1. Consider the following circuit. The passive filter is assumed noiseless. An RL is connected to the output but RL is assumed noiseless in the computation of the system noise figure. Compute the noise figure of the cascade connection.
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2. Consider the following receiver chain. All filters are assumed to be noiseless. For each block, either power gain or voltage gain is marked. The amplifiers have matched input and output impedance and therefore their power gains are equal to their corresponding voltage gains in dB’s. The mixer’s power gain and voltage gain are different and are marked separately. The output is connected to a matched network but its noise contribution is already included in the noise figure of the amplifier. The noise introduced by the local oscillator is already included in the noise figure of the mixer. Compute the noise figure from nodes F, E, D, C, B, and A to G; compute the voltage gain from A to B, C, D, E, F, and G; and compute the power gain from A to B, C, D, E, F, and G.
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3. In this problem we deal with the nonlinearity of the front-end of the receiver. The IIP3’s  and gains for individual stages are marked. When “very large” is marked, take it to be infinity in your computation. Compute the overall IIP3 at E, D, C, B, and A; and the SFDR at A. The SFDR should be base on IIP3. Note that IIP3 for individual stages are given in rms values. In using the cascade formula, use the voltage gains of a stage instead of the power gains. Note that even though the channel filter has a power gain of -3dB, it has 30 dB interference rejection, ie, it’s gain for IM3 is -30dB. Therefore, 1/(IIP3E)^2 = 1/(inf)^2 + 10^(-30/10)/(IIP3F)^2 when you move from F to E. Assume a bandwidth of 200KHz.
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4. Provide the complete IQ error analysis for the Hartley architecture with two RC network for 90 degree phase shift for the case 2) R matched with R, C matched with C but the values of R and C have errors so that RC*WIF equal to 1+, and case 2) both channel has RC*WIF equal to 1, but there are mismatches between the two R’s and mismatch between the two C’s. Let the mismatches be R and C.
Consider the following receiver architecture. The power gain and noise figure of each individual block are show. For the overall receiver, determine 1) the total power gain, 2) the total noise figure (NF)dB, and 3) the total sensitivity. Note that the IF filter and BPF3 are considered together as a single Block 5.
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In the receiver shown below, the LNA has NF1 = 2.8 dB, the mixer has G2=16 dB and NF2 = 10 dB, and the amplifier plus filter has NF3 = 30 dB. Determine the power gains of the LNA and of the amplifier + Filter so that the total system has NF = 3.8dB and total power gain of 60dB.
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A direct conversion Bluetooth receiver has the following blocks in the receive path:

	Parameter/Block 
	LNA
	Mixer
	Filter
	VGA

	NF [dB] 
	3
	-
	32
	30

	Max. Gain [dB] 
	15
	16
	5
	43

	IIP3 [dBm] 
	-
	8.5
	-
	10


(a) What should be the NF of the mixer referred to 50 Ohm to achieve an overall NF of less than 6.5dB?

(b) Assume that the two tones are very close to each other and are at the adjacent channel frequency such that both the tones experience the same attenuation of the filter at the adjacent channel frequency. Derive the values for the IIP3 and the attenuation of the filter to achieve an overall system IIP3 of better than -13dBm? Please provide reasonable values for the IIP3 and attenuation of the filter. Justify your answer.

(c) With the above calculated IIP3 of the filter, what should be the attenuation to relax the IIP3 specification of the VGA by 2.5dB while achieving the overall system IIP3? Explain.
