[image: image1.wmf](

)

t

A

w

a

3

cos

3

3

4

1









      
  
 http://dreamcatcher.asia/cw 




ME1000 RF Circuit Design
Tutorial 10
Large-Signal

Circuits and RF Oscillators
(Solution)
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​​​
​Question 3
(a) 
Show that the 3rd order term in the power-series expansion model of a large-signal amplifier  

             result in signal components that increase with a rate of 3 times the input power level in dBm.
Solution

3rd order term implies the 2nd harmonics.  For single-tone excitation, it is:
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, where A is the magnitude.

Since the above is a sinusoidal voltage waveform, the average power over a resistance Zo is:
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Taking 10log10(Pave/1mW) of the above power, and note that 
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 we can show that:
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(b) 
The following diagram is captured on a spectrum analyzer of a Power Amplifier (PA) operating at 
             5 GHz.  The two signal frequency are spaced 1 MHz apart.  Determine the Intermodulation              

             Distortion and the Third Order Intercept point power levels.  Also estimate the 1dB Gain 
             Compression power for this PA. NOTE: The vertical scale is 10dB/division.
Solution

Here we will use equation (2.2a) to (2.2c).

The difference between fundamental component and the 3rd order component is around 55 dB, thus IMD = 55 dB.

You can also see from the display of the spectrum analyzer that the marker is on one of the ‘spike’ for 3rd order component, with -60.42 dBm power level (the red color characters).  Thus the fundamental power level, P1 is:

P1 = (-60.42 + 55) dBm = -5.42 dBm.

Using 
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, we can find the TOI point PIP:

PIP = (-5.42 + 27.5) dBm = +21.08 dBm.

The 1dB gain compression power is approximately PIP – 10dB = +11.08 dBm.

Question 4
An amplifier has the following power series expansion coefficients at 900 MHz with 50( source and load impedance:

(1=12, (2=1.5 and (3=-0.67.  These coefficients are obtained by performing some measurement and employing statistical method.  If one were to use this amplifier to construct a down-conversion mixer, with 900 MHz RF input and 850 MHz LO input, find the conversion gain of this mixer in dB.
Solution

The amplitude of 2nd order component, due to mixing effect is:
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Where A1 is the LO signal amplitude and A2 is the RF signal amplitude.  Let PRF be the average RF power and PIF be average power of the ‘mixed’ component at a resistance Zo.  Then:
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Thus the conversion gain is:
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Note: if a number is given for the magnitude of the LO signal, then you should be able to compute it’s value and express the conversion gain in dB.

Question 5

Suppose you have 3 amplifiers A, B and C with properties as shown in the table below.  The amplifiers are cascaded together as shown in Figure Q5.  Determine the maximum output power available from the cascaded amplifiers.  Assume the amplifiers input and output are matched to each other and the system impedance is 50(.

	Amplifier Module
	Vcc/V
	Icc/mA
	Small-signal power gain (with 50( source and load impedance)
	1 dB Gain Compression Output Power

	A
	5.0
	20.0
	10.0
	+10.0 dBm

	B
	5.0
	25.0
	12.0
	+16.0 dBm

	C
	5.0
	30.0
	10.0
	+24.0 dBm



Cascaded Amplifier 1.

Cascaded Amplifier 2.

Figure Q5.

Solution

For cascaded amplifier 1, the maximum power obtainable from stage A is +10 dBm without excessive harmonic distortion.  This power becomes the input to stage B.  Since stage B has a gain of 12 dB, the theoretical power should be 10 + 12 = 22 dBm.  However since stage B maximum output power is +16 dBm, then the maximum output power will be capped to +16 dBm.  This means the input to stage A has to be limited to 16 – 12 - 10 = -6 dBm (0.4mW into 50(), otherwise harmonic distortion will appear at the cascaded amplifier output.

For cascaded amplifier 2, the maximum power obtainable from stage A is +10 dBm without excessive harmonic distortion as usual.  This power becomes the input to stage C.  Since stage C has a gain of 10 dB, the theoretical power should be 10 + 10 = 20 dBm.  This is below stage C maximum output power of +24 dBm, thus the maximum output power will be +22 dBm.  The corresponding input is 20 – 10 – 10 = 0 dBm (1mW into 50().
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