
Homework 8 Solutions 

1. J&B P7.19 

(a) Symmetrical CMOS inverter 
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(b) CMOS with equal 
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 values for the NMOS and PMOS 
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2. J&B P7.22 

Current flows through ܯଵ and ܯேଶ, assume both in triode region, 
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Check: ܸீ ௌே ൌ 2.5	ܸ  ்ܸ ே ൌ 0.6	ܸ, ܸீ ௌே െ ்ܸ ேௌ ൌ 1.9	ܸ  ܸௌே ൌ 0.98	ܸ, NMOS is 
triode. ܸீ ௌ ൌ െ2.5	ܸ ൏ ்ܸ ே ൌ െ0.6	ܸ , |ܸீ ௌ െ ்ܸ ௌ| ൌ 1.9	ܸ  | ܸௌ| ൌ 1.52	ܸ , 
PMOS is triode. 
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3. J&B P7.47 
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4. J&B P7.62 

(a) Since the NMOS devices will be in parallel, their 
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 ratios will be same as that 

in the reference inverter of the figure 7.12 as shown below, or ቀௐ
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(b) To drive three times the load capacitance with the same propagation delay, 

the 
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 ratios for each device must be increased by a factor of three:	ቀௐ
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. Circuit for the 4-input CMOS NOR gate is as shown below 



 

5. J&B P7.64 

A current path involves 3 NMOS and 1 PMOS. Symmetrical delay requires 
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6. J&B P7.73 
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(b) The complete circuit, including the PMOS network is shown below 
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7. J&B P7.95 



The worst case involves 3 NMOS in series, with 
ௐ
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, which is equivalent to the 
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low propagation delay for this gate is three times that of the symmetrical 
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Use numerical method introduced in lecture, we treat the whole network as a the 
reference inverter which includes only one NMOS and PMOS, the equivalent 
NMOS is with 
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When input suddenly is from low to high, capacitance is discharging, ܯே is in on 
ሺܸீ ௌே ൌ 2.5	ܸሻ, and ܯ  is off ሺܸீ ௌ ൌ 0	ܸሻ, when ைܸ ൌ ܸௌே  ܸீ ௌே െ ்ܸ ே ൌ ுܸ െ
்ܸ ே ൌ ܸ െ ்ܸ ே ൌ 1.9	ܸ, NOMS is in saturation, 
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when ைܸ ൌ 1.9	ܸ, it then is in linear, 
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Because the current switches operation in two regions, we consider two 
subsections which includes three points, calculate ைܸ from ுܸto 1.9	ܸ and 1.9	ܸ to 
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Consider three subsections which includes 4 points, calculate ைܸ from ுܸto 1.9	ܸ, 
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Compared with Multisim result 
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8. J&B P7.116 

From the Fig. 7.36 of the text book, the maximum occurs when NMOS transistor 
is cutoff,  
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PMOS is in triode ሺ ܸௌ ൎ 0ሻ, and the combined resistance becomes ܴ which is 
decreasing in value thereafter, 
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The resistance of PMOS 
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Use iterative algorithm or mathematic software to solve for above equation, we 
get 
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Similar approach can be used to solve the ቀௐ
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 if the maximum happens 

when PMOS is cutoff and NMOS is in triode. When PMOS transistor is cutoff,  
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NMOS is in triode ሺ ܸௌே ൎ 0ሻ, and the combined resistance becomes ܴ which 
is decreasing in value thereafter, 
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The resistance of NMOS 
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Use iterative algorithm or mathematic software to solve above equation, we get 
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