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For  students  and  engineers  delving  into  the  world  of  analog
integrated  circuits,  Behzad  Razavi’s  Fundamentals  of
Microelectronics  stands as a cornerstone textbook. Its rigorous
yet accessible approach makes it a favorite in university courses
worldwide. Among the most challenging and rewarding sections
is Chapter 11, which typically addresses the frequency response
of  amplifiers.  Understanding  this  chapter  is  crucial  because
frequency response determines how an amplifier behaves across
different  signal  frequencies—a  key  factor  in  modern  high-speed
and  radio-frequency  design.  This  art icle  provides  a
comprehensive  guide  to  mastering  the  Fundamentals  of
Microelectronics  Solution  Chapter  11,  offering  insights  into
core concepts, problem-solving strategies, and common pitfalls to
avoid.

WHAT DOES CHAPTER 11 COVER? A HIGH-LEVEL
OVERVIEW

Before  diving  into  solutions,  it’s  essential  to  understand  the
chapter’s  scope.  Chapter  11  in  Razavi’s  Fundamentals  of
Microelectronics is dedicated to the frequency response of single-
stage and multi-stage amplifiers. It builds upon the low-frequency
small-signal  models  introduced  earlier  and  extends  them  to
include  parasitic  capacitances—both  intrinsic  (like  Cgs,  Cgd  in
MOSFETs) and extrinsic (like load and wiring capacitances). The
goal is to analyze how gain, phase, and bandwidth are affected as
the input signal frequency varies.
Typical topics covered in this chapter include:

Miller effect and its impact on input capacitance
Poles and zeros in amplifier transfer functions
Frequency response of common-source, common-gate, and
common-drain stages
High-frequency models of MOS and bipolar transistors
Bandwidth estimation techniques (open-circuit time
constants, short-circuit time constants)
Cascode and differential pair frequency behavior

When  studying  the  Fundamentals  of  Microelectronics
Solution Chapter 11, students often turn solution manuals to
verify their work and clarify the step-by-step reasoning. A good
solution not only provides the final answer but also explains the
method—especially  how  to  simplify  complex  circuits  by
identifying  dominant  poles.

KEY CONCEPTS TO MASTER BEFORE ATTEMPTING
SOLUTIONS

The Miller Effect: A Quick
Refresher
One of the most important concepts in Chapter 11 is the Miller
effect.  In  an  inverting  amplifier,  the  capacitance  between  input
and output (Cgd or Cμ) is multiplied by the voltage gain (plus one),
effectively  “appearing”  larger  at  the  input.  This  drastically
reduces the amplifier’s bandwidth. Many problems in Chapter 11
ask you to  compute the equivalent  input  capacitance due to

Miller multiplication, so make sure you understand the derivation:
Cin,eq = Cgd (1 + Av) for a common-source stage with gain Av.

Poles and Zeros: The
Language of Frequency
Response
Every  amplifier  transfer  function  can  be  expressed  as  a  ratio  of
polynomials  in  s  (the  complex  frequency).  The  roots  of  the
denominator polynomial are the poles; the roots of the numerator
are  the  zeros.  In  the  context  of  the  Fundamentals  of
Microelectronics  Solution  Chapter  11,  you  will  spend
considerable time determining these poles and zeros for various
configurations.  A  single-stage common-source  amplifier  typically
has two poles (one at input, one at output) and possibly a zero
from feedforward through Cgd. Knowing how to approximate the
dominant  pole  (the  one  at  the  lowest  frequency)  is  key  to
estimating bandwidth without solving the full transfer function.

Open-Circuit and Short-
Circuit Time Constants
These methods are powerful for estimating bandwidth (or 3-dB
frequency)  in  complex  circuits.  Open-circuit  time constant
(OCT) analysis assumes that when calculating the time constant
for  one  capacitor,  all  other  capacitors  are  replaced  by  open
circuits (except for the capacitor under consideration). This gives
an upper  bound on the  bandwidth.  Conversely,  short-circuit
time  constants  (SCTC)  are  used  for  lower  cutoff  frequency  in
capacitively  coupled  amplifiers.  In  many  homework  problems
from Chapter  11,  applying OCT correctly  is  often the hardest
step—and  solution  guides  clarify  exactly  which  capacitors  to
short and which to open.

TYPICAL PROBLEM TYPES IN CHAPTER 11 SOLUTIONS

W h e n  y o u  w o r k  t h r o u g h  t h e  Fundamenta l s  o f
Microelectronics  Solution  Chapter  11,  you  will  encounter
several recurring problem families. Recognizing them early can
save you time and reduce errors.

Direct Calculation of Transfer Function: Given a small-1.
signal model with explicit capacitances, derive Vout/Vin as a
function of s. Usually involves nodal analysis and solving for
the gain expression.
Bandwidth Estimation without Full Transfer2.
Function: Use OCT or SCTC to find the dominant time
constant, then compute f3dB ≈ 1/(2πτdom).
Miller Effect Application: Find the equivalent input3.
capacitance and then the new input pole frequency for a
given amplifier circuit.
Pole Splitting: In two-stage amplifiers (e.g., cascode),4.
feedback through a compensation capacitor can split the
poles, moving one to lower frequency and the other to
higher frequency. Problems may ask you to calculate the
new pole locations.
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Comparison of Topologies: Given multiple amplifier5.
configurations (common-source, common-gate, etc.), rank
them in terms of bandwidth and gain. This requires intuitive
understanding of where poles arise.

STEP-BY-STEP APPROACH TO SOLVING CHAPTER 11
PROBLEMS

Based  on  common  solution  strategies  found  in  any  reliable
Fundamentals  of  Microelectronics  Solution  Chapter  11
guide, here is a systematic method:

Step 1: Draw the High-
Frequency Small-Signal
Model
Replace  each  transistor  with  its  high-frequency  equivalent
(including Cgs, Cgd, Cdb for MOS; Cπ, Cμ, Ccs for bipolar). Include any
load or coupling capacitors explicitly. Label nodes clearly—input,
output, and internal nodes.

Step 2: Identify the Number
of Independent Capacitors
Each  capacitor  contributes  one  pole.  However,  capacitors
connected between two nodes that  are not  grounded can be
coupled.  Use  Miller  transformation  if  the  capacitor  spans  an
inverting gain stage. For non-inverting stages, the analysis may
be different.

Step 3: Simplify Using
Approximations
In most exam and textbook problems, you are allowed to assume
dominant pole behavior. Identify which capacitor likely creates
the  lowest  frequency  pole.  Usually,  the  pole  at  the  highest
impedance  node  dominates.  Use  OCT  to  compute  the  time
constant for each capacitor while shorting other capacitors (or
opening them, depending on method).

Step 4: Write the Transfer
Function (if required)
Apply nodal analysis. Write KCL at each node. Solve for Vout/Vin. A
systematic approach: express node voltages in terms of Vin and
Vout,  then eliminate intermediate variables. The solution should
yield a rational function: H(s) = A0 (1 + s/ωz1)... / (1 + s/ωp1)...

Step 5: Compute Key
Metrics

Midband Gain (A0): Gain at frequencies where all
capacitors are shorted (or open, depending on coupling).
3-dB Bandwidth (f-3dB): Frequency at which gain drops by
3 dB from midband.
Gain-Bandwidth Product (GBW): For single-pole

systems, GBW = A0 × f-3dB.

COMMON PITFALLS AND HOW TO AVOID THEM

Even with a good solution manual,  students often repeat  the
same mistakes. By learning from these errors, you can make your
study  of  the  Fundamentals  of  Microelectronics  Solution
Chapter 11 more efficient.

Ignoring the Miller Effect: Forgetting to multiply the
gate-drain capacitance by (gain+1) leads to
underestimating input capacitance and overestimating
bandwidth. Always check if the stage is inverting.
Confusing Open-Circuit vs. Short-Circuit Time
Constants: OCT is used for upper cutoff (high-frequency
roll-off) in direct-coupled amplifiers. SCTC is for lower cutoff
in capacitively coupled stages. Using the wrong method
gives an incorrect 3-dB frequency.
Assuming All Poles are Real: In some circuits (e.g.,
cascodes with feedback), poles can become complex.
Solutions often neglect this, but be aware that bandwidth
estimates may be optimistic if overshoot occurs.
Neglecting Output Resistance: Transistors have finite
output resistance (ro), which affects both gain and pole
locations. Many students treat ro as infinite when it is not.
Unit Errors: Capacitances are often in femtofarads or
picofarads, resistances in kilo-ohms. Always convert to
base units (Farads, Ohms) before calculating time
constants to get Hertz correctly.

WHY STUDYING SOLUTIONS HELPS, BUT ONLY IF
USED CORRECTLY

A solution manual for Chapter 11 can be a double-edged sword.
Used passively—just copying answers—it teaches nothing. Used
actively, it becomes a powerful learning tool. When you review a
solution, ask yourself:

Why did they choose that particular analysis method (nodal
vs. Miller approximation)?
Did they ignore any capacitance? Why was it negligible?
How did they handle the Miller effect?
Can I reproduce the same steps on a different problem?

In the Fundamentals of Microelectronics Solution Chapter
11, you will often see multiple ways to solve the same problem.
Compare them. For example, some solutions compute the exact
transfer function, while others use the method of time constants
to  get  an  approximate  bandwidth.  Understanding  the  trade-offs
between accuracy and simplicity is a valuable skill for real-world
design.

INTEGRATING THEORY WITH PRACTICAL IC DESIGN

Frequency response is not just an academic exercise. In modern
integrated circuits, operating frequencies range from megahertz
to gigahertz. A designer must ensure that each stage in a chain
has  adequate  bandwidth  to  avoid  distorting  the  signal.  The
Fundamentals  of  Microelectronics  Solution  Chapter  11
teaches you how to  quickly  estimate bandwidth using simple
hand calculations—a skill that is indispensable during the initial
design phase.
Moreover, concepts from this chapter, such as pole splitting and
compensation, are directly applied in operational amplifier design
to ensure stability. When you later study feedback systems, you
will  revisit  these  ideas.  Mastering  Chapter  11  now  lays  the
groundwork for more advanced topics like phase-locked loops,
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data converters, and RF front-ends. ADDITIONAL RESOURCES


