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Homework will still be acceptable by 4:30PM (office 

hour) 02/06/2012 after class with 20% degradation of 

the point you would earn otherwise.  
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ProblemProblemProblemProblem----1: Power penalty for mismatch1: Power penalty for mismatch1: Power penalty for mismatch1: Power penalty for mismatch

� When load impedance is not perfectly matched to source impedance, When load impedance is not perfectly matched to source impedance, When load impedance is not perfectly matched to source impedance, When load impedance is not perfectly matched to source impedance, 

calculate power reduction factor (Pcalculate power reduction factor (Pcalculate power reduction factor (Pcalculate power reduction factor (PLLLL////PPPPmaxmaxmaxmax)  for the mismatch. )  for the mismatch. )  for the mismatch. )  for the mismatch. 
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1)1)1)1) Derive output power (PDerive output power (PDerive output power (PDerive output power (PLLLL) delivered to load  ) delivered to load  ) delivered to load  ) delivered to load  

resistance Rresistance Rresistance Rresistance RLLLL under the mismatched condition.under the mismatched condition.under the mismatched condition.under the mismatched condition.

2)2)2)2) Derive a power reduction factor, which is a ratio Derive a power reduction factor, which is a ratio Derive a power reduction factor, which is a ratio Derive a power reduction factor, which is a ratio 

of Pof Pof Pof PLLLL////PPPPmaxmaxmaxmax , where is , where is , where is , where is PPPPmaxmaxmaxmax is the maximum power is the maximum power is the maximum power is the maximum power 

deliverable to load under perfect matched deliverable to load under perfect matched deliverable to load under perfect matched deliverable to load under perfect matched 

condition. condition. condition. condition. 

3)3)3)3) Based on the result in 2), fill in empty column in Based on the result in 2), fill in empty column in Based on the result in 2), fill in empty column in Based on the result in 2), fill in empty column in 

table below. table below. table below. table below. 

∆∆∆∆XXXXssss////XXXXssss PPPPLLLL////PPPPmaxmaxmaxmax (%)(%)(%)(%)

5%

10%

20%

50%

Assume Assume Assume Assume ∆∆∆∆RRRRssss=0=0=0=0

∆∆∆∆RRRRssss////RRRRssss PPPPLLLL////PPPPmaxmaxmaxmax (%)(%)(%)(%)

5%

10%

20%

50%

Assume Assume Assume Assume ∆∆∆∆XXXXssss=0=0=0=0



ECE 5220 RFIC Technology & Design – Prof. Kwang-Jin Koh
3

ProblemProblemProblemProblem----2: Power penalty for inductor loss2: Power penalty for inductor loss2: Power penalty for inductor loss2: Power penalty for inductor loss

vs

Rs RLC

L Rind

Definition: Definition: Definition: Definition: 
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� Assume that inductor in the matching circuit shown below has finite Assume that inductor in the matching circuit shown below has finite Assume that inductor in the matching circuit shown below has finite Assume that inductor in the matching circuit shown below has finite 

resistance, Rresistance, Rresistance, Rresistance, Rindindindind. . . . 

1)1)1)1) Derive output power (PDerive output power (PDerive output power (PDerive output power (PLLLL) delivered to load  ) delivered to load  ) delivered to load  ) delivered to load  

resistance Rresistance Rresistance Rresistance RLLLL under the finite under the finite under the finite under the finite QQQQindindindind of  inductor.of  inductor.of  inductor.of  inductor.

2)2)2)2) Derive Derive Derive Derive power power power power ((((PPPPindindindind) ) ) ) delivered to delivered to delivered to delivered to RRRRindindindind....

3)3)3)3) Derive efficiency defined by Derive efficiency defined by Derive efficiency defined by Derive efficiency defined by � �
��

�������
.

4)4)4)4) Express Express Express Express � in terms of Qin terms of Qin terms of Qin terms of QTTTT and and and and QQQQindindindind. . . . 



ECE 5220 RFIC Technology & Design – Prof. Kwang-Jin Koh
4

ProblemProblemProblemProblem----3: Power penalty for inductor loss3: Power penalty for inductor loss3: Power penalty for inductor loss3: Power penalty for inductor loss

Definition: Definition: Definition: Definition: 
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� Repeat the same problems in ProblemRepeat the same problems in ProblemRepeat the same problems in ProblemRepeat the same problems in Problem----2 for the case of impedance down 2 for the case of impedance down 2 for the case of impedance down 2 for the case of impedance down 

conversion shown below figure. conversion shown below figure. conversion shown below figure. conversion shown below figure. 

1)1)1)1) Derive output power (PDerive output power (PDerive output power (PDerive output power (PLLLL) delivered to load  ) delivered to load  ) delivered to load  ) delivered to load  

resistance Rresistance Rresistance Rresistance RLLLL under the finite under the finite under the finite under the finite QQQQindindindind of  inductor.of  inductor.of  inductor.of  inductor.

2)2)2)2) Derive Derive Derive Derive power power power power ((((PPPPindindindind) ) ) ) delivered to delivered to delivered to delivered to RRRRindindindind....

3)3)3)3) Derive efficiency defined by Derive efficiency defined by Derive efficiency defined by Derive efficiency defined by � �
��

�������
.

4)4)4)4) Express Express Express Express � in terms of Qin terms of Qin terms of Qin terms of QTTTT and and and and QQQQindindindind. . . . 
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ProblemProblemProblemProblem----4: LNA input matching4: LNA input matching4: LNA input matching4: LNA input matching

In this problem, use only given small In this problem, use only given small In this problem, use only given small In this problem, use only given small 

signal parameters of NMOS: signal parameters of NMOS: signal parameters of NMOS: signal parameters of NMOS: RRRRgggg, , , , CCCCgsgsgsgs

and gand gand gand gmmmm. . . . 

1)1)1)1) Derive input impedance Derive input impedance Derive input impedance Derive input impedance ZZZZinininin....

2)2)2)2) Under directly being driven by source, calculate Under directly being driven by source, calculate Under directly being driven by source, calculate Under directly being driven by source, calculate VVVVgsgsgsgs and output current and output current and output current and output current iiiioutoutoutout....

3)3)3)3) Calculate voltage gain Calculate voltage gain Calculate voltage gain Calculate voltage gain  !" �
#�$%

#�
.

ZZZZinininin
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ProblemProblemProblemProblem----4: LNA input matching4: LNA input matching4: LNA input matching4: LNA input matching

In this problem, use only given small In this problem, use only given small In this problem, use only given small In this problem, use only given small 

signal parameters of NMOS: signal parameters of NMOS: signal parameters of NMOS: signal parameters of NMOS: RRRRgggg, , , , CCCCgsgsgsgs

and gand gand gand gmmmm. . . . 

4) Assume that real part of 4) Assume that real part of 4) Assume that real part of 4) Assume that real part of ZZZZinininin in 1) is equal to in 1) is equal to in 1) is equal to in 1) is equal to RRRRssss. Design lossless matching network for . Design lossless matching network for . Design lossless matching network for . Design lossless matching network for 

maximum power maximum power maximum power maximum power transfer (transfer (transfer (transfer (assume assume assume assume ωωωωοοοο
LLLL < 1/(< 1/(< 1/(< 1/(ωωωωοοοο

CCCCgsgsgsgs), where  ), where  ), where  ), where  ωωωωοοοο
isisisis target frequency for target frequency for target frequency for target frequency for 

matching matching matching matching ). ). ). ). 

5) 5) 5) 5) Under matched conditions, Under matched conditions, Under matched conditions, Under matched conditions, calculate calculate calculate calculate VVVVgsgsgsgs and output current and output current and output current and output current iiiioutoutoutout....

6) Calculate 6) Calculate 6) Calculate 6) Calculate voltage gain voltage gain voltage gain voltage gain  !" �
#�$%

#�
, and compare the result with that of 3)., and compare the result with that of 3)., and compare the result with that of 3)., and compare the result with that of 3).

7) Explain the role of source inductor 7) Explain the role of source inductor 7) Explain the role of source inductor 7) Explain the role of source inductor LLLLssss in view of impedance matching.in view of impedance matching.in view of impedance matching.in view of impedance matching.

losslesslosslesslosslesslossless


