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ME1000 RF Circuit Design
Tutorial 7
Small-Signal Amplifier Design
(Solution)
This courseware product contains scholarly and technical information and is protected by copyright laws and international treaties. No part of this publication may be reproduced by any means, be it transmitted, transcribed, photocopied, stored in a retrieval system, or translated into any language in any form, without the prior written permission of Acehub Vista Sdn. Bhd.  

The use of the courseware product and all other products developed and/or distributed by Acehub Vista Sdn. Bhd. are subject to the applicable License Agreement. 

For further information, see the Courseware Product License Agreement.
​​​ Question 1
An amplifier block is characterized by the following S-parameters at 450MHz, Zo=50(: 

S11 = 0.53<120o
S21 = 3.1<-60o 

S12 = 0.05<-30o
S22 = 0.58<-75o
(a) Verify that the amplifier is unconditionally stable.

(b) Find the maximum stable gain GMS of the amplifier at 450MHz.

(c) Find the maximum power gain Gp(max) of the amplifier at 450MHz.

The input side of the amplifier is connected to a voltage source with Vs = 1<0o at 450MHz and source impedance Zs=300(.  The output is used to drive an antenna that has an impedance of ZL=85+j0 at 450 MHz.  Design proper input and output impedance transformation networks so that the amplifier can provide a power gain of Gp(max) when connected to Zs and ZL.
Solution
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The maximum power gain achiveable:

Maximum stable gain:
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Finding the required source and load reflection coefficient

[image: image17.wmf]A1

1

S11

(

)

2

+

S22

(

)

2

-

D

(

)

2

-

0.7586

=

:=


[image: image18.wmf]B1

S11

D

S22

¾

×

-

0.089

-

0.2813i

+

=

:=


[image: image19.wmf]B1

0.2951

=


[image: image20.wmf]Tsm

1

2

B1

×

A1

A1

2

4

B1

2

×

-

-

(

)

×

0.1441

-

0.4555i

-

=

:=


[image: image21.wmf]A2

1

S22

(

)

2

+

S11

(

)

2

-

D

(

)

2

-

0.8696

=

:=


[image: image22.wmf]B2

S22

D

S11

¾

×

-

0.0368

0.3618i

-

=

:=


[image: image23.wmf]TLm

1

2

B2

×

A2

A2

2

4

B2

2

×

-

-

(

)

×

0.0547

0.5375i

+

=

:=


The required source and load impedance to achieve maximum power gain:
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Finding the elements of the impedance transformation network:

For the source network:
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For the load network:
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Question 2

A transistor amplifier block is characterized by the following S-parameters at 900MHz, Zo=50(: 

S11 = 0.83<-45o
S21 = 2.75<80o 

S12 = 0.08<-21o
S22 = 0.7<-29o
(a) Plot the Load Stability Circle of the amplifier block on a Smith Chart.
(b) Plot the Constant Power Gain Circles for Gp=15, GP=30, GP=45.
Solution

Macro to convert complex number in polar form to rectangular form
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Definition of S-parameters:
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The amplifier is conditionally stable.
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Finding the Load Stability Circle parameters
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Finding the Source Stability Circle parameters
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Finding the Constant Power Gain circle parameters for Gp=15
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Finding the Constant Power Gain circle parameters for Gp=30
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