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Amplifiers homebrewing ï WHY ?

ÅLegal output power for shortwave radios at Germany is 750W,

legal limit for the United States is 1500W ï the market for high power amplifiers 

is low and in some cases electrical robustness of solid state amplifiers is poor 

= sensitive commercial amplifiers, protections lacking or even missing

ÅThe quality of commercial amplifiers could be fairly bad - spurious emissions, 

mechanically sloppy, noisy fans

= poor quality by low cost design

ÅMost commercial amplifiers are designed for smallest size, so the thermal 

interface is not able to cover long term high power transmission, not suited for 

ñcontestò use (QRO PA 18.2kg, width 40.5cm / height 20.5cm / length 34.5cm)

= low endurance at full power and 50% RX / 50% TX

2



Amplifier homebrewing ï WHY ?

TEXAS INSTRUMENTS stands for quality, performance and power;

   club radio station DL0TI will do so as well:

   DL0TI on air until March ï by tube          April 2021 ï 2x LDMOS acting now      
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Short Introduction to RF Amplifiers

ÅIn the past ï and still common in RF: TUBE AMPLIFIERS

PROôs - a tube, especially a metal ceramic tetrode is electrically robust,

   i.e. Svetlana GU-74b, suited for 1kW output power, accepts

   up to 240W reflected power short term and 120W long term

 - single variable PI filter transfers power to antenna, better 50dBc

CONôs - mechanically sensitive on shock and vibration

 - aging, tube loses vacuum over the years, needs replacement

 - typically needs preheating 90secs to 180sec

 - high plate voltage, grid voltage, heater voltage = sophisticated supply,

   in most cases less efficient linear power supplies

 - typically limited gain, +10dB..+20dB, but depending on topology
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Short Introduction to RF Amplifiers

ÅIn this day and age: SOLID STATE AMPLIFIERS (here LDMOS based)

PROôs - almost no aging of bipolar or LDMOS devices

 - mechanically robust regarding shock and vibration

 - no preheating needed, just go ON AIR as you want

 - simple reuse of 48V telecom rectifier to supply 50V devices,

   so low EMI, having PFC (no reactive power) and PSU efficiency 96%

 - better RF efficiency, especially by enabling digital predistortion

 - high gain, up to 30dB - and still linear operation

CONôs - LDMOS are extremely sensitive on overdrive (gate voltage)

   and reflected power (drain voltage), needs to be less than 50W (!)

 - needs a low pass filter per band to attenuate spurious emissions
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Short Introduction to RF Amplifiers

ÅVery first CONCLUSION to design a LDMOS RF amplifier:

- the sensitive LDMOS device has to be protected by several fast acting

  circuitries around (hw based to react in ms, NO uProc control !)

- at RF efficiency approx. 60% a reasonable thermal interface is mandatory

- filter design to achieve attenuation of spurious (< -43dBc up to 10 x f1)

- a cost effective telecom rectifier is needed

 
6



LDMOS RF Amplifier Design: Specifications

ÅIn general ï high power amplifier for amateur radio services on shortwave

ÅMust have:

 - covers all shortwave amateur bands 160m to 10m (1.8MHz to 30MHz)

 - linear amplifier to support single side band operation SSB

 - achieves 1.5kW output power without compression (legal limit US)

 - meets FCC 47 CFR 97.317 d, spurious < -43dBc (legal limit US)

ÅNice to have:

 - two exciter inputs to support

   a) SDR, low power output, typically 5W to 10W

   b) standard transceivers, power output 100W to 200W

 - 12V / 4A bias output to supply SDR directly out of PA

 - CAT interface, frequency data out of TRX selects band filter at PA

 - smart fan control to support ñsilent modeò at output power <1kW
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LDMOS RF Amplifier Design: Block Diagram
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LDMOS RF Amplifier Design: RF Power Stage

AMPLEON BLF189XRB:
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RF Power Block 2kW+:

L=41mm, 1.6 inches

250 US$ each



LDMOS RF Amplifier Design: 50V / 3kW Supply

Hua Wei R4850G2:

- Power Factor >99% (>50% load)

- THD  <5% (>50% load)

- Effcy  >95% (30% to 100% load)

- Ripple & Noise <200mVpp @ bw 20MHz

- RX/TX dynamics +/-0.5% (90% transient)

Main topic ï shielded & low noise for RF circuitry:

complies to all relevant standards regarding EMC 

in wireless systems, i.e. FCC, ETSI, EN, ITUé

Just replaced noisy fan, red funnel is a 3D print

Another topic: low cost for 3kW, 70$ at ñAliò (!)
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Rectifier 53.5V / 55A+ / 3kW:



LDMOS RF Amplifier Design: 50V / 3kW Supply

Further huge benefit of SMPS - 

UNIVERSAL INPUT RANGE

At ñField Daysò HAM radio stations are 

powered by generators; their output is 

not that well regulated as the usual grid.

Input voltage might drop as low as 

176Vac for full RF output power 1.5kW+

US grid 115Vac still allows 800W+ RF 

output power
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LDMOS RF Amplifier Design: 50V / 3kW Supply

Here linear power supplies of common tube amplifiers are lacking (!),

those supplies are not able to withstand a large input voltage variation:
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By jumpers the range needs to be set to ñlow lineò 100V, 110V or 120V

                                  or to ñhigh lineò 200V, 210V, 220V, 230V or 240V



LDMOS RF Amplifier Design: Auxiliary PSU 12V

TRACO TPP-65112

- Efficiency 93%

- Ripple & Noise <75mVpp @ bw 20MHz

- Dynamics 3% (50% to 75% transient)

- universal input 85Vac to 264Vac

Main topic ï semi shielded and low noise:

medical PSU complies to all standards 

regarding EMC, i.e. IEC, EN, ES

EN-61000-4-3, withstands RF field 20V/m

(noise immunity important inside RF amplifier)

Cost: 59$ (Mouser)
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65W PSU, 12V @ 5.42A:



Deep Dive RF, Schematics Input Circuitry :

14



Deep Dive RF, Schematics Coupler #1:

15



Deep Dive RF, Output Filter Design:

16

limited board space for SIX filters

maximum attenuation 2f1 needed

= CAUER filter (elliptic filter)

pro:

fastest transition passband to 

stopband

con:

equiripple behavior at passband 

and stopband

Frequency response curves for 5th order


