
CHAPTER 4 SOLUTIONS 19

4.8 (a) 4 units.  (b) (3/4 units).

4.9 g = 6/3 is the ratio of the input capacitance (4+2) to that of a unit inverter (2 + 1).

4.10 (a) should be faster than (b) because the NAND has the same parasitic delay but 
lower logical effort than the NOR.  In each design, H = 6, B = 1, P = 1 + 2 = 3.  For 
(a), G = (4/3) * 1 = (4/3).  F = GBH = 8.  f = 81/2 = 2.8.  D = 2f + P = 8.6 τ.  x = 6C * 
1 / f = 2.14C.  For (b),  G = 1 *(5/3).  F = GBH = 10.  f = 101/2 = 3.2.  D = 2f + P = 
9.3 τ.  x = 6C * (5/3) / f = 3.16C.  

4.11 D = N(GH)1/N + P.  Compare in a spreadsheet. Design (b) is fastest for H = 1 or 5.  
Design (d) is fastest for H = 20 because it has a lower logical effort and more stages 
to drive the large path effort.  (c) is always worse than (b) because it has greater log-
ical effort, all else being equal. 

4.12 H = (64 * 3) / 10 = 19.2.  B = 32 / 2 = 16.  Compare several designs in a spreadsheet.  
The five-stage design is fastest, with a path effort of F = GBH = 683 and stage effort 
of f = F1/5 = 3.69.  The gate sizes from end to start are:  192 * 1 / 3.69 = 52; 52 * (4/
3) / 3.69 = 18.8; 18.8 * 1 / 3.69 = 5.1; 5.1 * (5/3) / 3.69 = 2.3; 2.3 * 1 / 3.69 = 0.625. 

Comparison of 6-input AND gates

Design G P N D (H=1) D (H=5) D (H=20)

(a) 8/3 * 1 6 + 1 2 10.3 14.3 21.6

(b) 5/3 * 5/3 3 + 2 2 8.3 12.5 19.9

(c) 4/3 * 7/3 2 + 3 2 8.5 12.9 20.8

(d) 5/3 * 1 * 4/3 * 1 3 + 1 + 2 + 1 4 11.8 14.3 17.3

Comparison of decoders

Design G P N D

NAND5 + INV 7/3 6 2 59.5
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