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AnnouncementsAnnouncements
Lab5 this week
Midterm results next We
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CMOS LogicCMOS Logic
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ReviewReview
Last lecture:

CMOS Logic
Standard cell design

This lecture
Performance optimization in CMOS logic
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Stick DiagramsStick Diagrams
Contains no dimensions
Represents relative positions of transistors
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Two Versions of C Two Versions of C •• (A + B)(A + B)
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Presenter
Presentation Notes
Line of diffusion layout – abutting source-drain connections



Note crossover eliminated by A B C ordering
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Logic GraphsLogic Graphs
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Presenter
Presentation Notes
Systematic approach to derive order of input signal wires so gate can be laid out to minimize area



Note PUN and PDN are duals (parallel <-> series)

Vertices are nodes (signals) of circuit, VDD, X, GND and edges are transitions
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Consistent Euler PathConsistent Euler Path
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Presenter
Presentation Notes
A path through all nodes in the graph such that each edge is visited once and only once.



The sequence of signals on the path is the signal ordering for the inputs.



PUN and PDN Euler paths are (must be) consistent (same sequence)



If you can define a Euler path then you can generate a layout with no diffusion breaks



A B C

C A B

B C A   no PDN

B A C

A C B  -> no PDN

C B A
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OAI22 Logic GraphOAI22 Logic Graph
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Example: x = ab+cdExample: x = ab+cd
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MultiMulti--Fingered TransistorsFingered Transistors
One finger Two fingers (folded)

Less diffusion capacitance
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CMOS PropertiesCMOS Properties
Full rail-to-rail swing; high noise margins
Logic levels not dependent upon the relative 
device sizes; ratioless
Always a path to Vdd or Gnd in steady state; 
low output impedance
Extremely high input resistance; nearly zero 
steady-state input current
No direct path steady state between power 
and ground; no static power dissipation
Propagation delay function of load 
capacitance and resistance of transistors
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Static CMOS Static CMOS 
DesignDesign
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Review: Transistor Switch ModelReview: Transistor Switch Model

GS TV V>
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Switch Delay ModelSwitch Delay Model
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Presenter
Presentation Notes
Note capacitance on the internal node – due to the source-drain of the two fets in series and the gate capacitances of the upper fet
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Input Pattern Effects on DelayInput Pattern Effects on Delay
Delay is dependent on the
pattern of inputs

Both R and C vary with input 
pattern

Low to high transition
both inputs go low

– Resistance is Rp /2
one input goes low

– Resistance os Rp

High to low transition
both inputs go high

– Resistance is 2Rn
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Delay Dependence on Input PatternDelay Dependence on Input Pattern
Use RC model to estimate delay
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Delay Dependence on Input PatternDelay Dependence on Input Pattern
Use RC model to estimate delay
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Delay Dependence on Input PatternDelay Dependence on Input Pattern
Use RC model to estimate delay
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Transistor SizingTransistor Sizing
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Presenter
Presentation Notes
Assumes Rp = 2Rn
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Transistor Sizing a Complex Transistor Sizing a Complex 
CMOS GateCMOS Gate

OUT = D + A • (B + C)
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Presenter
Presentation Notes
For class lecture.



Red sizing assuming Rp = Rn

Follow short path first; note PMOS for C and B 4 rather than 3 – average in pull-up chain of three – (4+4+2)/3  = 3

Also note structure of pull-up and pull-down to minimize diffusion cap at output (e.g., single PMOS drain connected to output)



Green for symmetric response and for performance (where Rn = 3 Rp)



Sizing rules of thumb



PMOS = 3 * NMOS

1 in series = 1

2 in series = 2

3 in series = 3

etc.
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Note on Transistor SizingNote on Transistor Sizing
So far, we have assumed that MOSFETs
behave like linear resistor when we put two 
of them in series

I.e., IDSAT of stack of 2 transistors = ½ IDSAT of 
single transistor

With velocity saturated devices, this is not 
the case

More in future homeworks
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FanFan--In ConsiderationsIn Considerations
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Presenter
Presentation Notes
While output capacitance makes full swing transition (from VDD to 0), internal nodes only transition from VDD-VTn to GND



C1, C2, C3 on the order of 0.85 fF for W/L of 0.5/0.25 NMOS and 0.375/0.25 PMOS

CL of 3.2 fF with no output load (all diffusion capacitance – intrinsic capacitance of the gate itself).

To give a 80.3 psec tpHL (simulated as 86 psec)
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FanFan--In ConsiderationsIn Considerations
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Distributed RC model
(Elmore delay)

tpHL = 0.69 Reqn (C1 +2C2 +3C3 +4CL )

Propagation delay deteriorates 
rapidly as a function of fan-in – 
quadratically in the worst case.
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Presenter
Presentation Notes
While output capacitance makes full swing transition (from VDD to 0), internal nodes only transition from VDD-VTn to GND



C1, C2, C3 on the order of 0.85 fF for W/L of 0.5/0.25 NMOS and 0.375/0.25 PMOS

CL of 3.2 fF with no output load (all diffusion capacitance – intrinsic capacitance of the gate itself).

To give a 80.3 psec tpHL (simulated as 86 psec)
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ttpp as a Function of Fanas a Function of Fan--InIn
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Presenter
Presentation Notes
Fixed fan-out (NMOS 0.5 micrcon, PMOS 1.5 micron)



tpLH increases linearly due to the linearly increasing value of the diffusion capacitance



tpHL increase quadratically due to the simultaneous increase in pull-down resistance and internal capacitance
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ttpp as a Function of Fanas a Function of Fan--OutOut
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All gates 
have the 
same drive 
current.
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Slope is a 
function of 
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Presenter
Presentation Notes
slope is a function of the driving strength
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ttpp as a Function of Fanas a Function of Fan--In and FanIn and Fan--OutOut

Fan-in: quadratic due to increasing 
resistance and capacitance
Fan-out: each additional fan-out gate 
adds two gate capacitances to CL

tp = a1 FI + a2 FI2 + a3 FO

Presenter
Presentation Notes
a1 term is for parallel chain, a2 term is for serial chain, a3 is fan-out
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Fast Complex Gates:Fast Complex Gates: 
Design Technique 1Design Technique 1

Transistor sizing
as long as fan-out capacitance dominates

Progressive sizing

InN CL
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In1

In2

In3

M1

M2

M3

MN
Distributed RC line

M1 > M2 > M3 > … > MN
(the FET closest to the
output is the smallest)

Can reduce delay by more than 20%; 
Be careful: input loading, junction caps, 
decreasing gains as technology shrinks

Presenter
Presentation Notes
M1 have to carry the discharge current from M2, M3, … MN and CL so make it the largest

MN only has to discharge the current from MN (no internal capacitances)
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Fast Complex Gates:Fast Complex Gates: 
Design Technique 2Design Technique 2

Transistor ordering
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Presenter
Presentation Notes
For lecture.



Critical input is latest arriving signal



Place latest arriving signal (critical path) closest to the output
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Fast Complex Gates:Fast Complex Gates: 
Design Technique 3Design Technique 3
Alternate logic structures

F = ABCDEFGH

Presenter
Presentation Notes


Reduced fan-in -> deeper logic depth



Reduction in fan-in often offsets the extra delay incurred by the NOR gate (second configuration).



More next lecture on which of these configurations is best
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Fast Complex Gates:Fast Complex Gates: 
Design Technique 4Design Technique 4

Isolating fan-in from fan-out using buffer 
insertion

CL
CL

Presenter
Presentation Notes
Reduce CL on large fan-in gates, especially for large CL, and size the inverters progressively to handle the CL more effectively



Again, more next lecture
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Fast Complex Gates:Fast Complex Gates: 
Design Technique 5Design Technique 5

Reducing the voltage swing

linear reduction in delay
also reduces power consumption

But the following gate is slower!
Or requires use of “sense amplifiers” on the 
receiving end to restore the signal level 
(memory design)

tpHL = 0.5 (CL VDD ) / IDSATn

= 0.5 (CL Vswing ) / IDSATn
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