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Amplifiers are designed for:Amplifiers are designed for:

• Gain 
• Low noise 
• Wideband
• Power
• Efficiency
• Linearity• Linearity
• All above have different design procedure and requirements



Select part and start with S parametersSelect part and start with S parameters



Touchstone s2p file, and noise parametersTouchstone s2p file, and noise parameters



Basic amplifier design stepsBasic amplifier design steps

• Amplifier max. gain design, unilateral S12 = 0, or bilateral conjugate match 
• Stability  circle, amplifier must be unconditional stable.
• Find optimum impedances for desired Gain,
G t f l N i Fi d G l dGamma opt. for low Noise Figure, and Gamma load.

• Match device with appropriate network circuits.
• Optimize LNA, it is trade off between NF, Gain, and Stability.p , , , y
• Design LNA with S parameters and set of equation’s, is tedious and time 
consuming but it is necessary to understanding design procedure.
C t i l ti ft ti d t b tt lt• Computer simulation software, save time and get better results



Basic equations, conjugate gain amplifier 
happroach



Stability, Gain, NF circles simulationStability, Gain, NF circles simulation



Load pull stability methodLoad pull stability method



Using CalculatorUsing Calculator



Starting pointStarting point 



Input matching with ideal lumped elementsInput matching with ideal lumped elements 



Gain amplifier simulation with ideal lumped 
components



Ideal components to Microstrip conversionIdeal components to Microstrip conversion



Microstrip input matchingMicrostrip input matching



Radial stub CalculatorRadial stub Calculator



Bias circuit, quarter lambda high impedance 
i i li d di l b imicrostrip line and radial stub ‐capacitor



Bias simulationBias simulation



Input microstrip matching, bias incorporatedInput microstrip matching, bias incorporated



Input matching completedInput matching completed



Conjunctive load matching impedanceConjunctive load matching impedance   



LNA final schematicsLNA final schematics



PCB LAYOUTPCB LAYOUT



Final simulation resultsFinal simulation results



Computer optimization and final stepsComputer optimization and final steps

• Add coupling capacitors, connectors and optimize again
• EM test, simulate microstrip with substrate and real parts,  enclosure 
eigenmode, cover above traces, connector transition, crosstalk 

• Layout and creating Gerber file• Layout and creating Gerber file
• Prototyping
• TestingTesting 
• In reality, always lower gain and higher noise figure



LNA Testing and Construction HintsLNA Testing and Construction Hints



LNA test with VNALNA test with VNA



Rollet stability factor, K‐factor test with VNA.
Thi h ld b f d i hThis test should be performed with any amp.



Noise Figure and Gain measurementsNoise Figure and Gain measurements



3CM LNA schematics3CM LNA schematics



Active Bias circuit, positive and negative 
l f f G A F ’voltages for four GaAs Fet’s



Layout and enclosureLayout and enclosure



Enclosure and simulation NFEnclosure and simulation NF 



Assembling processAssembling process



Homebrew LNA’sHomebrew LNA s



Critical construction and design pointsCritical construction and design points

• Ground plane connections, especially Source leads of GaAs FET, rf 
connector and pcb ground plane to enclosure connectionconnector, and pcb ground plane to enclosure connection

• Input connector transition, connector quality
• Layout
• Bias circuit implementation
• Enclosure size, metal conductivity and connector attachments 
• Preferred: Al Cooper Silver or Gold plated metals• Preferred: Al, Cooper,  Silver or Gold plated metals
• Components quality and size, smaller components are preferred
• Soldering 
• For high frequency amplifiers, machining is necessary 



Appendix – complex mathematicsAppendix  complex mathematics
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Appendix: 10W 24GHz Power Amplifier with 
TGA4549TGA4549 report     



DC converter 12 to 28V/2.3A LM5122DC converter 12 to 28V/2.3A  LM5122



First test resultsFirst test results 



Little better, but still poor performanceLittle better, but still poor performance



Finally   100 mW in ‐ 5.5 W out, 28V/1A
max. input power  23dBm 200mW ‐ no smoke



24GHz Output power, 19dBm in24GHz Output power, 19dBm in


