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 Logicgatesandothercomplexgates

 Switchlogic

 Alternategatecircuits
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 InverterDelays

 Fan-inandfan-out.

UNITIII
GATELEVELDESIGNANDBASICCIR

CUIT CONCEPTS



Unit-3

2

Gateleveldesign&Basiccircuitconcepts

CMOSLogicgatesandothercomplexgates

CMOSlogicgateconcept:
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CMOSStaticlogic

DesignProcedure:
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Examples:
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1.



Unit-3

6

Gateleveldesign&Basiccircuitconcepts

2.
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ComplexGates:

Transmissiongatelogic:
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Atransmission gate is a essentiallya switchthat connects two points. Inorderto pass 0’s
and 1’s equally well, a pair of transistors (one N-Channel and one P-Channel) is used as shown
below:

Whens=1 thetwotransistorsconductand connect xandy

Thetoptransistorpassesxwhenit is1andthe bottomtransistorpassesxwhenit is0 When s

= 0 the two transistor are cut off disconnecting x and y

N-ChannelMOSTransistorspassa0betterthana 1

P-ChannelMOS Transistorspassa1 betterthana 0
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This isthereasonthat N-Channeltransistorsareused inthepull-downnetworkand P-Channelin the
pull-up network of a CMOS gate. Otherwise the noisemargin would be significantlyreduced.

Tristategates:

wasted.
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MUX

PassTransistorLogic
Pass Transistor Logic (PTL) describes severallogic families used in the design of integrated
circuits. It reduces the count oftransistorsused to make different logicgates, by eliminating
redundant transistors.

DynamicCMOSlogic:

BasicStructureofa dynamicCMOS gate

This logic looks into enhancing the speed ofthe pullup device byprecharging the output
node to Vdd. Hence we need to split the working of the device into precharge and evaluate stage
for whichwe need a clock. Hence it is called as dynamic logic. The output node is precharged to
Vddby the pmos and is discharged conditionally through the nmos. Alternatively you can also
have a p block and precharge the n transistor to Vss. When the clock is low the precharge phase
occurs.ThepathtoVssisclosedbythenmosi.e.thegroundswitch.Thepulluptimeis



Unit-3

11

Gateleveldesign&Basiccircuitconcepts

improved because of the active pmos which is already precharged. But the pull down time
increases because of the ground switch.
Thereareafewproblemsassociatedwiththedesign,like

 Inputshavetochangeduringtheprechargestageandmustbestableduringthe
evaluate. If this condition cannot occur then charge redistribution corrupts the output
node.

 A simple single dynamic logic cannot be cascaded. During the evaluate phase the first
gate willconditionallydischarge but bythe time the second gate evaluates, there is going
to be a finite delay. By then the first gate may precharge.

MeritsandDemerits:

DominoCMOSLogic
This logic is the most common form of dynamic gates, achieving a 20%-50% performance

increase over static logic. When the nMOS logic block discharges the out node during evaluation
(Fig. 5.12), the inverter output out goes high, turning off the feedback pMOS. When out is evaluated
high (high impedance in the dynamic gate), then the inverter output goes low, turning on
thefeedbackpMOS deviceand providing a low impedance pathtoVDD, This prevents the out nodefrom
floating, making it less sensitive to node voltage drift, noise and current leakage.
Domino CMOS allows logic gate cascading since all inputs are set to zero during precharge,avoiding
erroneous evaluation from different delays. This logic allows static operation from the
feedbacklatchingpMOS,butlogicevaluationstillneedstwosubcycles:prechargeandevaluation.
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Dominologicuses onlynon-invertinggates,making itanincompletelog family.Toachieve inverted logic, a
separate inverting path running in parallel with the non inverted one must be designed.
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Pseudo–NMOSLogic:

The inverter that uses a p-device pull-up or loads that has its gate permanently
ground.Ann-devicepull-downordriver isdrivenwiththe input signal. Thisroughlyequivalent to
useof adepletionload isNMOStechnologyand isthuscalled 'Pseudo-NMOS'.Thecircuit isused ina
variety of CMOS logic circuits.
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BasicCircuitConcepts:

SheetResistanceRsanditsconceptstoMOS

Thesheet resistance isa measureofresistanceofthinfilmsthat haveauniformthickness. It is
commonly used to characterize materials made by semiconductor doping, metal deposition,
resistive paste printing, and glass coating.

Example ofthese processes are: doped semiconductor regions (eg: silicon or polysilicon)
and resistors.

Model:
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TypicalsheetresistanceRsofMOSlayers
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Fig.(a)NMOS Inverter(b)CMOSInverterresistancecalculations
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AreaCapacitancescalculations

Standardunitofcapacitance:
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CalculationofDelayunitτ
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InverterDelays:
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FaninandFanout:
• Fan-In=Numberofinputsto alogicgate

4inputNANDhasaFI=4

2inputNORhasaFI =2,etc.(SeeFig.abelow.)

• Fan-Out(FO)=Numberofgateinputswhicharedrivenbyaparticulargateoutput

FO=4inFig.bbelowshowsanoutputwire feedinganinputonfourdifferent logic
gates

• Thecircuit delayofagateisa functionofboththeFan-Inand theFan-Out. Ex.m-

input NAND: tdr= (Rp/n)(mnCd+ Cr+ kCg)

=tinternal-r+ktoutput-r

where n=widthmultiplier, m= fan-in, k= fan-out, Rp=resistanceofmin inverterPTx, Cg= gate
capacitance, Cd = source/drain capacitance, Cr = routing (wiring) capacitance.
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Summary
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AssignmentQuestions:
1. Describethefollowing:

a) Pseudo-nMOSLogic
b) DominoLogic.

2. Discussaboutthelogicsimplementedingate leveldesignandexplaintheswitchlogic
implementation for a four way multiplexer.

3. Describeaboutthemethodsfordriving largecapacitiveloads.
4. Describeaboutthechoiceoffan–inandfan–outselectioningateleveldesign.
5. What arethealternategatecircuitsavailable?Explainanyoneofitemwithsuitable sketch

by taking NAND gate as an example.
6. ExplaintheTransmissiongateandTristateinverterlogic.
7. DescribethenMOSandCMOSinverterpairdelays.
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