| CONTENTS |

UNIT 1: NUMBER SYSTEMS AND DIGITAL LOGIC FAMILIES .... 1.1-1.105

1.1 Review of NUMDEL SYSLEMS .....cceeie i eercecrns e cencsiensscsre e s e s e s saeensnnssees 1.1
1.1.1 ~ Decinal iMbEr STSIEM «oiviciicsininssiisssiosiasisnsiscvsssivisissssssisisdussasons 1.1
1.1.2 ' Binary number SVt «siiusiasmissimisinsigiamisisivasiissiasosssmosongie Lol
1.1.3 Octal nUMDBEr SYSIEIN ... .resensssssorssssssssoisssiassssisssaaisssissssiaviassisisssonsnsis 1.2
1.1.4 Hexadecimal nUMDET SYSLEIM ...ccvevererivieisiarinieisinssssasnersensensessssassssens 1.2
1.I.5 Relation between Decimal, Binary, Octal and

Hexadecimal DUMDEYS c.iuuvissmssusiinssinssssasvivassnmssnsivessossesosesmns 1.2
1.1.5.1 Conversion of Binary to Decimal number system ................. 1.2
1.1.5.2 Conversion of Octal to Decimal number system................... 1.3
1.1.5.3 Conversion of Hexadecimal to Decimal number system........ 1.4
1.1.5.4 Conversion of Decimal to Binary number system .........cesueuu 1.4
1.1.5.5 Conversion of Decimal to Octal number system..........ccc...... 1.5
1.1.5.6 Conversion of Decimal to Hexadecimal number system ....... 1.7
1.1.5.7 Conversion of Binary to Octal number system ..................... 1 7
1.1.5.8 Conversion of Binary to Hexadecimal number system.......... 1.8
1.1.5.92 Conversion of Octal to Binary number system ........c.ccevveuean. 1.9
1.1.5.10 Conversion of Hexadecimal to Binary number system........ 1.10
1.1.5.11 Conversion of Octal to Hexadecimal number system ......... 1.10
1.1.5.12 Conversion of Hexadecimal to Octal number system ......... 1.12

1.2 ADHIOEHE OPEIALIONS cuivsivsciissesmsuscarssiusarisssssiessiniasromismsrssnmssasssnenvasnsesssms iose 1.13
121 BInary adaiion ..cieiinisisassiansinisessessassessnss iossssanss 1.13
1.2:2 Binsky SUBHACHON «oisesnmmmmmosssiiripinse s dmeisomm 1.14
1.2.3 Binary multipHeation ... sisisissismsssisssissisosassssassnsuonsissssisssssssssssnse 1.15
124 Binary@Vison. o s s Ty ieisopy 1.16
1.2.5 Representation of binary NUMDBET ......ccvveeesisieissseinsesnnsessnsssessssssssanans 1.17

1.2.5.1 Signed binary number representation..........cceceeeeeseseesnsesnnns 1.17
1.2.5.2 1’scomplement representation ..........coceveesneesrieerinsninsusnens 1.17
1.2.5.3 2’scomplement 1epreSentation .. ccossmimmmermssmmssonsassnsarasisoss 1.18
1.2:6 1’scomplemEntsubiacCtion . s asnsismeaisomsmaiessasssssassss 1.19
1.2.7 2'scomplement SUBIIBCHON iwissisuisisivsssincsimmsasarsaimssdanssasssosvassoss 1.23
1.2.8 Representation of Decimal nUmbers .........coocceieiinminieninnnincnsenennnnas 1.27
1.2.8:T 98 COMPIEIIBNL 1isissmsesssssississsnsassassissisvvessiniossssssiesseidsoonsis 1.27

1.2.8.2 9’s complement SUBIFACtION ....cocerereurenmmamcsncsnesssenssnesnssassesns 1.27



Digital Logic Circuits

C2

1.2.8.3 10’S COMPIEMENt ....vvriniusinscssrasmnsmssnssssnssssisasmasssssasssssssseases 1.30

1.2.8.4 10’s complement SUDATACLION ..cvevseenennsssansansensssasonisiossnsannss 1.32

1.3 BIDATY COUES ceuerrsermmsrmmmrssssesssssstrssssssssssssssessssssasssssssmssssssssasassssssassntianssssesess 1.35
1.3.1 WeiGhted COES .eovuriummmriiusesssssssrmsnssisnissmssssarnassssansasarassssonssaeasesss 1.35
1.3.2 BCD (8-4-2-1) ccerrsisissmmmsssssmsemsssasssssssssssssassassssisssssssssassssassssssenss 1.35
1.3.2.1 BCD addition ....cceeeeeeermmesirissmimsmsesssssssssmassnsssnsnsnissensssses 1.36

1.3.2.2 BCD Subtraction .....coeveesscorerseesnsvassesassusssssnssnsssssassasensassnsses 1.40

1.3.3  Non-weighted COAES ...cuvwmrmmmminrimmmmrsmemnmssisssmsssassasssisissasssissasse: 1.44
1.3.4 EXCESS-3 COUR orvermnrrrirerenenermesasiasismsesssnssnssesssssssssmsnsssssssssssasessassssaess 1.45
1.3.5  GTAY COAC 1uvruucunireriesssmmusnisssissssssssssssstssamsmessassssasssesiatinssssssssassssssssases 1.46
1.3.5.1 Conversion of a binary number to gray code.......ccovuevesueren: 1.46

1.3.5.2 Conversion of gray code to DINary .......ceeescscnrsnscinnsucsnnenss 1.47

1.3.6  Sequential COES .....cummrmmimmmsmnrsssisrmssssssnsnasssssssssssstasts s ssaasies 1.48

1.3.7  Alphanumeric COAES ......uumuemusmmmsiisismmmsmmssssssssnssssssssississssasssesees 1.48

1.3.8  ASCII COAR c.vouirrirmrrererarianrererrsassasssssessanssassesssamssssansnssnsssssssnssssnesess 1.48

1.3.9 EBCDIC COE ....cerviumrerrermranramesiosissismnsesnssssarsssssasassassassssasnssssasensarass 1.50
1.3.10 Error detecting and correcting codes .........ocovuvesmmnucssnssranssissasesniions 1.50
1.3.10.1 Parity COAE .vvrerecrivrmrcrrereseniiessssssasssssasssssisnesssinsnnssssnss 1.50

1.3.10.2 Hamming COAe......courueuemercsrmissinmessssasssissasssmsnssessassessassonss 1.51

1.4 Boolean Postulates and LAWS ........cocccemseecrscrsirisrssisssesmssssssessassssnasaasasssiee: 1.62
1.4.1 Laws in Boolean algebra ......c.coceeiieiinsisicisnisiisnnnsiasanas . 1.63
1.4.1.1 CommutatiVe Iaws ........ccserrrseessmscrmssassasaneessasssnasenssssosasassise 1.63

1.4.1.2 - ASSOCIAIVE IAWS ..c..oiarsuesassnsssssssassasonssnasansasssassnsatssssanasonsonse 1.64

1.4.1.3 DiStribUtiVE JAW ..cueeseemmsssssssnmonsisiossgssissasesssinusstssassasnssnesnsassn 1.65

1.4.2 Demorgan’s theOTCM ...ciuueunscssssimeansssesssresssssussiamesissssssssssnsassesasssnes 1.66

1.4.3 Consensus thEOTEM ......cciceesissesuosssrmssssncenesssssssnsassesannesssssasassassssans 1.67

1.4.4 Principle Of DUALLY ....ccouvereuerirermemrensiesninsssssnsessssissnasssassssasssassssens 1.69
1.5 Bo00lean EXPIESSION ..ucivescmresisesessessensnemessassessssnssesasssmsmassassnsseasssannsssassenss 1.69
1.5.1 Minimization of Boolean EXpressions ........ccccuisienisieiiessnmenssisnsssssnes 1.69

1.6 JORIC BALES .. iissmsmmsenssrumssanissammisussonssenssssasanssbsnsansnsysssinssesnanonsisssntssasasnine 1.72
1.6.1 Basmgates ............. 1,73
1.6.1.1 NOT gate (IDVEIEEr) cuussvsisssssassomnanissssisnsssasssasnarsaonsisss 1.73

106.1.2 AND GOIE iiiiiisiissiisosimssssssmrsonssonissicassssissussnsssossysevesionaress 1.74

1.:6.1.3 DR EE coimmmiims s i s 1.75

1.6.7 'Universal I8 .. - ioonic saiivnvimsarm il s A s T s 1.76

1.6.2.1 INANIDBEE ..comisvisirinmimiinios i biisiis i s s st 1.76



Contents | : C3

L6:2:2 NOR BRIE 50 iiioasisinanesstviessstrsnisob ismiisessiitindsaahisnisss 1.77

1033 . TOHHBUBRIES o, rerintiniiontosnuite i sinmmpinsty peiicorsts i b B s ee e tor ot 1.77
1.6.3.1 Exclusive OR gate (EX-OR gate or XOR gate).................. 1.77

1.6.3.2 Exclusive-NOR gate (EX-NOR gate or XNOR gate)........ 1.78

1.7 Characteristics of Digital Logic CIrCUItS ....cccmsmesssesicsissesssmansessssassssisssensasson 1.79
Ll LogielenBliivu ittt 1.79

1572 Propagationdelay ittt iamionstdissiarsirsonsitn 1.80

1:7.3 - Powet DSSIPation i o o i esstatedms b i inel ndsrsrnmmssorss 1.80

1.7.4 - Pan-0ut and Fansill ... imomsimeisenionstonsitiosssoomiisssmsses fosssaschsnionss 1.81

LD - NCEEIELRID worercitors sasimbetabiomi Ao et mant st 1.81

1.8 Digital Logic families and their CharacteriStics .........vevereeeeeeeererevesessssessersnns 1.81
1.8.1 Resistor -Transistor LOgic (RTL) ......ccccccceveruresmrmssesesscesmenessesssesssnsns 1.82

1.8.2 Diode Transistor Logic (DTL) .cccciuisiuicusssoicsssissiatssssonssssssosesnsnsarsons 1.83

1.8.3  Transistor Transistor LOZic (TTL)......ccovveeviererreeerissessesssssssnsesnesees 1.84
1.8.3.1 Multiple emitter transistor ........coueereersrrerrsereesesesneeesissnenne 1.84

1.8.3.2 Totem-pole configuration.............c.ceevrereremnnee. S TH08 Vo lt 1.86

1.8.3.3 ‘Tri-state output confIgUIation......cwemisanssaesssnisisrisinsisns 1.87

1.8.3.4 TTL characteristics ...........ceuene.s ey 1.88

1.84 Emitter ~Coupled Logic (BCLYuiniiissiiinssssisismsisssisnms 1.89

188 CRIOSIOBIE b s i e i T e s s it et 1.90
1.8.5.1 CMOS inverter............. L1 E T DS SO WL o 1.91

1.8.5.2 CMOS NAND Gate ....ccoerreeurerrerisemrsenrersorsuesesersssessssseasens 1.91

1.8.5.3 CMOS NOR GALE c..cocsnmnssencsisssisossssisessrsessssssssnssinasisesins 1.92

' 1.8:5:4 CMOS characteristios .csimmissisnisstissisipsimissivs; 1.93
1.8.6 Comparison of Logic family ..........c.ccccrurermreserusresmenserisiassmnsersssssscsens 1.94

1.9 TRi-SHEEREIES . . coiunminmiai s i S s e sieae 1.94
Short (Part-A) Questions and AnSwers ..........eeeuu.. O N AN S (T L 1.96
UNIT 2: COMBINATIONAL CIRCUITS..........ccoommmmmnenennsnsesesnannnnes 2.1-2.181
2.1 Combinational I0ZiC CITCUILS ...vvvveriismererssiesienessereasesiessnesssieesessessessessssssesesnenes 2.1
2.2 Representation of Logic functions ..........ccvvecceiininnininnsencnnnnsssenesesssnsnens 241
2:2.). = Sumof products (SOP) JOTM ..ouumsvenisosnevistibnsteSibmsaisissmsin 2.3

- 2.2.1.1 Standard SOP form or minterm canonical form.........c.c.cu.... 2.3

2.2.1.2 Converting expressions to standard SOP form.......c..cevnveeen 2.3

222 Product ol sutti(POS) IO, «.iiuscinmisissmasmsisimesessnms s 24
2.2.2.1 Standard POS form or maxterm canonical form...........ccceu 2.5

2.2.2.2 Converting expressions to standard POS form..........cccecennes 2.5



C.4d Digital Logic Circuits

2.3 Kamaugh map Representation ........ccucieisneresionniineiissssisssessesssssssssiosasscisssne 2.7
23.1 One variable K-Iap .. iiasimssiissieiiiiiiiinseisiismpsisioisissssssisare 2.7
232 Two-vVArIADIE TENAD .oreesisisssiscinssshssisssssdorsessssisiinisissiasn sieomsgoessivssss B0
2.3.3 Three-variable K-MAp ......ccceoieeesioserensessaasssssssamnsnssssssssasssssanssnssnsaion 2.9
2.3.4 Four-Variable K-map ....cccoceereeiciiniieinininesssesiniessisssssssnecsssessssaees 2.10
2.3.5 Representing standard SOP or Minterms on K-map .........cceveveeennnees 2.1
2.3.6 Representing standard POS or Maxterms on K-map........c.coeveinnnn 2,12
2.3.7 Representing truth table on K-map .......ccccoviuiiiemiiniinnicniinnencniiane. 2.14
2.4 ‘Minimization usIng K-S wicscsicaimsisssisisvivsssvenivsssmsisasassssinissssssssssssasssas 2.15

2.4.1 Grouping two adjacent ones (Pair) ...........ccercicvnsesinsensnsissennssnssanes 2.15
2.4.2 Grouping four adjacent ones (Quad) .........cooevvrnrisnneccsisnerivcennnins 2.17

2.4.3 Grouping eight adjacent ones (Octet) .c...ocorerrmiessessesernmsssasssensasesassns 2.19
25 Sunplification USINg Kamap cswwsnsissssmmisisisisrisraaisssinvbsissnisosimses 22
2.5.1 Simplification of SOP expression or minterms using K-map ........... 2.20
2.5.2 Simplification of POS expression or Maxterms using K-map .......... 2.27
2.5.3 Don’tcire conditions -cuisismininssminiimm iz giosinissasysiisiage 2.32
2.5.4 TFive variable K-map ......ccorereeesersasresasesressnsssassorsansisisrsssonsnsssprssssassss Do D
2.5.5 Six variable K-map ... 2.43
2.6 Implementation 0f COMbINALONAl LOZIC ....v.vvsuerecesseusermrersemsereesseameesesseassensens 2.46

2.6.1 Implementation of SOP expression using logic gates ...........c.cccceenn 2.46
2.6.2 Implementation of POS expression using logic gates........ccouvrreninnes 2.46

2.6.3 NAND and NOR implementations........ccccereriseeseecsnsisesseseesssesssseens 2.49
2.6.3.1 Implementation using only NAND ates...........ccceeeermreennes 2.49

2.6.3.2 Implementation using only NOR gates........ccccvererensurirernens 2.54

2.6.4 Multilevel gate implementation ..........ccocvrrneiicninnnneseees 2.61

2.6.5 Multioutput gate Implementation ..........cevceicsiiinrnrsssiiessenereesnssens 2.62

2.7  Analysis procedure in combinational Circuit ................ S At Ry ) 2.64
2.8 Design procedure in combinational CITCUILS .......c.ccrrerveserceeressnsresensenessessannes 2.70
0 N 0T L RN TN SO OUC RSNSOI S L SO, SR 2,71
2.8.2 Fulladder .. S s A g AR s

2.8.3 Full adder using half adders .............................................................. 2.73

2:84 DAITRObIERION ..o st it i sioses smassiiies 2.74

285  Full SuBLTBCIOR . oyt cnsatsanssrssssasonssanenssrnssanssassssntinnsansensianssnss snrsnrsassnsns 2.76

2.8.6 Full subtractorusmghalfsubtractors vessmarsanee s pspranse e L T

2.9 Parallel binary adder (4-Bit binary ripple carry adder) islivsngissnrs 2l D
2.10 Paralle] bifiaty SUBLPACION ivoiuiiinmminssvmmimsissisisissiessirssiiie 2.80



Contents - C5

2.11
2.12

2.13
2.14
2.15
2.16
2.17

2.18

2.19

Parallel binary adder/ subtractor ................................................................... 2.81
Fast adder-... T TN A I P 1|
2.12.1 Carry look ahead adder .................................................................. 2.81
Serial Adder/SUbLractor ........cuieiiimreismeeremeronmmssmmesssmssssanssessnses SRR 2.84
BCD adder: ..cvcersnsemmmmsmmssmssares AU R Wt - SRNRRT AR, AL 1 AUECN W 2.85
Binnry MULHPHEE .o oo iinsnmsenssaasisnsssessdeiossionmisssonsiasssmsvassssssiissmiosnboimssussoe DuS ]
55355 T W ORI - SNOURAON NN - SRS WU WIS -SRI |
% 151 T R O S R 5 A B S A A SO SR 291
ZEL1 HIMUIBPIEREE . ovirguninmmnmin s Ba92
2.17:2 Bl MUOPIEXRE .couuisiamimmmorsssissssmsassinsssissasissssiimiaiiiis s 2.93
DEHUIUPIONET oot s s e e 2.110
ZIB.T TADEIBILBIEKEE oooiisiaiini s A S et A i shisieras 2.110
2. 182 1:8 DemDIEXEE ... .orersenssssisnssonassrassonsssnssssansaonsassnsassssassianssassasanss 2.112
[0 OO VT SO S DR YDA Y NN SO W 2.115
2191 Estocd Tinme duoadil . cummminmsmssssuninpisinsioi st o 2.115
2.19.2 3-to-8 line decoder (Binary to Octal decoder) .......coceevvivvreneennnee 2.116
2.19.3 4-to-16 line decoder (Binary to Hexadecimal decoder)................ 2.118
2.19.4 BCD to seven segment Display decoder ..........cvevurersrinerniarnerennn, 2.120
2:19.5 BCD to decimal ABCORT iiiiininisisisamsissonisnsssosainsssansaramnsonsrastn 2.124
2.19.6 Applications 0f dECOETrS ........ucrrrereerenrrererereneereseeeeseesieseeessasanes 2.126
Encoder .. R T s s e e s i T
2.20.1 4-t0 21me encoder s TR AN 1.1
2.20.2 8-to-3 line encoder (Octal to Bmary encoder) ............................... 2127
2.20.3 16-to-4 line encoder (Hexadecimal to Binary encoder) ................. 2.128
2.20.4 Decinial 1o BCD @NCOARE ....cviciiiisiiasizisisiomicissssssossonsodsassmmmnsymnses 2.130
2.20.5 Priofity encoder vassasmasmiinmmnnainmniiins st amnise 2131
Parity Generator / Parity Checker ..........coeevivireinienenncnnnnnes PR SO 2.134
COABCOIMUETIEN .. ovesnsesmmsrsimsmiiasenomn snssnitsmmnassfemeeotesmiommissa e s 2.136
2.22.1 Binary to BCD O CONVETLET ....cvevererirerererernsrereeiieeeseeseaseeenenns 2.137

2.22.2 BCD to Binaty codECONVEItEL ..o 2. 139
2.22.3 BCD to Excess-3 code COtVEIIBE «.commnmmaimnnsisiiin. 2. 143

2.22.4 Excess-3 10 BCD COde CONVEITET ........ocevveresseresnesossisnssesasssssssssssss 2.145
2.22.5 Binary to Gray coOde CONVEIEN .......c.eueueveeeerieeriaeecesssesseseesesneresens 2,147
2.22.6 Gray to Binary code CONVEILET ........cueuvreveerererieerenieneresssesseseseensnns 2.149
2.22.7 BCD to Gray cOQE CONVETTET ...ceeverrerrerierisreseeseaeresneeeessenesssssesnenne 2182 "

2.22.8 Gray to BCD COE CONVEILET ....uecveereereeieiieeesceerieeasssessseresaesssenses 2.154



Digital Logic Circuits

C6

2.23 Magnitude COMPArator .. ....ereeve B Y PRI NN Y. SN 2.156
2.23.1 2 Bit Magnitude COMPATator ......iceiuumsmsmssssassssisssemsmsmsnasssenes 2.157
2.23.2 4-Bit Magnitude COMPAratOr w....veerusmssssiasmmsssssussasaseassssasensessneniiies 2.159
2.24 Quine-McCluskey method of minimization (Tabulation method) ............... 2.161
Short (Part-A) Questions and ANSWETS ....ccererseismemsusnsssssreensies T 2.172
UNIT 3: SYNCHRONOUS SEQUENTIAL CIRCUITS ....c.iecornununs 3.1-3.171
3.1 Sequential LOIC CITCULS ovuueruarerivisemssmssnsssssssssesassmsssssssassssssssssssssssssssssssasns 3.1
3.2 Latches ..occccriccsemiesseseresssssnsnnsnssas A L N> SOOI ENE - 7 3.2
3.2.1  SRLALCH .cverreremrrerinsesssssssssnnssmsssnsssassnsassssassssassasassns DR SRR 2 3.3
3.2.2 DLACA .ovvriererssesrreressaseesstststsssassssstssssstsianessssasesasasainsmsssasasetssanass 3.4
3.2.3  JEK LAIOR cooeieiiesierenseeiesesssiesstesessasssssssssssssstsssassssssnssssssasasencassnnsanseass 3.5
324 TLACH coccionesnccreriscrsssessssssensassssssssssssssmsssssssssssssasansiasassasssasiosssasis 3.6
3.3 FHP-TIOPS crverrresceesrssmessssssssssssssssiasssssssesmessastsssssessssassssisssassasssssssasasensssssessses 3.7
3.3.1  SREFUP-FIOP reuuenresemsimnimsassasnsssnssssasissisinssssssmsmsssensassissasmssnaspssssseses 3.7
3.3 D-FBPAIOD eoermensssss-srsiississss b s st it .. 3.11
3.3.3 JK FLP-flop ..oueeeerrienserenescsconanaene RS e e Y 3.13
3.3.4  T-FIP-FIOP coveriiiinmnmuinsesnnmsssssnmssassssmasssssssssasssssssnasasissasnssssassssssissssans 317
3.3.5 Master slave SR FLP-flop ..o 3.19
3.3.6 Master slave JK FIP-flop...ccccuiminiisicnnctisnsssssnnssssirasesiann 3.21

3.3.7 Characteristic table, application table and characteristic equation of
FIP-FIOPS cvvvvvseorenssrseseessssasesssssssssemmsssasssssssesssessssssssasmssssassssssssssossases 3.23
3.3.8 Level triggering ...coeeveurnsenss iRt s et A URRESS 3.25
3.3.9  EdQe trZEEIING cvvuorrerumrerersrmmremsesssessssssisssssssssassnsssssssssassassssasssssssasss 3.25
3.4 Realization of one Flip-flop using other Fip-flop .......coouemmrmreismmsmncscusencees. 3.25
3.4.1 Designof D Flip-flop using SR Flip-flop ...coveersnmrimmmniiininiscaiencnns 3.25
3.4.2 Design of D Flip-flop using T Fp-flop ...c.ccimmiericnnsisnicinsnacisninnn 3.26
3.4.3 Design of JK Flip-flop using SR FHp-flOp «...ovueevecieesisicasiorensennncns 3.28
3.4.4 Design of T Flip-flop using SR Flip-flop .....cccomunruervimnnminnssnnsasenscnes. 3.29
3.4.5 Design of T Flip-flop using JK FP-flOD vuueuususssssssrisinesissssssssssssssanes 3.30
3.4.6 Design of T Flip-flop using D Flip-flop .c..ccvviurmeriinniininiiniciininiens 3.31
3.4.7 Design of D Flip-flop using JK Flip-flop ....cccoerruiinmnniiiniinissnnccnes 3.33
3.4.8 Design of JK Flip-flop using T FIp-flop .c.ccoeerreciiinsiniuninsnmsierenences 3.34
3.5 Serial Adder/Subractor ......ceecercsresmersirimimmiinsinmmessssissistsssss it inssasssnnens 335
3.6 COUNLELS ....ooveriurersorancrusersrsssvssostissaossassessassasanssotassnsosstssasssssssnsssssssarsannasisesssss 3.38
3.6.1 Asynchronous (Ripple or Serial) COUNter.......cceeiesinimnissiniensisnnnens 3.39

3.6.1.1 Asynchronous up-counter (Ripple or serial up-counter) .... 3 39



Contents C7
3.6.1.2 Asynchronous down-counter (Ripple or serial

AOWIL COUNLET) ..evveviririessisnrenisnmsssssssarsssssisssisasssssssssessessaranss 3.41

3.6.1.3 Asynchronods Up/DOWN COUNLET .veveerrarurmssersisssosissensasians 3.43

3.6.2 SYNCHIONOUS COUMLETS ....cvucuuiuriunsrrisssmmrssssssssssssssrsssssssssissasassssassess 3.44

3.6.2.1 Synchronous UP-COUNLET ..........ceermresrsermmmommsnrsrsisnisenes TH- 3.44

3.6.2.2 Synchronous down-COUNEr ...........ccvarssirmarsussismsunsessnessons 3.46

3.6.2.3 Synchronous Up/DOWN COUNtET ............cummsmersmresssrsssrenseses 3.48

3.6.3 Programmable COUNLET .....ccuuimererersansmmmmnssennstetssessssssssranssssesensssesssens 3.49

3.7 Analysis of synchronous sequential CIrCUILS ..........ooemimimacniensissnsiisnnisinennns 3.50

3.8 Design of synchronous COUNETS .......ccuuivenreimiunirimsensisisnesesisminessssisnsnsssasnens 3.58

3.8.1  State QIAGIamM i.simisssissoinsisssorssisssosnissrsisarassssonsroseonsanssssnsssssssons 3.58

0T T o ) L N AU SO — 3.58

3.8.3 State Minimization or state reduction ........ccmmiieisnniemensersnernssssonies 3.59

3.8.4 State asSIGNMENL ;..ccrvsessisissisesesesssisisinsnssssssssarsissssisrssnsassosssasaresssssssss 3.61

3.85 EXcitation tABle .iaiissmssiiiiivmiiiisiniisissisiisvsisnsrivisiss 3.62

386 “EXCHEHONTADS wmsmummiv i amsamirsas i sasra ey 3.62

3.8.7 'Circuit IMpIEMEHTAION csiuviuivscisisisaismisisaisssossansssassmanssssassasasas 3.63

3.9 General models in sequential CIFCUILS .......ceovveresersesereenrrarernsrenns DL S e 3.64

391 "MealymoBel i amis i e s e 3.64

392 Nobre oAl nimmumsuamimmiim s st ssisivmsisesiarns 3.64

39.3 DESIEnEXAMNPICS invpsmisvrsisnsimoiprmistinsmsassasivsioes 3.65

3.10 Modulo-n-Counter .........ccoueiemvmrivessuenses GRS — 3.113

1Y BEEISIEH cviuionsioriiinssivmsmisnsiomeso i aiioh s ioss s TR TR eSO US4 3.116

3,111 ShiR RERISErS ioiccciisssmsssmiisivirmimsaiesatissmmsive i T 3.116

3.11.1.1 Serial In-Serial Out shift register (SISO shift register) ..... 3.116

3.11.1.2 Serial In-Parallel Out shift register (SIPO shift register)... 3.119
3.11.1.3 Parallel In-Serial Out shift register (PISO shift register)... 3.120

3.11.1.4 Parallel In-Parallel Out shift register (PIPO Shift register) .... 3.122
3.11.1.5 Bidirectional shift re@iSter ...........ccvrieeererrceereesreriaeesnneeneens 3.123
3.11.1.6 Universal shift register.......c.ccvveviuriinncnrnisinceinnensneenns 3.124
3:11.2 Shiftrepister COUNIRES «.isivisiisississonsoiisiiosisivssmasssstssisaiaioiosasasssassss 3.125
3.11.2.1 Ring Counter (Standard ring counter)............cvererueinernrens 3.125
3.11.2.2 Shift counter (Johnson or Twisted ring counter) ............... 3.127
Désign of S6qUENCE AETECIOT ciiviwasassstamisinsisioniossssssonss Giasismsisstnossnsabissisinus 3.130
3.12.1 Non-overlapping sequence deteCtor .........cverrrerrereersresereesnrassasseses 3.130
3.12.2 Overlapping seqUence deteCtor ..........ceoerrrreeeeruesseeransseisunsassanssenes 3.140
SEHUEHICE PENSTALOTE i sisiisiaiimnsds iiiatasssresasint 44 sk nmnpenssssrassassasaseses 3.155

Short (Part-A) Questions and ANSWETS .......cceeeeeeeevererraramserseesesseressessssserene 3.162



Cc8 Digital Logic Circuits

UNIT 4: ASYNCHRONOUS SEQUENTIAL CIRCUITS AND

PROGRAMMABILITY LOGIC DEVICES ......cc.e0.: T — 4.1-4.140

4.1 Asynchronous sequential logiC CIFCUILS o..eeruenessirsismssmmsnsssisssnssensssnsssssssesees 4.1
42  Analysis of asynchronous sequential 10QIC CIFCUILS .euvvrnrarsssarsesessusuensansesanianess 4.2
42.1 Analysis of Fundamental mode sequenhal CITEUIts .....csemainammiiins 4.2

422 Analysis of Pulse mode sequential circuits .. ST . 11

4.3 Reduction of state and flOwW tables .......ccvecimnsiinniiinisiinnnese 4.15
4.4 Race free state aSSIGNMENL .o..oucuuecieesneisinserssrisansss s sasr s siee 4.18
4.5 Incompletely specified state MACKINES w.ovivirrmsmmsrsnrirnssiimsti e 4.20
4.6 Design of asynchronous sequential CIrCUItS .....ooversmviimismisismmmmmnencessessneescenee 4.21
4.7 Problems in aSynchronous CITCUILS .......covemmrssisrermniinmssssnsssssmsssnsensasesees 4.47
4.77.1. RACES csicirsisississssovesasssuscsvnnannesesnasrrns R o 4.47
4.7.1.1 CritiCal TACE ..ccccvrreerrsrmersnrrssssansosssnsseasssssesseasss e 4.47

4.7.1.2 NOD-CIItICAl TACE 1vvrrcreerrrrmsraserssnssssssssmeressesanssassssssssssssssnenss 448

B.7.2  CYCLES crurrurereemeensssnesssssissssissesssssssissias st s 4.49

4.8 TAZATAS .ooverevrreesesersrressosseseessesmsmsenesssssassemsestarssssssstastssiesanssssnenassassanssssssssanase 4.49
4.8.1  Static HAZArdS ..ooveeeeererecemsmmmnssirisniessessssssssissiosissssssmssssssmnasasesssssaes 4.49
4.8.1.1 Static-0 Hazards......ccocereeveeseeseerissnmsmssnossmssnsiessinssassasssnsnses 4.49

4.8.1.2 Static-1 Hazards........cceeerresrersamssessumesssssnsmssiissssnesssnmnsssanes 4.51

4.8.2 Dynamic HAzZards.....cooeeeeeereinmmnionorsusnisininsisnanssssssnsssssnmsnnsisee: 4.52
4.8.3 Essential HaZardS ........ccovreererressersessacsnmsassasesssassssissssssssassassssssnsnsises 4.52

4.8.4 Design of Hazard Free switching CIrCUts ......ccccvminesiisisissnssncisnens 4,52

4.9 Algorithmic state machines (ASM) ... 4.59
4,10 MEINIOTY .eveurueneesenssonsrssesessesiorssssanssssasmerssssstsssesssssssssassssssssmasaistastsnsnessasasnsess 4.64
4.11 Classification Of MEIMOTIES ...c..cvereriessinsremsisssseessansssossessssassssssnssssssnsssnessssans 4.64
4.11.1 Read only memory (ROM) .....coiivinimncimnmnienicinisinsnisscaes 4.65
4.11.1.1 ROM OIZANIZALION ..vvvveescrcrsnsesnnaesmssassssssssssssissamstarasasasanss 4.65

4.11.2 Types Of ROM .....cccomnmruvmmmmsmmerssnesssissenisssemssssssssassssssessssssissasiies 4.67
4.11.2.1 Masked ROM ............ L evivoeesitis e R AR 4.67

4,11.2.2 PROM (Programmable Read Only Memory)......oeuucusunese 4,68

4.11.2.3 EPROM (Erasable Programmable Read Only Memory).... 4.68
4.11.2.4 EEPROM (Electrically Erasable PROM) / EAPROM

(Electrically Alterable PROM)....ccvoesvsserresesssesessssessee 4.68
4.11.3 Random Access memory (RAM) ...ccccoveveniiineiiiiensunmmeninieii. 4.68
4.11.3.1 RAM Organization ......uweeesessessesessasssssssssesesssmssssesiassssasssans 4.69

4.11.3.2 Write and read OpPeration.......ccuuererseesmsnssassisnsscssanssesansne 4.70



Contents C9

4327 ATDESOTRIIM. )i ciosuonsasittomssmsesmmbonssesismasisenssbammisossss coose scesuisn ol abuisss 4.70
AA2.1 BIRCRAI wosiiaisissssisinsametsassnsonsitonscheonsessentossssestsssisssmsshissstisdisine 4,70
4.12.1.1 Bipolar RAM Cell c..oouvueeereemsveeeeseeesoeooeooeoeeooesosoee 4,71

4.12.1.2 MOSFET RAM Cell ...vvvvereecemrrronneseeseoooeooeoeoooooeoosn 4.72

4.12.2 Dynamic RAM .....co..ovevuuorusessmnsessssessssssessosssessesseeses s 4.73

4.13 Memory cycles and Timing waveforms sbisassrernesiseistesansansstassansannaraaresassnssonses B T4
4.14 Memory DecOding .............ocreererceresresssnsooososssossssnss 1T S OO G 4.76
4.15 Memory EXpansion .............wwe.ceneunn. R N SRR T 4.78
4.15.1 Word size expansion..............oocoveovn.. R e S s 4.78
4.15.2 Memory capacity expansion snsenvrevansirasaneeR I S B B 70

4.16 Programmable logic devices 4 AT R ORI A RO 4.81
4.16.1 Programmable Logic Array (PLA) .....ovovmvvorooooooooooooooe 4.81
4.16.2 Programmable Array Logic (PAL) ...cevveovvsooomoooooooooooooooen 4.83
4.16.3 Programmable Read Only Memory (PROM).....cccoveeeereeererrresenn 4.84
4.16.4 Implementation of combinational circuits WS PLA. . iseminsnio 4.85
4.16.5 Implementation of combinational circuits using PAL .....viecesinasiins 4.104
4:16.6 Implementation of combinational circuits using PROM .................. 4.116

4.17 Sequential Programmable DEVICES ...........cvverrvveererrssossooooeoooooosesooen 4,124
4.17.1 Sequential programmable logic devices (6450 11 ) O S NIAN 4.124
4.17.2 Complex Programmable logic devices 815 525 ) ANRUEES Y 4.125

4.17.3 Field Programmable gate Array (FPGA) . co-censesrmississssisvssississss $: 126
4.18 Application Specific Integrated Circuits (ASIO): vt 42108

4.18.1 Full custom ASIC ........ccouremmrreemeneneeeeseesesseseeesesssseso, i — 4.129
4.18.2 Standard-cell based ASIC.........oveomveremrmeemerreoosoeoeooeoesesosoeeeoee 4.130
4.18.3 Gate array based ASIC ........oveeeermerooeesoreessooooeoeoeoosooeoooee 4.131
4.18.3.1 Channeled gate artay .......cceuuvemmmmresomssssonommsesoonseosessssonis 4.131

4.18.3.2 Channel-1ess gate array ............cooevevvoeroeoooeooeooooeoooooons 4,132

4.18.3.3 Structured gate array ...........ooovveevvseemoreoeosoooesooeooeoeeesoon 4132

Short (Part-A) QUestions and ANSWETS w.........ov.evverveeooeseos oo, 4.134
UINUT- 52 VI Lo ommuiminnvusisssissisili fosiecasnmedissaxmmsssaseromsivest oomssoreiras 5.1-5.61
5.1 Introduction to Hardware Description Language (HDL) ......c.cccrvrvmmmnnrunenne, 5.1
S. 1.1 LOgICSIMUIAHON .....ouorrvurrensseressesmeenemssesssesssessesssesses s eesessesssenses 5.1

1.2 LOgicsynthesis. .. vmimsissiimimmminio tsiiomennsemsmncioms e s 5.2

3.1.3  TIMUNGANAIYSES ......ocvuervemerensercrseseeseeeseesessssessessoeeees s eses e sesses 5.3
5.1.4  Post Synthesis SINUIAtON .........ooevveeooeeeeeeeeeesses oo 5.3

5.1.5 Hardware generation .............cocooeveeurennne.. SRR R e 5.4



C.10

Digital Logic Circuits

5.2

:JI
(V3]

5.4
2.9

5.6

5.7

5.8
5.9

RTL Design (Register transfer level) .......c..cooeuneene

5.2.1 VHDLEntry..... e
5.2.2 Data types ....ccvivessenesessrsirssns

VHDL modeling approaches ........cov it

5.3.1 Dataﬂowmodcling........;....
5.3.2 Structural modeling ............

5.3.3 Behavioral modeling........ccceeveernnniicniciciniiniins
VHDL for Combinational logic circuits..............

VHDL for Sequential logic CIrCUILS .....cveveruirenreinsinsnnas

5.5.1 Finite state Machine (FSM) ........

OPEIALOTS ..vovvereruiisessesessentaesesse e sa s s sn s a bbb s

5.6.1 Logical operators.....
5.6.2 Relational operators.............

5.6.3 Shift OPerators ......ccoeeviieeimerecseesunnnnneainee
5.6.4 -Arithmetic OPErators .......cccoerenrmieiininnnesinisiisssinens
5.6.5 Concatenation OPErator ........cccorevreressescrrmnssesans
5.6.6 Miscellaneous OpPerators .......ceoeisereseesseiss

Packages... wom W
5.7.1 Package declaratlons
5.7.2 PackageBody..........
Subprograms ...

Testbench...

5.9.1 Types of Testbcnches

5.9.2 Waveformgenerahon..

Short (Part-A) Questions and Answers ........
Anna University Question Papers .........

w4
R
s D0
. 5
R ..
. L
e 5014
s D10
RIS
scnmnsiaiy, S
e 5.44

5.5%
45 99



