


Problem #1 
Unilateral Model: 
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Schematic: 
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Results: 
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Eqn H = stoh(S)  







Problem #2 

Eqn gpcirc_13p52 = gp_circle(S,13.52 + {-2, -1, 0, 0.35, 0.5},200)
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Eqn gacirc_10p4 = ga_circle(S,10.4 + {-2, -1, 0, 1, 2},200)
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In the above displayed Ga and Gp circles, several gain values are plotted, above and below our calculated 
values for 50 ohm source and load impedance.  We can see that the values of Ga and Gp determined in 
calculation occur for 50 ohm source and load impedance, respectively, because they pass through the center of 
the smith chart. 
 
The insertion gain also matches well.  This can be shown in two ways, as 10*log(mag(S21)^2), using 10*log 
because it is a power gain, or equivalently db(S21), which is 20*log(S21).  These are mathematically identical.  
Max gain is also consistent with our calculation. 



Problem #3 
 
Using ADS tuning, an LC matching network can be designed: 
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Gain: 
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We can see that the gain when well-matched is equal to the maximum gain of the transistor, because the 
definition of maximum gain is when the input and output are both conjugate matched.  The matching networks 
create an impedance equal to the conjugate of the input and output impedances. 







Problem #4 
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As we can see above, the calculated fmax and ft match well with calculations.  It is important to note that these 
values are the same as for the unilateral case, because in this case there is no Rg in series with both CGS and CGD. 
 
 
Problem #5 
 
Plot stability factor K and B1 vs. frequency.  It is necessary and sufficient for unconditional stability that K>1 
and B1>0.  In ADS k=stab_fact(S) and B1=stab_meas(S). 
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We can see that from DC-170GHz the transistor is potentially unstable, and it is unconditionally stable at all 
higher frequencies. 



At a 100GHz we calculate the maximum stable gain, mag(S21)/mag(S12) and plot it in ADS.  We also plot the 
ADS max_gain() function, which will automatically switch from MAG to MSG when the transistor becomes 
unstable, and it matches with our calculation.  The MSG at 100GHz is 11.9dB. 
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Problem #6 
 
Stability circles at 100GHz: 
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Input: 
• Series R = .06*50 = 3Ω 
• Shunt R = 50/.492 = 101.6Ω 
 
Output: 
• Series R = .303*50 = 15.15Ω 
• Shunt R = 50/.3 = 166.67Ω 
 
The first of these, series 3.1Ω on input, is shown.  This value was used because 3Ω was very slightly not 
unconditionally stable, because the accuracy depends on how well we pick our point on the stability circle. 
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Problem #7 
 
As we found, MSG at 100GHz is 11.9dB.  Use a series input resistor to stabilize with a value such that 
stabilized MAG = 9.9dB.  This was found to be R=4Ω. 
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Following are the gain circles used for calculating the matching network.  The Ga circle specifies the allowable 
values of gamma_s (reflection into transistor input from the matching network) for a given gain, and Gp circle 
does the same for gamma_l.  We select in this case gamma_s as the MSG we designed for above, and with that 
we calculate gamma_out = S22+S12*S21*gamma_s / (1-S11*gamma_S).  Then to match we must choose 
gamma_l as the complex conjugate of gamma_out.  This value of gamma_l determines gamma_in through a 
similar coupling equation, and because our transistor has been unconditionally stabilized, it is the conjugate of 
gamm_s, so the input is also matched. 
 
Therefore the gain is the MSG that we specified and the input and output reflections are very small, for our 
design frequency of 100GHz. 
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