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Signal to Noise Ratio (SNR)
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FNF log10[Power Ratio]

Most Significant!

Cascade Connection
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Ni: Input Noise Power
No: Output Noise Power
N: Thermal Noise
A: Power Gain
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Linear Output (f1)

IMD3 Output (2f1 -f2)
Noise Level

3rd order Intercept Point (IP3)

Generation of Jammer signals by 
Intermodulation

1dB Compression Point (P1dB)

IIP3P1dB+9.6 [dB]



2f1-f2

3rd order Intercept Point (IP3)

P2f1-f2 [dBm] = 2Pf1 [dBm] + Pf2 [dBm] – 2×IP3 [dBm]

P2f2-f1 [dBm] = 2Pf2 [dBm] + Pf1 [dBm] – 2×IP3 [dBm]
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Spectrum Regrowth in PA and DPX
= Self Mixing of Tx Signals

Jammer Signal Emission to Adjacent Channels

Frequency

f1 f2
2f2-f12f1-f2



f2-f1

2nd order Intercept Point (IP2)

Pf2f1 [dBm] = Pf2 [dBm] + Pf1 [dBm] –IP2 [dBm]
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Inter Modulation Distortion in 
Nonlinear Circuit for WCDMA System
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Jammer Jammer

Band1
Tx: 1920 - 1980 MHz
Rx: 2110 - 2170 MHz

190 MHz 
1730 - 1790 MHz                4030 - 4150 MHz 
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IP2 Suppression by Balanced Topology
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Capacitor Coupled LF Amplifier
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RF Amplifier Configuration
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VGS VDS
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Measurement of Transistor S Parameters

Small Signal Measurement 
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Rollet Stability (K) Factor 

Unconditionally Stable When K>1
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•Finding Target Point
•Designing Input Matching Circuit
•Designing Output Matching Circuit
•Verification (Often S11 and S22 are 
NOT acceptable

Gain and NF are 
Dependent on Bias 
Current (Voltage)



Power Efficiency  of Class A Amplifier
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Maximum 25% (at Vo=Vcc/2)
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Maximum 78.5% (at Vo=Vcc)
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Power Amplifier
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Pre-distortion
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Linear Amplifier with Non-linear Components (LINC)

where (t)=cos-1(A(t)/Amax) Constant Amplitude

Non-Linear PA Applicable
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Use of High Speed Transistor BFP620
Design Low Noise Amplifier at 2.488 GHz. Vcc=1.5 V and 
Ic=5 mA. Low NF and Return Suppression Mandatory. 
How High Gain Achievable?



Step 1 Bias Circuit Design



Step 2 S Parameter Simulation

Caution!



S Simulation Result

S21

S22

S11

NF

NFmin

NFmin: Achievable minimum NF at the given frequency



Impact of Emitter Degeneration Inductor



Simulation Results
L=0 nH L=1 nH

L=2 nH L=3 nH



Simulation Results

L=0 nH
L=1 nH

L=2 nH L=3 nH



Step 3 Design Matching Circuits



Procedure



After Adding Designed Matching Circuit



Simulated Results

S11 and S22 Suppression

Astable?



Q Reduction

Step 4 Stabilization

Z Increase
Z Increase



Stabilized

Simulation Results



Step 5 Transient Analysis



Simulation Results Pin=-10 dBm

Pin=-5 dBm



Step 6 Two Tone Analysis



Two Tone Test Result

P2ab [dBm]=2×Pa [dBm] + Pb [dBm] - 2×OIP3  [dBm]

-40.1=2×(-4.39) + (-4.5) - 2×OIP3

OIP3 =13.4 [dBm]


