c l a s s i c
q u e s t i o n .  L o g i c

Synthes is  i s  t he
process  of  converting
R T L  c o d e
(Verilog/VHDL)  into  a
gate-level netlist using
a standard cell library.
It  is  concerned  with
logic  optimization,
t im ing ,  and  area .
Physical  Design
takes  that  gate-level
netlist  and  builds  a
real, geometric layout.
The  key  difference  lies
in the fact that during
synthesis,  wires  are
assumed to have zero
delay  (ideal),  whereas
during physical design,
the  actual  physical
dimensions,  widths,
and  lengths  of  wires
( p a r a s i t i c s )  a r e
introduced, which have
a  massive  impact  on
per fo rmance  and
power.

EXPLAIN THE
IMPORTANCE OF A
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FLOORPLAN.
The  floorplan  is
arguably  the  most
impactful  stage of the
entire  flow.  A  poor
floorplan  can  lead  to
routing  congestion,
timing  closure  issues,
and  excessive  power
c o n s u m p t i o n .
Interviewers  want  to
hear about key aspects
like:

Macro
Placement:
Positioning large
memory blocks
and analog
blocks. These
macros generate
significant
routing
obstruction and
power demand.
They must be
placed to
minimize the
distance to their
controlling logic.
Core
Utilization: The

ratio of the area
used by standard
cells and macros
to the total core
area. A high
utilization can
lead to
congestion, while
low utilization
wastes silicon.
Aspect Ratio:
The ratio of the
core's height to
its width, which
can impact
routing and
performance.
IO Planning:
The arrangement
of input/output
pads around the
chip periphery to
match packaging
requirements.

WHAT IS
CONGESTION? HOW
DO YOU SOLVE IT?
Congestion  in  VLSI
physical  design  refers
to  a  situation  where
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the demand for routing
resources  (meta l
tracks)  exceeds  the
available  supply  in  a
specific  region  of  the
chip. This is a common
and  cr i t ical  issue.
When  asked  how  to
solve  it,  you  should
p r e s e n t  a  m u l t i -
pronged  strategy:

During1.
Floorplanning:
Adjust the
placement of
macros to
provide more
open space
(routing
channels). A bad
floorplan is the
number one
cause of
congestion.
During2.
Placement:
Using a
congestion-
aware placer.
The tool can
spread cells out
from crowded

regions, even if it
slightly increases
wirelength.
Using Cell3.
Spreading:
Many tools have
features to
deliberately
spread cells
apart in a region
to create more
space for the
router.
Layer Re-4.
assignment:
The router can
use higher metal
layers (which are
thicker and have
larger pitches)
for long routes,
freeing up lower,
finer-grained
layers for local
connections.
Logic Re-5.
synthesis: In
extreme cases,
the synthesis
tool might have
created a netlist
that is too "busy"
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in one area. A
small re-
synthesis can
reduce the
number of cells
or logic depth in
that region.

Deep
Dive
into
Timing
and
Clock
Tree
Synthe
sis
T iming  i s  the
l i feb lood  of  a
chip.  These  are

some of the most
t e c h n i c a l l y
rigorous  VLSI
P h y s i c a l
D e s i g n
I n t e r v i e w
Questions  you
will  face.

EXPLAIN
SETUP AND
HOLD TIMING
CHECKS.
T h i s  i s  n o n -
n e g o t i a b l e
knowledge.  A
s e t u p  c h e c k
verifies  that  data
launched from a
flip-flop  (FF1)
arr ives  at  the
input of a second
flip-flop  (FF2)
before  the  next
c lock  edge  at
FF2. A hold check
verifies  that  the
data  is  stable
after  the  clock
edge at FF2 for a
m i n i m u m
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durat ion.  You
must  be able  to
w r i t e  t h e
equations:

Setup
Slack =
Clock
Period +
Clock Skew
- Data Path
Delay -
Setup Time
of the
capturing
flop.
Hold
Slack =
Data Path
Delay -
Clock Hold
Uncertaint
y - Hold
Time of the
capturing
flop.

A good follow-up
a n s w e r  w i l l
naturally  include
how  to  fix
violations:  for
setup  violations,
you reduce data

path delay (using
f a s t e r  c e l l s ,
r e d u c i n g
w i r e l e n g t h ,
adding  pipeline
stages);  for  hold
violations,  you
increase  data
path delay (using
buffer  insertion,
us ing  s l ower
ce l l s ,  add ing
delay  cells).

WHAT IS THE
PURPOSE OF
CLOCK TREE
SYNTHESIS
(CTS)?
The goal  of  CTS
is to balance the
clock  signal 's
arrival time at all
s e q u e n t i a l
elements  (flip-
flops  and
latches) within a
clock  domain.
This  minimizes
c lock  skew ,
w h i c h  i s  t h e
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difference  in
a r r i v a l  t i m e
between any two
flops. A low-skew
c l o c k  t r e e
ensures that the
d e s i g n  h a s
maximum timing
margin for setup
and hold checks.
Interviewers  will
p r o b e  a b o u t
challenges like:

Skew vs.
Insertion
Delay:
Minimizing
skew is the
primary
goal, but
insertion
delay (the
total time
for the
clock to
reach a
flop) must
also be
managed
to avoid
issues with
other clock

domains.
Useful
Skew: A
technique
where
skew is
deliberatel
y
introduced
to fix setup
or hold
violations
in specific
timing
paths.
Clock
Mesh vs.
Clock
Tree: A
mesh
provides
lower skew
but
consumes
more
power and
area; a
tree is
more
power
efficient.
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Routin
g,
Power,
and
Design
for
Manufa
cturabi
lity
(DFM)
These  top i c s
move  beyond
pure  timing  and
into the physical
realities of silicon
creation.

WHAT ARE THE
DIFFERENT
TYPES OF
ROUTING
STEPS?
The routing step
itself  is  typically
broken down into
two or three sub-
steps:

Global1.
Routing
(GR): This
is a coarse
routing
step. It
divides the
chip into a
grid of
global
routing
cells (g-
cells) and
decides the
general
path each
net will
take
through
these cells.
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It does not
assign
exact
metal
tracks but
allocates
resources.
Track2.
Assignme
nt: This
assigns the
routes to
specific
metal
tracks
within the
global
routing
bays.
Detailed3.
Routing
(DR): This
is the final,
precise
step that
creates the
exact,
design-
rule-
compliant
wires for
every net.

It resolves
all overlaps
and
violations.

WHAT IS
ELECTROMIGRA
TION (EM)
AND HOW IS IT
DEALT WITH?
Electromigratio
n  is  a  wear-out
p h e n o m e n o n
w h e r e  t h e
m o m e n t u m
transfer  f rom
e l e c t r o n s  t o
metal atoms in a
wire  causes  the
atoms  to  move.
This  can lead to
open  c i rcu i ts
(where  atoms
move  away)  or
short  c i rcuits
(where  atoms
accumulate). It is
a major reliability
c o n c e r n .
Designers  deal
with  it  by:
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Wider
Wires:
Increasing
the width
of a wire
reduces
the current
density
(current
per unit
area),
which is
the
primary
driver of
EM.
Multiple
Vias:
Using
redundant
vias to
connect
metal
layers. A
single via
can be a
weak point
for EM.
Layer-
Specific
Rules:
Higher

metal
layers are
thicker and
can handle
more
current.
The
foundry
provides
specific
current
density
limits for
each layer.
EM-Aware
Routing:
Today's
EDA tools
have
algorithms
that avoid
creating
long,
narrow,
high-
current
wires,
especially
in the
power
network.
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EXPLAIN THE
IMPORTANCE
OF ANTENNA
RULES.
During  plasma
etching  steps  in
fabricat ion,  a
long  metal  wire
can  ac t  as  an
a n t e n n a ,
collecting charge
and  causing  a
d a m a g i n g
voltage  spike  to
the gate oxide of
a  transistor  it  is
connected  to.
The  Antenna
Ratio is the ratio
of metal area to
gate area. If this
ratio is too high,
the gate could be
destroyed.  Fixes
include:

Adding a
Diode: A
reverse-
biased
diode
placed

near the
gate can
safely
discharge
the
current.
Jumper
Insertion:
Breaking
the long
metal wire
with a via
to a higher
metal layer
to
physically
disconnect
the
antenna
during the
lower
layer's etch
step.
Antenna-
Aware
Routing:
The router
can be
instructed
to avoid
creating
long,
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isolated
metal
stubs on
critical
layers.

Advanc
ed
Topics
and
EDA
Tool
Aware
ness
A s  y o u  g a i n
e x p e r i e n c e ,
interviewers  will
expect  you  to
k n o w  a b o u t
specific tools and
a d v a n c e d
o p t i m i z a t i o n

techniques.

WHAT ARE THE
KEY
DIFFERENCES
BETWEEN A
"SYNOPSYS"
AND A
"CADENCE" PD
FLOW?
While  the  core
concepts are the
same,  the  tool
commands  and
methodologies
differ.  For
e x a m p l e ,
Synopsys  uses
ICC2  (Fusion
Compiler)  with
commands  like
create_floorp
l a n ,
p l a c e _ o p t ,
clock_opt,  and
route_auto .
Cadence  uses
Innovus  with
commands  like
f l o o r P l a n ,
placeDesign ,
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ccopt_design,
a n d
routeDesign .
An  experienced
candidate  can
s p e a k  t o  t h e
idiosyncrasies  of
each  tool,  such
as how Synopsys
t o o l s  h a n d l e
m u l t i - v o l t a g e
domains  or  how
C a d e n c e ' s
" N a n o m e t e r
T e c h n o l o g y "
features optimize
for lower nodes.

WHAT
TECHNIQUES
ARE USED TO
REDUCE
DYNAMIC
POWER?
Dynamic  power,
g i v e n  b y  t h e
equa t i on  P  =
αCFV², is a huge
c o n c e r n  i n
modern  designs.
The key variables

are:
Clock
Gating:
The most
effective
technique.
It disables
the clock
to a group
of flops
when they
are not in
use,
preventing
unnecessar
y toggling.
Power
Gating:
Shutting
off the
entire
power
supply to a
block
(using a
header or
footer
switch)
when it is
in sleep
mode.
Multi-Vt
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Cells: Using
multiple


