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a) Common source tuned amplifier:
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There are two ways to investigate the frequency characteristics:

a) Calculate the magnitude and the phase of the gain

as functions of the frequency.

b) Use the pole-zero diagram of the gain function.

(useful to investigate multi-stage, stagger-tuned and double-tuned circuits)
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For ‘SO‘ 1 @, and w, ] o 1n the vicinity of @,;
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Gain at resonance frequency:

With ‘S—Spl‘ =0=0,/20, ;
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The Miller effect on the input admittance
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e The input conductance at resonance: Re{y,,(@,)} = e

e The input conductance above resonance 1s always positive.

e Below the resonance frequency, the input conductance

has a frequency dependent negative component.

e The input susceptance 1s capacitive and frequency dependent.

e [f the amplifier is driven by another tuned amplifier;
- Its frequency characteristic skews (becomes asymmetric).

- There 1s a risk of oscillation due to the negative conductance.
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Example: AMS 035, 200/0.35, Voo = 3V, Ves =0.8V, L = 10 nH, C = 2.34 pF, Qefi = 15.9
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(A) Input capacitance, (B) Input conductance, (C) Voltage gain.
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The cascode tuned amplifier
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The comparison of the common source and the cascode amplifiers:
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The obvious advantages of the cascode circuit:

- The mput capacitance 1s almost constant in the entire frequency band.

- The input conductance is positive and almost constant.

(no adverse effect on the load resonance circuit of the previous stage)

- The bandwidth is smaller (the selectivity is better)
thanks to the higher output resistance, consequently higher O, ..

- Higher voltage gain due to the higher Q.
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Cascaded tuned stages and staggered tuning

Cdg S(S_SO) N_Cdg S()

T C (S—Spl)(S—sz): 2C (s—s,)

Av(a)O) — _g'mlaeﬁf > Qeﬁ = a)OCReﬂ

@, 1 |

A=A s (pl)zgeﬁ (5-5,)

Gain of the cascaded n 1dentical stages:
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Band-width of the cascaded » i1dentical stages:
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Normalized gain (dB)
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Gain for cascaded n non-identical stages

1

@ @
vT— vl( 1) Avn( pn) S =

2Qeﬁ1 2Qeﬁn (S_Spl)”.(S_Spn)

Important typical pole distributions:

a) Butterworth type pole positioning for

maximally flat frequency response.

b) Chebyshev type pole positioning for
equi-ripple response with steeper side-walls
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Typical Butterworth and Chebyshev type characteristics
having the same relative bandwidth

Magnitude (dB)
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2, 3 and 4 pole Butterworth type pole distributions:
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Approximate expressions for 2Aw [ @ :
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Converting Butterworth poles to Chebyshev poles
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r (dB)

0.05
0.1
0.2
0.3
0.4
0.5

n=~>2>

0.898
0.859
0.806
0.7677
0.736
0.709

(tanh ) forn =2, 3,4

and various ripple values

n=23

0.750
0.696
0.631
0.588
0.556
0.524
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Example: Two-stage stagger-tuned amplifier

©2012

Voltage gain: =40 dB

Center frequency: f, =900 MHz
Band width: B =120 MHz
Response: Butterworth type
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One of the stages
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0 :\/5-0)1: 1 f
D Aw 2 A

1 857.6
Ql(eﬁ):ﬁ s =10.1
1 942.4:11.1

Qo) = \/5 60

QO enhancement is necessary for both!

1 1 1 1 1 1 1 1
= + + — = R
Oy 9 9 On O, 101 10 40
RN1 — QNI : C()OL =-2154.5 ohm

> 0, =-38.5

Similarly; R, =—-1617.3 ohm
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Voltage gain per stage: |4 |=10

Ay ==& Rpyep)

R,y = Oy - Loy =10.1x(10x107) x (22 x900x10”) = 571 ohm
g . = 51—701 =17.5 mS

Similarly;

R, =027 70hm — g =16 mS
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I st Stage:

g  =17.5mS
g L
g =2 C . WILI, — W-I,= 2;:(? -

C =82x10""F/cm®

1, =326cm’/V.s — u =196 cm®/V.s for V=1V

\J

W-I,=171x10": I, =1mA; W =171 um (excessive parasitics)
I, =2mA; W =85.7 um (preferred)
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V., for I, =2 mA:
) 2x(2x107)
(VGS_VT) - 7
196x(8.2x107")x(85.7/0.18)

=0.052 > V. =055V

]D
(mA)
With DC sweep:
— 2
V..=0.62V
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0 ==
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Check the DC operating point (the saturation control) for M1 with W, =W,

VDS 1 (V)

0.4 0.5 0.6 0.7 Vs (V)
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Capacitors:

- Resonance capacitance of the first stage:

(Parasitics and the load cap. included)

C - 1 1
v 'L (2rx857.6x10°)* x(10x107)

=3.44 pF

- Resonance capacitance of the second stage:

(Parasitics and the load cap. included)

C, == : =2
WL (2rx942.4x10°)* x(10x107°)

85 pF

- Coupling capacitor for <1% signal loss:
C, 2100xC. ,
C, >100x [(W1 x LxC )+CGSO x Wl] =2.66 pF
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pSpice Simulation results

Frequency characteristics: (A) First stage, (B) Second stage, (C) Total

Voltage gain (dB)
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The classical solution for 2nd order
Butterworth or Chebyshev characteristics:
Use of coupled, double tuned circuits.

V;=L1§éL2=CZ VI=L]§gL2=W
7 7,
Cy
(a) (b) (c)
(a) Magnetic coupling.
(b) Capacitive voltage coupling.
(c) Capacitive current coupling.
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Transfer impedance of a magnetic coupled double tuned circuit:

5 B sM
I, (+srC +s’LC)(A+srC,+s’L,C,)—s*"M*CC,
1 1 1 1
a)g — o . Ql = — . Q2 o
LC, LG, w,Cr; @, C,r,
V, sM 0,0,0,

I, (50 +sw, + 020)(5°0, + sw, + 02 0,) - s* k0,0,
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Denominator polynome with s*Q,.Q,(1-k*) =s*0,0,(1-k)(1+k) :

(SO (1-k)+50, +0,Q) || (5°0,(1+ k) + 50, + 0,0, |

Poles:

. ®,  _
=000 g- k)\/4Q1(1 o~

. @) -
2T 0w o k)\/4Q2(1+k) 1
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For small £ values; 4Q12 (1-k)0 1, 4Q22 (1+k)0 1
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With (1-k)=1,(1+k)=1 and 1/\1-k =21+(k/2),1/N1+k=1—-(k/2) ;

, w,  _ . ( kj
58, = — + jo,| 1+—
2Q1(1_k) 2
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For a Butterworth or Chebyshev response
the real parts of the poles must be equal:
@ @,
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Positions of the poles for a Butterworth characteristic:

AJO

................... T/24+3 w 2A®

= k:l

Q
2A0)=2X(\/§‘a‘)=\/§% = B:2Af:\/§g
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Positions of the poles for a Chebyshev characteristic:

AJ©
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Example: r=0.5dB — tanha =0.709 = 1

J2

1 A2 _
k_thanha: O ~ kQ_\/E

x Leoh
B=v2 fotanhaQ 2Q
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Problem 4-6 (Simulation result)

v2/ Vin (dB)

20 T~

16 \

12 \
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Problem 4-6. (Simulation results for +20 % tolerance of k)

v2/ Vin (dB)
20 =T =
l' \\
II ) \
16 f— ~—\
/ 1 v\
. AN
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Transformation formula to apply the expressions

derived for magnetic coupling to capacitive coupled circuits:

a) For capacitive voltage coupling:
k
a)(? L1L2

C =-

k

b) For capacitive current coupling:

1

kew? L, L,

C, =-
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