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EE215C Homework 1

Problem 2: { \ (g
(a) IR

Current mirror provides =2.5mA for M1. 1 applied 1=2.5mA with an ideal current source and by sweeping the W1 from
20uM to 100uM | found voltage at input node, Next [ change | to 2.6mA and repeat the same steps. This gives me
Delta V for different W1 values and since delta | = 0.1mA and resistance is 50 ohms, | selected the W1 that has delta V
equals to 5mV.

I, =2.5mA, I, =2.6m4 = Al =0.1mA4

R = 500

" gm+gmf)
AV =R x Al =5mV

The data resulted from simulation shows W1 is around 43uM to 46uM. Next, | select W1=43uM and W1=46uM and
run DC simulation and extract the gm and gmb. The results are as following:

W =40uM = g, =15.99mS.g,, =2.91mS, = R, = : - =52.9]
(15.99+2.91)x10
I

(16.88+3.063)x107

W o=43uM = g, =1688mS,g,, =3.063mS,= R, = = 50.14Q2

Therefore the Width for M1 is 43uM.

(b) Q:—g—’i:4:>Rp:4><272“><5.2GH2><L:L><130.7GQ
7))

Cp is 10fF for each nanohenry of inductance so Cp is 10L {F for L nanohenry. Using the inductor model and running the
AC simufation while sweeping the L value we found the family of plots as below:
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As the plots show the resonance frequency at 5.2GHz happens for L=5.1nH.
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For this part | used the S-parameter analysis on cadence and Plot the real part of input impedance while sweeping the
frequency from 1kHz to 100MHz. The following graph shows the result. At DC {i.e. the low frequency) the resistance is
50 ohms as expected. At resonant frequency f=5.2GHz the resistance equals to 5.3 ohms.
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The reason for this is that as we use the non-ideal inductor model there exists an internal resistance for inductor. At
low frequency this resistance gets shorted by inductor but at resonance frequency this appears as a pure resistance at
Drain of M1 and therefore the input resistance increases.

m 7 At DC RD is zero and Input resistance is (gm+gmb)™ but at resonance frequency RD is not zero
-+ gm + gmb
VO
and therefore input resistance is higher. Adjusting the Width of M1 to get the input resistance as 50 ohms results that
resonance frequency change too, therefore by adjusting the width to W1=65 uM we need to adjust the L to 4.1nH so
that we get resonance frequency equal to 5.2 GHz and resistance of 50 ohms. The resulits are shown below:
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Using PSS anaiysis and applying two tones at 5.19GHz and 5.2GHz with Pin = -30dBm, | plot the cutput Power in dBm
and calculate the differenc between them, and find [IP3 in dbm from shorteut method. 1 also used the IPN curve
method of input power extrapoiation and find the same result. The plots are shown below:

AP| =(~123.5dBm) - (~192dBm) = 68.5dB = AP|, /2 =34.25

1P|, = APl +

2 dBm 2 h

- =34.25-30=4.25dBm
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{1P3 = 4.25dBm.

The Voltage gain from AC simulatioh at 5.2GHz equals to 19.36dB = 9.3
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Following the same method as part b at first iteration | found that L2 is between 6nH and 7nH, by second simulation

and sweeping L2 from 6nH to 7nH we found 12=6.25nH
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The voltage gain from AC simulation was found as: 16,.27dB
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Using same method for calculating 1{P3 I found the following results:
AP|  =(-121.2dBm)~(~165.6dBm) = 44.4dB = AP| /2 =222dB

APL’B + P

S+ Py, = 222220 =2.2dBm

[I}):‘ ’a’Bm =

dBm
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By placing the second amplifier as the load of the first amplifier the resonance frequency changes to 4.6GHz which is a
result of change in the load of the first amplifier As a result a | changed the value of L1 to have the resonance
frequency equal to 5.2GHz while kept ali other parameters (i.e. W1, L2} fixed.

AP| = (-120dBm)~(~142.5) = 22.5dB => AP|, /2=11.25
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And the overall Voltage gain is: 36.66 dB which matches to the gain of stage 1 in dB + gain of stage 2 in dB.

In order to use equation {2.46) we have to change the dBm and dB values of 1iP3’s and Voltage gain to real numbers,

—=4.25dBm = AIP,_ = (632mV)x 105 =10309m
IIP,, =2.2dBm = AIP,_, = (632mV)x10% = 814.2mV
«=19.36d4B =10 % =93

2 2
A,}"m N Afj,“ ! Azm N (1.03&91/)2 " (0.291.2;/)2 = Ay =87.24mV
— 1P, = 20 xTog(CL2 Yy _17.204Bm

632mV

The result from the simulation and calculation are close but they don’t match exactly, the reason could be a result of
neglecting the effect of IM2 of the first amplifier which will increase the IM3 at the output of the second stage and
also changing the value of L each times we want to match the resonant frequency to 5.2GHz. Nevertheless, the

amount of error is not huge and this shows the simulation was successful,



{g)

From the plot below, it can be seen that the input resistance changes by a significant amount. It is now almost 100
ohms. This is because there is now a much larger load on the first stage, thus affecting the input impedance, Alsg, the
adjustments in the inductor model to achieve resonance at 5.2GHz will have some effect on the input impedance,
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The second stage limits the [IP3 because of the large gain in the first stage.
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