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11.1 AC characteristics of CS
amplifier

* A main factor to decide an AC characteristic
— QOutput capacitance
« Capacitive Load + Parasitic capacitance

— Input capacitance
 Parasitic capacitance

— Input-output capacitance
 Parasitic capacitance

(AC characteristic: The small-signal frequency response)



Parasitic capacitance
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Influence of the output capacitance
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Bode diagram of the CS amplifier
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Bias dependence of a pole frequency
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Unity gain frequency o, (= BGP)
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Influence of the input capacitance
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Influence of the mput-output
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Influence of the mput-output
capacitance (1)

by competitive current 1, and iy Normally (ry,,//r,,) < 1/g..;,

v/ \ W = Opgg
// 1 —
Vo _(rd“ "a2)8m _(rdsl /1) 8m(1— joo| @)
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mn

1, : Forward transmission signal from G to D
1, : Normally amplified signal

The balance of 1; and 1, generate the zero.
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Summary of AC characteristics
of the CS amplifier

AO (1 —Jw / wz) 2 -pole and 1-zero transfer function

v = : :
(1 T Jjw / @, )(1 AL / a)po) (The w4 1s placed in the very high
frequency, thus it 1s usually negligible.)

. The condition may not keep o ;

<o, <o, ,butitis often that

this condition 1s observed when

-20dB/Dec  8m 18 not very large

g NOTE: Pole in the left

Q) :
-20dB/Dec half plane and zero in
the right half plane

pi z po turns phase -90 degrees.
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11.2 AC characteristics of
cascode amplifier
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Influence of the input capacitance
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Influence of the output capacitance
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Comparison between Cascode
amplifier and CS amplifier
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11.3 AC performance of
amplifiers
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Simplified 1-pole model of AC
characteristic of amplifiers

A (@)=—"—=— L =
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Gain error of circuits and GBP
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precision Of circuit _% 40 dB Gain of gmpliﬁerA at o, = 60 [dB]
: If the gain error should be suppressed below
_________________________ AG/G=1%=0.01 =-40 [dB],
gain of circuit —59 20 dBI Required GBP 0, = 1[1\/IHZ]>X< 1000 = I[GHZ]
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NOTE: The gain error does not depends on . 19




Frequency dependence of the gain error

Gain of NFB amplifier (dB
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The gain error is increased
in high frequency, because
the gain A 1s reduced.

L

The large GBP guarantees
the low gain error of the
circuit in the wide
frequency range.
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GBP as a figure of merit (FOM)
of amplifiers

The high performance amplifier
means the amplifier designed for
the high GBP. The high GBP
feature required to achieve the

20 dB/Dec | wide bandwidth and high
precision of the signal processing.
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11.4 Phase compensation
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NFB (Negative Feedback)

A0—>oo

A, 1

~

Vo144, p

mn

%

out

Harold Black, US Patent 1921

1. Precise control of transfer functions and stabilization
of the gain

Suppression of the distortion

Extension of the frequency range

Suppression of the noise output to the output
Control of the input resistance and output resistance

A
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Control of the gain and bandwidth
AO
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NFB applied to multi-stage
amplifier

Mpl Mp2

Vin ;T>> . Vout

B

A A, 1

— N/

Atotal _ —
1+5-4AA4, f

(4,4, = )

The effect of NFB is remarkable for the multi-stage amplifier,
but o, and o, may be allocated in the neighbor frequency.
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Stability of the NFB circuit

Second ®, or », may causes the positive feedback and
there 1s a problem 1n the circuit stability.

A
A =A(w)A,(w)= .
A A 2stage 1( ) 2( ) (1+ja)/a)pl)(1+ja)/a)p2)
| 2stage|
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IS \ In this frequency region, the NFB

circuit works as a positive feedback
. ® (PFB) system.

NFB/PFB PFB/NFB 20



Closed loop AC characteristic
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Displacement of the pole frequency
AO

(I+s/Pw, )1+5/Q®,,)+— move the ®,; and o,

Aclosed (S ) —

P and Q are set by the addition of feedback element 3(s).

Aopen (S) — AO
1+ ﬂ(S)Aopen (s) (A+s/ @, )(1+s / W)+ P(s)A4, 1st order

A, A, /

T (+s/Po 1+5/00,) (+sie,)1+s/o,)+sY

Y = (l —1) L 4+ (i —1) I But the P and Q cannot set
P @, 0 @,, independently, because the constraint
P-Q =1 1s imposed.

We can add the feedback loop to become S (s) = Y/A,*s to
separate two pole each other by o, = Pr®,;, 0, = Q oy,

Aclosed (S ) —




Phase compensation

Phase margin > 60° — Stability of the NFB loop is
compensated for the unity gain configuration (3 = 1).

|Aclose| . AO
OAB -t mmmfmimim o TN
i i s -40dB/Dec
. Oy O N
: pl P 0) : 0
0 I u | p2
Aclose \ >
900 |- .
1800 | Phase margin=60° ::\\

w,, 22 -0, is required. 2



Phase margin of the voltage follower

1
Gain = ——
. T ’b - 1
1+ 1
A — e]'(TL'—Q)
2l - The gain of the NFB circuit exceeds

the gain of amplifier when the phase

- margin 1s less than 60 deg. This circuit
1s not stable at the unity gain
frequency.
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Design example (1)

Vi =V
IC ]in -
«— R
Ce Io = jo-C(V,, V)= jo-C,
I ' L, +1.= 0
7 v Ve .
Vi D—MWW -A Vou g, w0 Y=l
Rin Ve N %4 _4
ACom (S) =2 =
i V. 1+jw-C.R A
A(s) = 4 - —4
(I+s/o,)(1+s/w,,) (I+jo-/o,)(+jo-/o,)+ jo-CcR, 4,
p p

— _Ao
N (I+jo-/o,)) 1+ jo-/o,,)+jo-Y

Phase compensation circuit of 2-pole amplifier

NOTE: By Miller effect, C is amplified A,C, the time constant (Y) introduced
by the compensation is enlarged by Y = (A,C)R,, with the small Cc. 31



Design example (2)

+ A, =100 — 4,

A §) =
com (5) (A+s/@,)(1+s/w,,)+sC.RA,
A 4
100M M f [Hz] (I+s/Pw,)(1+s/Qw,,)
yod oy
P w, 0 @,,

If you set the parameters P =1/10, Q = 10, =CcR4,

Gain

Y:(i—l)iﬂi—l)L
P @, 0 @,
__lo-1  0.1-1
27-100M  27-1G
Y 1.27-107[s]

= R4, " 100101100 2T

=1.27-107°(s)

{ R, =100 (Q)
C.=1.27 (pF)
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