
Switchlevelmodelling

Switchlevelmodellingformsthebasiclevelofmodellingdigitalcircuits.
theswitchesareavailableasprimitivesinVerilog,theyarecentralto
designdescriptionatthislevel.

Basicgatescanbedefinedintermsofsuchswitches

Byrepeated and successive instantiation ofsuch switches ,more
involvedcircuitscanbemodelled.

Itprovidesalevelofabstractionbetweenthelogicandanalogtransistor
levelsofabstractionanddescribingtheinterconnectionoftransmission
gateswhichareabstractionofindividualMOSandCMOStransistor

Basictransistorswitches

 Consideran N-MOS transistorofthe depletion type ,N-MOS
transistorismadeupofn-typesourceanddrainandap-type
substrate

 TherearethreemodesofoperationinN-MOS

1)VG<VS

Wherevggatevoltageandvsissourcevoltage

Whenvg<vs,thetransistorisoffandoffersaveryhighimpedence
acrossthesourceanddrain.i.e.transistorisinZstate.

2)Vg=vs

Thetransistor isinactiveregion.itrepresentsaresistance
betweenthesourceanddrain.

3)Vg>vs

The transistoris fully turned on .itrepresents a very low
resistancebetweensourceanddrain.

N-MOSenhancedmode

 Whenvg=vs,transistorisinoffstate

 Whenvg<vs,transistorismoderatelyonorinactiveregion

 When vg>vs ,transistoris in on state representing verylow
resistance.



N-MOSswitch

Whencontrolinputisat(1)highstate,theswitchison.Itconnectsthe
inputleadtotheoutputsideandofferzeroimpedence.

Whencontrolinputislow,theswitchisoffandoutputisleftfloatingi.e.
isinZstate.

IfthecontrolisinZorXstate,theoutputmaytakethecorresponding
value.



P-MOSswitch

Whencontrolisathighstate,theswitchifoff.

Whencontrolisatlowstate,theswitchison,inputisconnectedtothe



outputandouputisatsamestateasinput.

Forotherinputvalues,outputisatothervalues.

CMOSswitch

ACMOSisbasicallyaninverterlogicthatconsistofp-mosatthetop
and n-mos atthe bottom whose source and drain terminalare
connectedtogether.

Orwecansaythat,acmosswitchisformedbyconnectingpmosand
annmosswitvhinparallel,theinputleadsareconnectedtogetheronthe
onesideandtheoutputleadsareconnectedtogetherontheotherside.



Ithastwocontrolinputs

 N–controlturnsontheN-MOStransistorandkeepsitonwhenit
isinthe1state.

 P–controlturnsontheP-MOStransistorandkeepsitonwhenitis
inthe0state.

Syntax

Cmosswitchinstanitiated

cmoscsw(out,in,N-control,P-control);

Where

Cmos:keywordforswitchinstantiation



Csw:nameassignedtotheswitch

Out:outputvariable

In:inputvariable

N-control,P-control:controlvariable

modulecmosswitch1(out,in,n-control,p-control);

outputout;

inputin,n-control,p-control;

nmosn1(out,in,n-control);

Pmosp1(out,in,p-control);

endmodule

moduletest_cmosswitch1();

regin,n-control,p-control;

wireout;

initial

begin

in=1’b0;

n-control=1’b1;

p-control=~n-control;

end

always

begin

#3in=~in;

#3n-control=~n-control;

#3p-control=~n-control;

end

initial$monitor($time,”in=%b,n-control=%b,p-control=%b,out=%b,in,n-control,p-
control,out);

initial#39$stop;



endmodule

CMOSSwitch2

modulecmosswitch2(out,in,control);

outputout;

inputin,control;

wirep-control;

notg1(p-control,control);

Cmos(out,in,control,p-control);

Endmodule

moduletst_cmosswitch2();

regin,control;

wireout;



cmosswitch2(out,in,control);

initial

begin

in=1’b0;

control=1’b1;

end

always

#5in=~in;

always

#3control=~control;

initial$monitor($time,”in=%b,control=%b,out=%b,in,control,out);

intial#40$stop;

endmodule

CMOSinverter



Cmosinverterformedbyconnectingann-mosandap-mosswitchin
seriesacrossthesupply.theoutputterminalarejoinedtogethertoform
thecommonoutput

Similarlytheinputisusedasthecommoncontrolinputtoboththe
switches

 Whentheinputislow(0),transistorQnisoff,butQpison.

Supply1isconnectedtotheoutput.Hencetheoutputishigh

 Whentheinputishigh(5v),transistorQpisoff,butQnison

Supply0isconnectedtotheoutputhencetheoutputislow.



moduleinv(in,out);

outputout;

inputin;

//internaldeclarationa,bdeclaredasnetsconnectedtosupply0andsupply1

Supply0a;

Supply1b;

nmos(out,a,in);

pmos(out,b,in);

endmodule

CMOSnandgate



Cmosnandgateconsistoftwopmosandtwonmosgates

Whenxandyarehighi.e.(5v),thenthetwopmosp1,p2willbeinoff
conditioni.e.opencircuitedandthetwonmoswillbeon.theoutputout
willbeshortedtogroundandproducezerooutput.

Ifanyoneoftheinputislow(0v)correspondingpmoswillbeshortedand
nmoswillbeopened,output(out)isshortedtoVdd i.ehighoutput.

Modulenand(x,y,out);

Inputx,y;



outputout;

supply1Vdd ;

supply0gnd;

wirea;

pmosp1(out,Vdd,x);

pmosp2(out,Vdd,y);

nmosn1(out,a,x);

nmosn2(a,gnd,y);

endmodule

CMOSnorgate

Modulenor(x,y,out);



Inputx,y;

outputout;

supply1Vdd ;

supply0gnd;

wirea;

pmosp1(a,Vdd,x);

pmosp2(Vout,a,y);

nmosn1(Vout,x,gnd);

nmosn2(Vout,y,gnd);

endmodule

NOSinverterwithpullupload



Q1:nmostransistor

Q2properlybiased,formsanactiveresistanceandisloadonQ1

Wheninput(in)iszero,Q1isoff,outispulledupandisatstate1

i.e.out=1

wheninput(in)isone,Q1ison,outispulleddowntozero

i.e.out=0

modulenmosinv(out,in);

outputout;

inputin,supply0;

pullup(out);

nmos(out,supply0,in);

endmodule

moduletst_nmosinv();

regin;

wireout;

nmosinv(out,in);

initial

in=1’b1;

always#3in=~in;

initial$monitor($time,”in=%b,out=%b”,in,out);

initial#30$stop;

endmodule

NMOSnorgatewithactivepullup



Modulenor3nmos(in1,in2,in3,out);

Inputin1,in2,in3;

Outputout;

Wireout;

Supply0a;

nmosQ1(out,a,in1);

nmosQ2(out,a,in2);

nmosQ3(out,a,in3);

pullup(Out);

endmodule

moduletst_nor3nmos();

regin1,in2,in3;

wireout;



nor3nmos(in1,in2,in3,out);

initialbegin

in1=1’b1;

in2=1’b1;

in3=1’b1;

end

always

#2in1=~in1;

always

#3in2=~in2;

always

#5in3=~in3;

Intial$monitor($time,”in1=%b,in2=%b,in3=%b,out=%b”,in1,in2,in3,out);

Initial#24$stop;

endmodule

Bidirectionalgates

TherearesixdifferentswitchprimitivesusedinVerilog

i.e.

nmos

pmos

cmos

rnmos

rpmos

rcmos

lastthreeareresistiveswitches

theseallareunidirectionalgates,whenturnedon,thegatesestablishes
aconnectionandmakesthesignalatinputsideavailableattheoutput
side



Veriloghasasetofprimitivesforbidirectionalswitchesaswell.

Theyconnectthenetoneithersidewhenonandisolatethem whenoff

Thesignalflowcanbeineitherdirection

Therearesixtypesofbidirectionalgates

 tran

 rtran

 tranif1

 rtranif1

 tranif0

 rtranif0

tran

trangateisbidirectionalgate oftwoports,wheninstaniateditconnect
thetwoportsdirectly

thustheinstantiationistran([instance_name](in,out,inout);

tran(s1,s2);

itconnectthesignallines1ands2

eitherlinecanbeinput,inout,output.



rtran

itisresistivecounterpartoftran.

tranif1

Itisbidirectionalswitch,turnedon/offthroughacontro,linewhen
controlsignalis1,itisinonstate

Andwhencontrolsignal=0,switchisinoffstate

Syntax

tranif([instance_name](in,out,control);

tranif(s1,s2,c);

Ifc=1

S1,s2 are connected and signaltransmission can be in either
direction

rtranif1

Resistivecounterpartoftranif1.

tranif0



Theactionofthisswitchisreverseoftranif1.

Itisoffifcontrol=1andonifcontrol=0

Syntax

tranif0[instance_name](in,out,control);

tranif0(s1,s2,c):

Ifc=0

S1,s2 are connected and signaltransmission can be in either
direction

Ifc=1

Switchisoff,s1ands2areisolatedfrom eachother

TIMEDELAYSWITHSWITCHPRIMITIVES

nmosg1(out,in,ctrl);hasnodelayassociatedwithit.

 Theinstantiation

nmos(delay1)g2(out,in,ctrl);

hasdelay1asthedelayfortheoutputtorise,fall,andturnOFF.

 nmos(delay_r,delay_f)g3(out,in,ctrl);

hasdelay_rastherise-timefortheoutput.delay_fisthefall-timeforthe



output.Theturn-offtimeiszero.

 nmos(delay_r,delay_f,delay_o)g4(out,in,ctrl);

hasdelay_rastherise-timefortheoutput.delay_fisthefall-timeforthe
outputdelay_oisthetimetoturnOFFwhenthecontrolsignalctrlgoesfrom 0
to1.

 Delayscanbeassignedtotheotheruni-directionalgatesinasimilarmanner.

 Bi-directionalswitchesdonotdelaytransmission–theirrise-andfall-times

arezero.Theycanhaveonlyturn-onandturn-offdelaysassociatedwiththem.

tranhasnodelayassociatedwithit.

tranif1(delay_r,delay_f)g5(out,in,ctrl);

Whencontrolchangesfrom 0to1,theswitchturnsonwithadelayofdelay_r.
Whencontrolchangesfrom 1to0,theswitchturnsoffwithadelayofdelay_f.

 transif1(delay0)g2(out,in,ctrl);representsaninstantiationwithdelay0as

thedelayfortheswitchtoturnonwhencontrolchangesfrom 0to1,withthe
samedelayforittoturnoffwhencontrolchangesfrom 1to0

INSTANTIATIONSWITHSTRENGTHSANDDELAYS

nmos(strong1,strong0)(delay_r,delay_f,delay_o)gg(s1,s2,ctrl);

rnmos,pmos,andrpmosswitchestoocanbeinstantiatedinthegeneralform inthe
samemanner.Thegeneralinstantiationforthebi-directionalgatestoocanbedone
similarly.

STRENGTHCONTENTIONWITHTRIREGNETS

netsdeclaredastriregcanhavecapacitivestorage.Suchstoragecanbeassigned
oneofthreestrengths–large,medium,orsmall.

Drivingsuchanetfrom differentsourcescanleadtocontention


