
This episode presents a relatively complete discussion of amplifier circuits, including the electronic devices used 
(tubes/valves, transistors (JFET, BJT, MOSFETs)). It discusses how they're biased, and how the AC behavior is 
analyzed and understood in terms of gain and input/output impedances. In keeping with previous videos in this series, 
the focus is on radio-frequency (RF) amps, but much of the theory applies to audio amplifiers as well. A few full-circuit 
schematics of radios are shown for motivation, and to illustrate variations found in real-world designs.
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Episode 3 -- RF Amplifiers

Slides downloaded from: https://ecefiles.org/rf-design/

Companion video at: https://www.youtube.com/watch?v=UUlqW-vSq9M
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RF Amplifiers



SB-102 HF SSB Transceiver



SX-535 VHF FM Receiver



Single-Chip UHF QPSK Transceiver



Topic Outline

• Triode Devices

• DC Biasing

• AC Gain and I/O Impedances

• Amplifier Configurations

• High Frequency Limitations

• Data Sheets and Example Circuits



Triode Devices
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Triode Devices
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Basic Amplifier Concept
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Tube-based RF Amplifier
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Transconductance Values

𝐴𝑣 = −𝑔𝑚 R  = − 1250 𝑥 10−6 80,000 = −100
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BJT Transconductance

𝑔𝑚 𝑣𝑎𝑟𝑖𝑒𝑠 𝑤𝑖𝑡ℎ 𝑏𝑖𝑎𝑠 𝑐𝑢𝑟𝑟𝑒𝑛𝑡
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Amplifier Design Basics are

Device-Independent
(but bias circuits and details vary)

BJT Amp

JFET Amp

Tube Amp

“Dual-gate”

MOSFET Amp



Topic Outline

• Triode Devices

• DC Biasing

• AC Gain and I/O Impedances

• Amplifier Configurations

• High Frequency Limitations

• Data Sheets and Example Circuits



Recall Amplifier Concept
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Bias current is not stable in this circuit 
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0.9V
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DC Bias
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3.0K

0.9V/180 Ohms establishes

𝑰𝒄 = 𝟓𝒎𝑨

Sufficient Vc keeps

Device in “active region”

Practical BJT Biasing Circuit

DC Block

a.k.a. “AC coupling capacitor”
(and P/O matching network)



BJT Bias Circuit Analysis

* For an RF amplifier with LC across Rc,

Vc will be equal to Vcc

*



BJT Bias Circuit Design

For an RF amplifier with LC across Rc, Vc can reach 

2 xVcc, so need to check V    breakdown spec also

*

*
CE



Some Additional Bias Circuits
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Circuit Understanding

Type equation here.
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Already have DC solution.

Focus on AC signals and

behavior now …



Core Amp AC Small Signal Model

+
_

𝑅𝑜

𝑅𝑖

Core Amp

𝐴𝑣𝑜𝑉𝑖

𝑉𝑖 𝑉𝑜

𝐴𝑣𝑜=
𝑉𝑜
𝑉𝑖

𝑤𝑖𝑡ℎ 𝑛𝑜 𝑙𝑜𝑎𝑑𝑖𝑛𝑔

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

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

simplified treatment is sufficient for this particular Radio 101 video…

Simplified equivalent circuit

of Core Amp  (@ fo)

Based on Thevenin’s theorem 

and linear systems theory
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Using the Model
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Concentrating on the Core
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Knowing Ri, Avo, and Ro is critical to:

• Interfacing with source and load

• Calculating voltage division factors

• Matching for maximum power gain

• Understanding analog/RF circuits !



Overview of Part 2

• Triode Devices

• DC Biasing

• AC Gain and I/O Impedances

• Amplifier Configurations

• High Frequency Limitations

• Data Sheets and More Example Circuits

Part 2



Amplifier Configurations Preview



Amplifier Configurations Preview



Example Circuit 1



Example Circuit 2



Example Circuit 3



High-Frequency Behavior

Common Emitter Configuration

Common Base Configuration

Transistor’s internal
capacitances
(Cbe and Ccb)



Example Datasheet



Tabular Data



Graphs and Formulas
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Thanks For 

Watching !
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