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 Write yournameandID numberclearlyonall pages.No questionsanswered.


 Attemptall questions.Markingschemefor all questionsaregiven.


 If in aquestionyou areaskedto makeanassumption,thenyoumustuseit.
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[1] (10 marks,1 markseach)Mark Trueor False.

1. Body (substrate)of PMOStransistorsareusuallygrounded. Q True Q False

2. A CMOStransmissiongateconsistsof aPMOSandanNMOS transistor

connectedin parallel. Q True Q False

3. Stick diagramsmaybeusedto estimatetheareaof logic gates. Q True Q False

4. Usingonly thetrue(not inverted)inputs,it is impossibleto implementa

CMOSnon-invertinglogic gatein onestage. Q True Q False

5. An idealflip-flop is never transparent. Q True Q False

6. in modernCMOSIC technologiesdiffusioncapacitancesaremuchsmaller

thangate-oxidecapacitances. Q True Q False

7. In modernCMOSdigital circuitselectronvelocitydoesn’t saturate. Q True Q False

8. MOS thresholdvoltageis independentof source-bodypotential. Q True Q False

9. In modernCMOSdigital circuitsjunctionleakagecurrentis lessthan

subthresholdleakagecurrent. Q True Q False

10. CMOScircuitsoperatefasterat lower temperatures. Q True Q False

[2] (5 marks)Obtainthesteady-statevoltagesat thenodesof thefollowing circuit. All capacitancesare

0.1pF eachandall thetransistorshave R �TS 
�U
.
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[3] (20marks)Considerthefollowing circuit. Theinverterhasaninputcapacitanceof 6 units(i.e. twice

aslargeastheunit inverter).Theoutputcapacitanceis 345.6units.

x
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z

x
y
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 Calculatetheminimumpossibledelayfor thecircuit, if thedelayof a unit inverteris 15 ps in this

technology.


 Find thesizeof all unknown PMOSandNMOStransistorsin thecircuit.
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[4] (15 marks)Implementthefollowing functionin conventionalCMOS.Assumethatboththetrueand

invertedinputsareavailable.If therearemorethanonepossibleimplementations,do theonethatimposes

lesscapacitive loasat theoutput,i.e., faster.
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 Sizethetransistorssuchthatthelogic gateis equivalent(in resistanceandcurrent)to aunit inverter

(i.e. R 7 ��S 7 
 �
and R 0 �TS 0 
 �

). If therearemorethanoneway of sizing,do theonethatresults

in a fastercircuit.


 If theoutputdiffusioncapacitanceof a unit inverteris 12 fF, calculatetheenergy dissipationat the

output ^ .


 How muchpowerdoyousaveby operatingwith apowersupplyof 1.2v insteadof 1.8v.


