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Comment

This (2009) is a transitional year:

Next year 145abc will be reorganizedNext year 145abc will be reorganized,
145a: fundamentals (devices, analog & RF analysis, models)
145cb: RF systems at IC and system level

This year:
some students have taken 145c: 

l d h d i d lalready have device models
already know analog circuit analysis well

some students have not
must cover device models
must review some circuit analysis methods

These notes: shortened version (2009 only) of device  models 
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Transistor Circuit Design

This note set 

-reviews the basics
-starts at the level of a first IC design course-starts at the level of a first IC design course 
-moves very quickly

This will 

establish a common terminology-establish a common terminology
-accommodate capable students having minimal background in ICs. 
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DC d lDC models
DC bi l iDC bias analysis
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Large-Signal Model For Bias Analysis
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DC Bias Example: Current Mirror
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Simpler DC Model for Bias Analysis
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Simple DC Bias Example 
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Efficiently Handling Base Currents In Bias Analysis

:equationsussimultaneosolvecanone
t,singifican is drop If bbRI

I Ib1

Rc

/where
/)(2

:equationsussimultaneo solve can one

1121

β
φ eebbeeccc

II
RRIVIII −−−==+

Ib2 Ib1

Q2 Q1

Rb

it tibfi dQ i k

 ,/ where 11 βcb II =

Ree

1

2/)( solve 1)
:iterationby  find :Quicker

1 φ eeeec RVI −−=
-Vee

2/)(  solve to of  value thisuse 3)
/  solve 2)

11

11

φ
β

eebbeecb

cb

RRIVII
II

−−−=
≅ ee

bias  DChascircuit  designed-any well because Works
. upondependent y only weakl β



notes, M. Rodwell, copyrighted

ll i lsmall-signal 
b b d l ibaseband analysis
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Hybrid-π Bipolar Transistor Model
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Accurate model, but too detailed for quick hand analysis
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Oversimplified Model for Quick Hand Analysis
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In most high frequency circuits the node impedance is low and

E E

In most high-frequency circuits, the node impedance is low and 
Rce is therefore negligible.

Neglecting Rbb in high-frequency analysis is a poor approximationNeglecting Rbb in high frequency analysis is a poor approximation 
but is nevertheless common in introductory treatments.

The "textbook" analyses which follow use this oversimplified 
model. These introductory treatments will later be refined. y
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Common Emitter Stage: Basics
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Emitter Follower Stage: Basics
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Common-Base Stage: Basics
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Emitter  Follower  Output Impedance
ECE145C /218C notes, M. Rodwell, copyrighted

Common-Base Stage: Basics
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Including Bias Circuit Resistances
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Baseband Analysis Of Multistage Circuits

Q Q

For baseband analysis of multi-stage circuits, 
simply break into individual stages.

Q2
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Q3 Load impedance of the Nth stage includes the input 
impedance of  the  (N+1)th stage

Analysis is then  trivialAnalysis is then  trivial...
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ll i lsmall-signal 
b b d l ibaseband analysis
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High-Frequency Analysis: The General Problem 
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Analyzing frequency response is difficult: cannot separate stage-by-stage

Method #1: nodal analysis: accurate, general, tedious.y , g ,

Method #2: method of time constants: accurate, limited applicabilty, quick & intuitive
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N d l A l iNodal Analysis
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Tutorial: Transfer Function Analysis: Nodal Analysis I 
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Tutorial: Transfer Function Analysis: Nodal Analysis II 
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Tutorial: Transfer Function Analysis: Nodal Analysis III 
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Tutorial: Transfer Function Analysis: Nodal Analysis IV 
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Tutorial: Transfer Function Analysis: Nodal Analysis V 
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Tutorial: Transfer Function Analysis: Nodal Analysis VI 
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Fi di P lFinding Poles 
f T f F tifrom Transfer Functions
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Finding Poles and Zeros
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Finding Poles:  Complex Poles 
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Finding Poles: Separated Pole Approximation
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I t d tIntroductory 
Ci it D iCircuit Design: summary
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Gain Stages: Elementary Bandwidth Analysis

Using the oversimplified device model below, with Cpi denoting the sum of 
base-emitter depletion and diffusion capacitances, bandwidth of CE/CB/CC 
stages can be found….g
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CE Stage: Elementary Bandwidth Analysis

Rgen
RL

CL

Rc

RL

Rin

Ri is the parallel combination of Rgen, Rin, and Rpi

RLeq is the parallel combination of RL, Rc, and Ro

Note in the dominant pole (a1) the miller-multiplication of the collector base 
capacitancecapacitance
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CC Stage: Elementary Bandwidth Analysis

Rgen
CL

Rin
REE

RL

Ri is the parallel combination of Rgen, and Rin,

RLeq is the parallel combination of Ree and RL

Note that the frequency response is a mess. Given CL, the transfer function 
very often has complex poles and may show strong gain peaking hencevery often has complex poles, and may show strong gain peaking, hence 
ringing in the pulse response. 
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CB Stage: Elementary Bandwidth Analysis
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Here we have a problem. To the extent that the CB stage is modeled by a very 
very simple hybrid-pi model (explicitly, with zero Rbb), we find (by very simple 
analysis) very high bandwidth with poles having time constants equal to tau banalysis) very high bandwidth, with poles having time constants equal to tau_b, 
to tau_c, and to the product of the load resistance times (Ccb+CL). 

Note that
1) I i i i d d d D i l d ff f1) Input capacitance is indeed as noted. Does not include effect of tau_c

2) Ignoring Rbb in CB stage analysis, while appealing for simplicity (e.g. 
undergrad classes) is quite unreasonable, as CcbRbb often dominates g ) q ,
high frequency rolloff.  More regarding this later. 
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M th d fMethod of
Ti C t tTime Constants
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make revision for 2009----first before MOTC, give by summary 
without derivation the standard stage expressions

M th d f

without derivation the standard stage expressions.

then define MOTC, first and second order

Method of
Ti C t t

then show a 1-stage Darlington diff amp, and say caps to 
ground, caps between inputs and outputs.

Time ConstantsGive expression for caps to ground
Give expression for caps between in and out of general block

then use this for CD stage   Cgs only
then use this for CC stage Cbe only
then do for CE stage  Ccb only

then work the full Darlington diff ampthen work the full Darlington diff amp

then show how CE  (with degen) CB CC are same problem

then re-show stage relationship
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Finding Bandwidth: Method of Time Constants
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take a general RC network (no inductors or delays 
tau), and separate into 2 parts, network without 
capacitors, and the capacitors:
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MOTC: Separation into Capacitors &  Resistive N-port

The internal capacitor-free network is now frequency-
independent The MOTC method (not proven here) relies onindependent.  The MOTC method (not proven here) relies on 
results from n-port network theory
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MOTC: Open-Circuit Resistances
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MOTC: the Dominant Time Constant
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MOTC: Are We Saving Any Work ?

Are we saving work relative to brute-force nodal analysis:
MOTC would be of only moderate value if we had to calculateMOTC would be of only moderate value if we had to calculate
all the Ri's each time. Fortunately, most terms involve quantities 
already found in midband stage analysis: input and output 
impedances, load impedances, etc.  
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MOTC: Short-Circuit Resistances

circuited,-openportsotherall
 withoneport at  measured resistance signal small  theis 2

11R

shorted is which 2,port for except 
circuited,open portsother  all
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MOTC: The Second-Order Time-Constant
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MOTC: Working these Efficiently
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MOTC and the Miller Effect
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MOTC: port impedances between collector and base
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MOTC: Port Impedances Between Emitter & Base
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MOTC: Multistage Example

work on the board...
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E dEnd


