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10.1 Digital Circuit Design 

Logic-Circuit Family 
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10.1.1 Digital IC Technologies and Logic-Circuit 
Families

Brief remarks of four technology
CMOS

Lower static power dissipation.
High input impedance for temporary storage.
Device scaling for higher level of integration.
CMOS logic types: complementary CMOS, pseudo-NMOS, pass-
transistor logic and dynamic CMOS logic.

Bipolar
Transistor-transistor logic (TTL or Schottky TTL)
Emitter-coupled logic (ECL): suitable for high speed operation

BiCMOS
GaAs



10.1.2 Logic-Circuit Characterization

Five parameters of VTC
(voltage transfer characteristics)

VOH: maximum output voltage
VOL: minimum output voltage
VIH, VIL: the point at the slope 
of VTC = -1
VM: (logic) the point of 
threshold voltage at vO=vI

NMH = VOH - VIH

NML = VIL - VOL
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10.1.2 Logic-Circuit Characterization

Propagation Delay 
tPHL : high-to-low propagation delay
tPLH : low-to-high propagation delay
tP (propagation delay) = ( tPLH + tPHL )/2 
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Logic-Circuit Characterization

Power Dissipation 
Dynamic power dissipation happening during 
switching when both transistors are on. 
PD=fCV2

DD

Delay-Power Product
Power reduction by reducing VDD and current 
takes more time to charge or discharge
DP=PDtP

Silicon Area 
Smaller transistors can reduce the silicon area, but 
current driving capability is limited slow



10.2 Design and Performance Analysis
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Pull-up

Pull-down



10.2.1 Circuit Structure
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10.2.2 Static Operation
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When both transistors have same transconductance parameters



10.2.3 Dynamic Operation
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Propagation Delay
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tP can be equalized by matching
Need to reduce C
Need to use higher fT device (Gm/Cg)
Wider device (W/L) may help but C increase 
should be carefully gauged.
VDD increase, but limited by the process 
technology. Also, power dissipation should be 
considered.
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10.3 CMOS Logic-gate Circuits
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10.3 CMOS Logic-gate Circuits



10.3.4 Complex Gate
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10.3.6 The Exclusive-OR Function
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Figure 10.15  Realization of the exclusive-OR (XOR) function



10.3.8 Transistor Sizing
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