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Homework Assignment No. 2 – Solutions 

P2.4 – For each transistor, first determine if the transistor is in cutoff by checking to see 
if VGS is less than or greater than VT. VT may have to be recalculated if the source 
of the transistor isn’t grounded. If VGS is less than VT, then it is in cutoff, 
otherwise, it is in either triode or saturation. 

To determine if it is in the triode saturation region, check to see if VDS is less than 
or greater than VDSAT. If VDS is less than VDSAT, then it is in triode, otherwise, it is 
in saturation. 
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The transistor is not in the cutoff region. 
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Saturation: In this case, because D GV V>  the transistor is in the saturation region. To see 
this, recognize that in a long-channel transistor if D GV V> , the transistor is in 
saturation. Since the saturation drain voltage DsatV  is smaller in a velocity-
saturated transistor than in a long-channel transistor, if the long-channel saturation 
region equation produces a saturated transistor, than the velocity-saturated 
saturation region equation will also. 
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P2.5 -  In both cases, the first step it to calculate the maximum value of XV  given GV . If 
the voltage at the drain is higher than this maximum value, then ,maxX XV V= , 
otherwise, X DV V= . The maximum value of XV  is G TV V−  but 0T TV V≠  because 
of body effect and we consider its effect. 
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There are two ways to calculate this, either through iteration or through 
substitution. 

Iteration: 
For the iteration method, we need a starting value for VX,max. A good starting value 
would be 0 1.2 0.4 0.8VG TV V− = − = . We plug this value on the RHS of the 
equation, calculate a new VX,max and repeat until we reach a satisfactory converged 
value. 

Old Vx,max New Vx,max
0.800 0.728 
0.728 0.734 
0.734 0.734 

In this, only three iterations are needed to reach 0.734V. 

Substitution: 

The ,max 0.88XV +  term makes things a bit tricky, we get around this by making 
the following substitution: 
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P2.5 - Continued 
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We use the first value since second value is above VDD. 

d. Since ,maxD XV V> , ,max 0.733VX XV V= = . 

e. Since ,maxD XV V< , ,max 0.6VX XV V= = . 
P2.7 – First, let’s convert the units into terms of fF and µm. 
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Now we can calculate the capacitances. 
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P2.9 – Since the lengths are the same, the saturation voltage DsatV  will be the same. 
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The graphs of the two transistors are shown in Figure 0. Notice that the main difference 
between the two curves is that when we double the width, we double the current. 
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Ids vs. Vds
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