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•• CMOS DesignCMOS Design

•• Multi-input delay analysisMulti-input delay analysis
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CMOS Logic ImplementationsCMOS Logic Implementations

•• Transmission GateTransmission Gate

–– When S is low, the output is at high impedanceWhen S is low, the output is at high impedance

–– When S is high, the output follows AWhen S is high, the output follows A
•• However, However, OUTOUT can only rise to V can only rise to VDDDD-V-VT,T, at which point the transistor will shut off at which point the transistor will shut off
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CMOS Logic ImplementationsCMOS Logic Implementations

•• Transmission GateTransmission Gate

–– When S is When S is highhigh, the output is at high impedance, the output is at high impedance

–– When S is When S is lowlow, the output follows A, the output follows A
•• However, However, OUTOUT can only fall to V can only fall to VT,T, at which point the transistor will shut off at which point the transistor will shut off
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CMOS Logic ImplementationsCMOS Logic Implementations

•• Transmission gateTransmission gate

–– Requires both nMOS and pMOS transistorsRequires both nMOS and pMOS transistors

–– Single nMOS or single pMOS will causeSingle nMOS or single pMOS will cause
signal degradationsignal degradation
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CMOS Logic ImplementationsCMOS Logic Implementations

•• Transmission GateTransmission Gate
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CMOS Logic ImplementationsCMOS Logic Implementations

•• MultiplexerMultiplexer
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CMOS Logic ImplementationCMOS Logic Implementation

•• MultiplexerMultiplexer
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CMOS Logic ImplementationsCMOS Logic Implementations

•• MultiplexerMultiplexer

–– Transmission gate basedTransmission gate based
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CMOS Logic ImplementationsCMOS Logic Implementations

•• MemoryMemory

–– Use feedback loops to store bitsUse feedback loops to store bits

–– How do you get the bit in the loop?How do you get the bit in the loop?
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CMOS Logic ImplementationsCMOS Logic Implementations

•• MemoryMemory

–– Use transmission gates to control entry to the loopUse transmission gates to control entry to the loop

–– Level sensitive D-latchLevel sensitive D-latch
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CMOS Logic ImplementationsCMOS Logic Implementations

•• LatchesLatches

–– Level sensitive latches do not allow you toLevel sensitive latches do not allow you to
isolate output from input when control isisolate output from input when control is
high.high.

–– Solution is to use a master-slave setupSolution is to use a master-slave setup
where master latches input and then slavewhere master latches input and then slave
latches the outputlatches the output
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CMOS Logic ImplementationsCMOS Logic Implementations

•• Master -slave latchMaster -slave latch
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CMOS Logic ImplementationsCMOS Logic Implementations

•• Master -slave latchMaster -slave latch
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•• Negative edge-triggered flip-flopNegative edge-triggered flip-flop
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CMOS LogicCMOS Logic

•• Setup time is how much time Setup time is how much time beforebefore the clock edge that the clock edge that
the data should be readythe data should be ready

–– If setup time is not met, the data will not have time to getIf setup time is not met, the data will not have time to get
through transmission gate and into the feedback loopthrough transmission gate and into the feedback loop

•• Hold time is the time that the data is required to beHold time is the time that the data is required to be
stable stable afterafter the clock edge. the clock edge.

–– If hold time is not met, invalid data may get past theIf hold time is not met, invalid data may get past the
transmission gate and into the feedback loop.transmission gate and into the feedback loop.
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CMOS LogicCMOS Logic

•• Flip-FlopsFlip-Flops
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CMOS LogicCMOS Logic

•• RegistersRegisters

–– N-bit collection of flip-flopsN-bit collection of flip-flops
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CMOS Logic Gate DesignCMOS Logic Gate Design

•• How do you characterize delay for a gateHow do you characterize delay for a gate
more complicated than an inverter?more complicated than an inverter?

•• kkeffeff is determined by the structure of the is determined by the structure of the
logic gatelogic gate€ 

td = A CL

keff
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Delay time analysisDelay time analysis

OUTA

B
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N2

P2P1

•For pull down (falling delay time)

€ 

kneff =
1

1
kn1

+
1
kn2

=
kn
2

•For pull up (rising delay time)

€ 

kpeff = kp

•• Multi-input gatesMulti-input gates
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CMOS Logic ImplementationsCMOS Logic Implementations

•• NANDNAND

A

B

AB

€ 

keff −n =
kn
2

keff − p = kp
Falling delay has doubled
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DelayDelay time analysis time analysis
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•For equal delay times

€ 

kn = 2kp
Wn

Ln
k'n = 2

Wp

Lp

k 'p

•• Multi-input gatesMulti-input gates



ECE 249 VLSI Design and Simulation

Spring 2005

Lecture 8

© John A. Chandy

Dept. of Electrical and Computer Engineering

University of Connecticut

CMOS Logic ImplementationsCMOS Logic Implementations

•• NANDNAND
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kn = 2kp
Wn

Ln
k'n = 2

Wp

Lp

k 'p

Since k'n ≅ 2k'p  and assume Ln = Lp

we get Wn =Wp
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Delay time analysisDelay time analysis
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•For pull up (rising delay time)

•For pull down (falling delay time)

€ 

kn−eff = kn (single transistor on)



ECE 249 VLSI Design and Simulation

Spring 2005

Lecture 8

© John A. Chandy

Dept. of Electrical and Computer Engineering

University of Connecticut

CMOS Logic ImplementationsCMOS Logic Implementations

•• NORNOR

A+BA

B

Rising delay has doubled

€ 

keff −n = kn

keff − p =
kp
2
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Delay time analysisDelay time analysis

•For equal delay times
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2kn = kp

2Wn
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CMOS Logic ImplementationsCMOS Logic Implementations

•• NORNOR

A+BA

B

1x 1x

4x

4x

€ 

2kn = kp

2Wn

Ln
k 'n =

Wp

Lp

k'p

Since k 'n ≅ 2k 'p  and assume Ln = Lp

we get 4Wn =Wp
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CMOS Logic ImplementationsCMOS Logic Implementations

•• Multi-input NORMulti-input NOR

A+B+CA

B

C

€ 

keff −n = kn

keff − p =
kp
3

Rising delay has tripled



ECE 249 VLSI Design and Simulation

Spring 2005

Lecture 8

© John A. Chandy

Dept. of Electrical and Computer Engineering

University of Connecticut

CMOS Logic ImplementationsCMOS Logic Implementations

•• Multi-input NORMulti-input NOR

A+B+CA

B

C

1x 1x 1x

6x

6x

6x

€ 

3kn = kp

3Wn

Ln
k 'n =

Wp

Lp

k'p

Since k 'n ≅ 2k 'p  and assume Ln = Lp

we get 6Wn =Wp
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CMOS Logic ImplementationsCMOS Logic Implementations
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keff −n =
kn
3

keff − p =
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2

Falling delay has tripled

Rising delay has doubled
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CMOS Logic ImplementationsCMOS Logic Implementations
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Since k 'n ≅ 2k 'p  and assume Ln = Lp

we get 4Wn = 3Wp
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CMOS Logic ImplementationsCMOS Logic Implementations
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CMOS Logic Gate DelaysCMOS Logic Gate Delays

•• Increasing transistor sizes can reduceIncreasing transistor sizes can reduce
the delays, but itthe delays, but it

–– Increases areaIncreases area

–– Increases load capacitance for driving gatesIncreases load capacitance for driving gates

•• Multi-input gates may not always be goodMulti-input gates may not always be good
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Next classNext class

•• Gate DelaysGate Delays

•• Logical EffortLogical Effort

•• Chapter 6.2Chapter 6.2


