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• “An RF power amplifier is a type of electronic
amplifier used to convert a low-power radio-
frequency signal into a larger signal of
significant power, typically for driving the
antenna of a transmitter” (Wikipedia)

•���� ����� �	
��
 � ���� ����
�  
�	���
� ������ ��	��� ��
� ���  

	���������
 ������ �����. �����
� �����  
��
 � - RF ���� ���� ������ ������ ����  

����
�.
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• Class A
• Class AB1 ,Class AB2

• Class B
• Push-Pull
• Class C
• Class D
• Class S
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Pulse Width Modulation - PWM
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Y. Pinhasi and D. Peri: "A generalized analysis of binary halftone 
representation of images", Optics. Comm. 101, (1993), 277-285
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Analog 
COMPARATOR 

1-bit quantizer 

+ 

- 

-  

x(t)  

---- ����y(t)dt  

y(t) =sgn[X(t)- ----����Y(t)dt]  
 
Digital 

 

y(t) x(t)-  

LPF
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COMPARATOR 
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Analog + 
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 Vacuum tube Bipolar transistor FET transistor 
Supply voltage: Many hundreds of Volts Ten to few tens of Volts Ten to few tens of Volts 
Type of operation:  Input voltage controls 

output current 
Input current  controls 
output current 

Input voltage controls 
output current 

Input resistivity: Very high Low Very high 
Output impedance: High [K ] Low [ ] Low [ ] 
Output Power: Watts to tens of KW Watts to hundreds of 

Watts  
Watts to hundreds of 
Watts 

Current consumption: Tens of mA up to 
Amperes 

Amperes up to Tens of 
Amperes 

Amperes up to Tens of 
Amperes 

Matching network to 
load: 

Narrow band Broadband Broadband 

Tuning: Need tune No tune No tune 
Thermal behavior:  Thermal runaway Stable 
Harmonics: Very low because of 

input output resonant 
tanks. 

High – need low pass 
filter 

High – need low pass 
filter 
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• CAS - Continuous Commercial Service

• ICAS - Intermittent Continuous Commercial Service



��

Thermionic emission (Edison effect) 
February 13, 1880

Thomas Alva Edison (February 11, 1847 – October 18, 1931)
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Kenotron 1904

Sir John Ambrose Fleming (29 November 1849 – 18 April 1945)
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Audion 1906

Dr. Lee De Forest (August 26, 1873 – June 30, 1961)

TH E  A U D I O N.*

A  N E W  R E C E I V E R  F O R  W I R E L E S S  T E L E G R A P H Y. 
Scientific American Supplement 
Part I:  No. 1665, November 30, 1907, pages 348-350. 
Part II: No. 1666, December 7, 1907, page 354-356
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Vacuum tubes
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Power beam tetrode
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Power beam tetrodes and pentodes

RCA
• 6L6 (1936) - 11W, 375V - Class A 
• 6V6 (1937) - 5.5W, 315V - Class A 
• 807 (1937) - 36W, 750V - Class AB1

• 6146 (1952) - 60W, 750V - Class AB1

• 6146B (1964) - 61W, 750V - Class AB1

• 813 – 245W, 2500V - Class AB1



1952



1964
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Class AB1 amplifier

1965 ARRL handbook "A 90 Watt All-Purpose Amplifier".
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Yaesu FT101
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Kenwood TS830
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My hybrid transmitter
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Grounded Grid Triode 
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Grounded grid
• Comparatively low (60-150 ohm) input impedance.

• Input signal is 180 degrees out of phase with the output signal, 
virtually eliminating the potential for self-oscillation and tube 
take-off.

• May be build around zero bias triodes and tetrodes, 
eliminating the necessity to design and construct a separate 
grid bias power supply.

• Operationally pass the power in excess of the drive 
requirement to the output circuit.

• Extremely easy to construct and operate.
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Directly-heated glass triodes

• 3-500Z - 750W, 3000V
• 811A - 165W, 1250V
• 572B - 400W, 2500V
- Grounded Grid, Class B

• Inexpensive, simple cathode circuit, simple cooling
system.

• Few manufacturers
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Linear amplifiers with 
Directly-heated glass triodes

• Heathkit SB-220 with 3-500Z

• Kenwood TL922 with 3-500Z

• Yaesu FL2100 with 572B

• Ameritron AL-82 with 3-500Z 
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Directly-heated ceramic-metal triodes

• 3CX1200A7

• High power output, high grid dissipation, zero-bias
operation possible.

• High filament power.
• Ameritron AL-1200 with 3CX1200A7
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Indirectly-heated ceramic-metal triodes

• 8873 - 505W, 2000V - Class AB2
• 8877 - 1520W, 2500V - Class AB2
• 3CX800A7

• Available, moderate cost, lower heater power.
• More delicate cathode.
• some tubes have low grid dissipation ratings (easily

damaged by overdrive).
• Ameritron AL-1500 with 3CX1500A/8877
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Grounded Cathode Tetrode
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Directly-heated glass tetrodes
• 4-125A – 125W

• 4-250A – 250W

• 4-400A - 400W

• 4-500A - 500W

• 4-1000A – 1,000W

- Class AB1, Class AB2
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Indirectly-heated ceramic-metal tetrodes

• 4CX250A

• 4CX800A

• ACOM 1000 with 4CX800A







Eimac - 4CM500,000G 
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Transistor 1947

John Bardeen, Walter Brattain and  William Shockley  
(AT&T's Bell Labs)
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Transistors



	�

�����	����	����	���BJT���
•��������������������	��
•	����������	������������	�����
•�	������	����
•����������	��������
•��������
���������
•�	�����	�������
•��������	�����	�����
•���	�������������������–���	����	���
•������NPN



	�

	����	������BJT
Motorola

• MRF454 - 80W, 12.5V
• MRF421 - 100W, 12.5V

Mitsubishi
• 2SC2694 - 70W, 12.5V
• 2SC2904 - 100W, 12.5V

Toshiba
• 2SC2879- 100W, 12.5V
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EB63A with MRF454



		

Binocular broadband transformers
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0

Transceivers with bipolar power transistors

• IC718 with BJT 2SC2904

• Elecraft KPA100 with 2SC2879

• ICOM 7400 with 2SC5125



��
�

�����
��������	�����MOSFET���
•���������������������������������
•	����������	������������
����	����
•����������	��������
•��������
���������
•���	��������	������������
•�	�����	�������
•��������	�����	�����
•�	��������	��������

•������Enhancement N-MOS
•������		�



1991



��
�

��	����	����MOSFET
Motorola

• MRF136 – 15W, 28V
• MRF150 - 150W, 50V
• MRF140 - 150W, 28V

Mitsubishi
• RD70HHF1 - 70W, 12.5V
• RD100HHF1 - 100W , 12.5V

• 2SC2782 - 80W, 12.5V -Toshiba
• SD2931- 150W, 50V - ST
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RD100HHF1 Linear amplifier 100W
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RD100HHF1 Linear amplifier 100W
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Transceivers with MOSFET power transistors

• ICOM 718 with FET RD70HHF1
•
• Kenwood TS2000 with RD70HHF1 

• TS590s with RD100HHF1 
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Low Pass Filters
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MRF136 , MRF136Y
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My solid state transmitter
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Bias configurations
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Amidon BALUN Ferrite cores 

BN43-7051 



��
	

Amidon BALUN Ferrite cores 

BN43-202 
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EB104

Communication Concepts, Inc.



12
8

���  ���	��  ���	��

WPEPPP TotalDiss 600600200,1 �����

%50��

W
PEP

PTotal 200,1
5.0

600
���

�



12
9

����  ����  �����  ����

WPTotal 200,1�

A
V
P

I
cc

Total
C 24

50
200,1

���

VVCC 50�



13
0

Linear amplifiers with 
MOSFET power transistors

• Ameritron ALS-600 with MRF150

• Yaesu VL1000 Quadra with MRF150
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MACOM

• MRF154 - 600W, 50V – 400$
• MRF157 - 600W, 50V

IXYS RF
• IXZ210N50L - 300W, 150V – 35$
• IXZ2210N50L - 550W, 150V

Microsemi
• ARF1500 - 900W, 125V – 250$
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Tokyo: HL-2.5Kfx HF Amplifier



35$
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Demonstrating the IXZ2210N50L
250 to 400 Watt Amplifier



��



MRFE6VP61K25HR6 1.25KW RF MOSFET

250$


