
This is Episode 3, Part 2, but is optional, so it is placed in the Radio Design 101 video series as Appendix A.  The 
material here is not essential for design and construction of our FM radio receiver. Rather, it is provided for those who 
want more background in the analysis of small signal RF amplifiers, and the operation of transistors used in their 
design. We review Episode 3 (Part 1), and then show how BJT transistors are created and how they are modeled. The 
goal is to provide a broader foundation for those interested in different amplifier types (such as common-emitter and 
cascode), and in the underlying mathematics from which gains, input and output impedances, and operating frequency 
limitations can be understood. 

Radio Design 101

Appendix A (Episode 3 Part2) – Transistors and Amplifiers at RF

Slides downloaded from: https://ecefiles.org/rf-design/
Companion video at: https://youtu.be/m9X0mfg_8lQ

This material is provided by ecefiles.org for educational use only.

https://ecefiles.org/rf-design/
https://www.youtube.com/watch?v=UUlqW-vSq9M
https://youtu.be/m9X0mfg_8lQ
https://ecefiles.org/


Radio Design 101
Episode 3 – Part 2 (Optional ☺ )

Transistors & Amplifiers @ RF 
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Outline of this Episode
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• DC Biasing

• AC Gain and I/O Impedances
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• High Frequency Model and Limitations

Part 2

Part 1



Recall Basic Amplifier Concept
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Alternative “Common-Base” Configuration
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Practical Common-Base RF Amplifier
DC+AC Solution (From Part 1)
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Core Amplifier Circuit Analysis

• Solve DC bias to get Ic and gm

• Solve AC small signal circuit to 

find gain (and Ri, Ro), and AC 

voltages, currents

• Add two solutions to get full 
waveforms, if designed

Analysis Method
Based on superposition theory 

and linearized device models



Practical BJT Biasing (From Part 1)

*  For an RF amplifier with LC across Rc,

     Vc will be equal to Vcc

*



AC Small Signal Model
Of Voltage Amplifier Core

+
_

𝑅𝑜

𝑅𝑖

Core Amp @ fo

𝐴𝑣𝑜
𝑉𝑖

𝑉𝑖 𝑉𝑜

• Ri , Ro , and Avo depend on amplifier device, circuit configuration, and biasing.

• In general, we should use Zi, Zo, and complex frequency-dependent gain …

Simplified equivalent 

circuit (VCVS type)

Based on Thevenin’s 

theorem

𝑉𝑖

𝑉𝑜



SS Amplifier Configurations Review
(Low Frequency Formulas)

Where do these 

formulas come from ?

Let’s find out …
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BJT Transistor Structure and Physics

https://www.righto.com/2014/09/reverse-engineering-counterfeit-7805.html
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BJTs vs MOSFETs

Similarities and Differences

Bipolar Junction
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Example BJT Datasheet



Tabular Data

𝛽 ≡ ℎ𝐹𝐸

NOTE:

Current gain



Graphs



IV Curves

IC

VBE

I
C

VCE

VBE 3

V
BE 1

V
BE 2

VBEon

ICQ

𝐼𝑐 = 𝐼𝑜 𝑒
𝑉𝐵𝐸
𝑛𝑉𝑇

𝐼𝐵 =
𝐼𝐶

𝛽



BJT Linearized Circuit Model 
(at DC, low, and mid frequencies)
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NOTE:  Circuit model is a Taylor Series expansion of 𝐼𝑐 𝑉𝐵𝐸  around bias point 𝑉𝐵𝐸𝑜𝑛
, 𝐼𝐶𝑄 
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BJT Amp Small Signal AC Analysis

At “Midband” Frequencies
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Example Values

𝑟𝜋 𝑔𝑚𝑣𝑏𝑒

𝑟𝑜 𝑅𝑐 𝑅𝑙𝑜𝑎𝑑
𝑅𝑏2𝑅𝑏1

𝑅𝑠𝑟𝑐

𝑣𝑏𝑒

+

-

𝑉𝑠𝑟𝑐
𝑅𝑖 = 566

𝑅𝑜 ≅ 680

4.7K

2.2K 180

680

1.5V

5V

0.8V

Ic=4.5 mA =>   gm = 0.11A/V
𝟏𝟎𝟎

𝟎. 𝟏𝟏
= 𝟗𝟎𝟗𝒓𝝅 =

𝐴𝑉𝑛𝑜−𝑙𝑜𝑎𝑑 = −75

𝒓𝒐 ≅ ∞

75 566 680

“      “

𝐴𝑉 𝑙𝑜𝑎𝑑𝑒𝑑 < 75 𝑊ℎ𝑦?

1.9V

𝒉𝒇𝒆 ≅ 𝜷 =
𝑰𝒄

𝑰𝑩

4.7K2.2K 909 680∞
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NOTE:  Voltage amplifier model below can be derived from previous one 

using Thevenin’s Theorem

𝑨𝑽 𝒍𝒐𝒂𝒅𝒆𝒅 ≜
𝑉𝐿

𝑉𝑠𝑟𝑐
=

680
566

𝑨𝒗𝒐

Then:
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Small Signal AC Model at RF
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• Emitter, Base, and Collector are (semi) 

conducting regions

• They are separated by insulating 

“depletion” regions

• This is the basic structure of a capacitor !



Effects on Circuit Operation

• Solutions to this problem at RF include:
• Use CB or Cascode configurations instead of typical CE amp

• Use LC circuits for resonance and matching for good power gain

• Incorporate parasitic C into matching network design

560

• Cbe and Ccb create lowpass filtering 

• Ccb is magnified by “Miller Effect” 

𝑪𝒊𝒏 = 𝑪𝒃𝒆 + 𝟏 + 𝑨𝑽𝒍𝒐𝒂𝒅𝒆𝒅 𝑪𝒄𝒃

 ≈ 𝟏𝟑 + 𝟑𝟕 𝒑𝑭 @ 𝟒. 𝟓 𝒎𝑨 

⇒ 𝑍𝑖≈ −𝑗32 Ω @ 100 𝑀𝐻𝑧 !

𝑟𝜋 𝑔𝑚𝑣𝑏𝑒

𝑟𝑜 𝑅𝑐 𝑅𝑙𝑜𝑎𝑑
𝑅𝑏2𝑅𝑏1

𝑅𝑠𝑟𝑐

𝑣𝑏𝑒

+

-

𝑉𝑠𝑟𝑐
𝑍𝑖 4.7K2.2K 909 680∞

𝐶𝑐𝑏

𝐶𝑏𝑒

680



Finding Cbe and Ccb



𝑪𝒃𝒆 ≈
𝟏

𝟐𝝅
𝟏

𝒈𝒎
𝒇𝑻

− 𝑪𝒄𝒃 𝒓𝝅 =
𝟏

𝒈𝒎
𝒉𝒇𝒆𝒈𝒎 =

𝑰𝒄

𝒏𝑽𝑻

Finding  Cbe



Cascode Amplifier Solution 
(Details coming in Part 3 ?)

Common Emitter Configuration

Common Base Configuration

Transistor’s 
internal
capacitances
(Cbe and Ccb)



For More Information



For More Information
https://ecefiles.org/rf-circuits-course-notes/



Thanks For 

Watching !
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