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Figure3.1 Logic values asvoltage levels
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Figure32 NMOS transistor as a switch



x = "high" x="low"

e e e

(a) A switch with the opposite behavior of Figure 3.2 a

Gate

)

Drain Source
Vbp
Substrate (Body) _t
(b) PMOS transistor
Ve
— 1
Vs Vb

(c) Simplified symbol for an PMOS transistor
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Figure3.8 NMOS realization of an AND gate
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Figure3.12 CMOS redlization of aNOT gate
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Figure3.13 CMOS redlization of aNAND gate
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Figure3.14 CMOS redlization of a NOR gate
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Figure3.18 Voltage levelsin a CMOS circuit
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Figure3.19 Interpretation of voltage levels
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Figure 3.20 Interpretation of voltage levels
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Figure3.21 A 7400-series chip
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Figure3.30 A PLD programming unit



Figure3.31 A PLCC package with socket
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Figure3.33 A section of aCPLD
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Figure3.34 CPLD packaging and programming
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Figure 3.36 A two-input lookup table
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Figure3.43a NMOS transistor when turned off
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Figure3.43b NMOS transistor when turned on
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Figure 3.46 Voltage transfer characteristics for the CMOS inverter
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Figure 3.47 Parasitic capacitance in integrated circuits
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(a) Small transistor (b) Larger transistor

Figure3.49 Transistor sizes



(a) Current flow when input Vy (b) Current flow when input Vy
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Figure3.50 Dynamic current flow in CMOS circuits



(a) NMOS transistor (b) PMOS transistor

Figure3.51 Poor use of NMOS and PMOS transistors
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Figure 3.52 Poor implementation of a CMOS AND gate



Figure3.53 High fan-in NMOS NAND gate
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Figure3.56 A noninverting buffer
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Figure3.57 Tri-state buffer
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Figure3.59 An application of tri-state buffers
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Figure3.60 A transmission gate
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Figure3.62 A 2-to-1 multiplexer built using transmission gates
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Figure 3.64 A programmable NOR plane
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Figure 3.69 Restoring a high voltage level
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FigureP3.1 A sum-of-products CMOS circuit



FigureP3.2 A CMQOS circuit built with multiplexers



Figure P3.3 Circuit for problem 3.3
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Figure P3.4 A three-input CMOS circuit
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Figure P3.7 The pull-up network in a CMOS circuit
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FigureP3.9 A gate-array logic cell



FigureP3.10 Circuit for problem 3.54



FigureP3.11 Circuit for problem 3.55



