


Amplifier Transfer Function (Ch. 6.4)
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« Voltage-gain frequency response of amplifiers seen so far take one of two forms
— Direct-Coupled (DC) amplifiers exhibit low-pass characteristics

- flat gain from DC to o,

— Capacitively-coupled amplifiers exhibit band-pass characteristics — attenuation at low
frequency due to impedance from coupling capacitances increasing for low frequencies

«  We will focus on the high-frequency portion of the response (o)

— Gain drops due to effects of internal capacitances of the device
« Bandwidth is the frequency range over which gain is flat

- BW=o0,0r o0 ~ o, (0 >>0))
+ Gain-Bandwidth Product (GB) — Amplifier figure of merit

- GB=A,04

where A, is the midband gain
—  We will see later that it is possible to trade off gain for bandwidth



Gain Function A(s)

We can represent the frequency dependence of gain with the following
expression:

A(S) — AMFL(S)FH(S)

— Where F|(s) and Fy(s) are the functions that account for the frequency
dependence of gain on frequency at the lower and upper frequency ranges
«  We will use open-circuit time constant method to find F(s)
« Assume F (s) =1 for now
— We can solve for Ay, by assuming that large coupling capacitors are short

circuits and internal device capacitances are open circuits (what we have
done so far for low-frequency small-signal analysis)



High Freguency Response

We can express function F(s) with the general form:

F*(S)=:(1‘FS/wZI)tl*_S/wzz)“~(1—ks/wZn)
H (14 s/wp1)(1+ s/wps) -+ (14 s/wpp)

Where o, and o, represent the frequencies of high-frequency poles and zeros

The zeros are usually at infinity or sufficiently high frequencies such that the numerator 2> 1
and assuming there is one dominant pole (other poles at much higher frequencies), we can
approximate the function as... 1

(14_8/wfq)####,ff”’f'

— This simplifies the determination of the BW or o,

If a dominant pole does not exist, the upper -3dB frequency o, can be found from a plot of
|F(jo)|. Alternatively, we can approximate with the following formula

FH(S): Wi = wpq

1
WH =
1 1 2 2
\/w2 + w2 + w2 w2

r1 ri1

— Note: if op, is @ dominant pole, then reduces to o =og,
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Open-Circuit Time Constant Method

« |t may be difficult to find the poles and zeros of the system (which is usually the
case). We can find approximate values of oy using the following method.

— We can multiply out factors and represent F(s) in an alternative form:
B l4+ais+ass?+---+a,s"
 14+bys+bys2+---+b,s”

— Where a and b are coefficients related to the zero and pole frequencies
— We can show that

FH(S)

and b, can be obtained by considering the various capacitances in the high-
frequency equivalent circuit one at a time while reducing all other capacitors
to zero (or open circuits); and calculating (summing) the RC time constants
due to the circuit associated with each capacitor.

— This is called the open-circuit time constant (OCT) method




Calculating OCT

The approach:

For each capacitor:
— set input signal to zero
— replace all other capacitors with open circuits
— find the effective resistance (R,,) seen by the capacitor C,

Sum the individual time constants (RCs or also called the open-circuit time
constants) o

by = Z CiR;o
i1

This method for determining b, is exact. The approximation comes from using
this result to determine o.

1
oy = =
Z?:h; CiRio

— This equation yields good results even if there is no single dominant pole
but when all poles are real

We will see an example of this method when we analyze the high-frequency
response of different amplifier topologies



Using OCT on CS Amplifier (Ch. 6.6)

Find the RC time constants associated with Cy4 and C in the following circuit

gd

RS
| =
+__ gmvgs + UO
| _T R A = = =—gm(Bp|lro)
1

Replace C 4 with an open circuit and find the resistance seen by C
R

Utst
qu == == RS

1tst

<4 o

3
AN
+ ImVgs gs
Vist it Rullro
Tgs — Rgscgs - Rscgs

Replace C,, with an open-ckt and find the resistance seen by C4

R st bist = _UQS/RS
B N\ . Ugs + Utst
VW @ . st — GmUgs %
= Ttst + gmvgs + L ‘ |Jr0
Vs <¢> RIr, Vo Rgd = ?Jtst/?:tst
- (RLHTO) + ngs(RLHTO) + Rs

= [(RL”TO) + ngs(RL‘ ‘?’0) + Rs] ng



OCT on CS (Cont.)

« Summing the two time constants yields o

1

Tgs T Tgd

WH
1
Rsogs + [(RL“TO) + ngS(RLHTO) + Rq] ng

12

WH

— From the above equation, it is not difficult to imagine that C_, has a more
significant effect on reducing BW

— The resulting frequency dependence of gain is...

C s/wg +1

A(s)

« Let’'s compare this result with what we get using Miller’s theorem



Using Miller’'s Thm on CS Amp.

Redraw the high-frequency small-signal model using Miller's theorem

Rs R{C — RLHTO
MV °
+ Coa(1+9,R)) OrVgs +
Vi Vgs Cgs /’:: RLI VO
- Coal1+1/(9,, R -
~= ng
e -_— - - - -
NN/
CT
— Assuming a dominant pole introduced by C,, in parallel with C
N 1 1
W o= =

[CQS T ng(l + g‘meL” RS B CTR,s

—  Miller multiplication of ng results in a large input capacitance

Notice that this approximation for o is close to the approximation found using OCT
assuming that R,C,4(1+9,,R ) dominates

Let’s verify these two approaches by deriving the exact high-frequency transfer function of
the CS amplifier



!-| HF Response of CS Amp.



ﬁ HF Response of CS Amp. (Cont.)



ﬁ Summary of 3 Approaches



ﬁ Summary (CS amp.)



ﬁ Summary (CS amp. Cont.)



ﬁ CS/CE with Active Load (Ch. 6.5)

IC transistor (active load)
Why?




ﬁ CMOS implementation of CS Amp.



ﬁ CE amp with active load



ﬁ CG/CB Amp. with Active Load (Ch. 6.7)



ﬁ CG/CB withR, =
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ﬁ Output Resistance of CG amp.



ﬁ Summary of CG amp. with Active Loads



ﬁ HF response of CG amp.
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ﬁ Summary (CG amp.)



ﬁ Homework (Due: 10/2)

Problems 6
6.46
6.52
6.66
6.67
6.70



