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ABSTRACT

This research proposes a teaching methodology that utilizes three laboratory setups,
which are the hands-on laboratory, the computer simulation, and the programmable logic device
(PLD) laboratory, in a digital circuit and logic design class of the department of Engineering
Education, Faculty of Industrial Education, King Mongkut Institute of Technology Ladkrabang.
The objective of the research is to find the effectiveness of the teaching method in term of
students’ feedback and opinion. The tools using in this research are a set of lab sheets, a computer
simulation program called digital works, and a laboratory equipment box. The box is portable and
contains a PLD board with a displaying module, a breadboard, the TTL ICs with wires,a 5 V DC
power supply, and accessories. After each instructor’s lecture, students get an assignment to
complete a lab sheet, which includes 3 parts; the simulation, the hands-on laboratory, and the
PLD programming. The students have to spend time after class or at home to finish the
assignment each week.

After two consecutive years of using the teaching method, the students found that the
way of laboratory setup helps them to understand the theories and to be able to apply them to the
related advance courses. Also, they agree that all 3 parts of the laboratory are important and
encourage them to have more hands-on skill. However, they take much time to finish all

assignments.
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1. mﬁmamﬁ 1: a@%ﬂlﬂﬂﬁuﬁ”lu (Basic Logic Gates)

2. minaaesd 2: Tassheasimnanaznguifisadinydu (Logic Gate
Networks and Boolean Theorem)

3. maneaesit 30 edduiidmualdliauysel uaznisangilasld
uEUAan3 Tl (Incompletely Specified Functions and Karnaugh Maps)

4. ﬂﬁ‘l/lﬂﬁmﬁ 4: 7181 VHDL n‘ﬁmﬁ'u (Introduction to VHDL)

5. N13NAADIA 5: uruian1s Turnag9esdnsaavg1uaes (Kamaugh
Map and Encoder)

6. MINAABIN 6: 2IFTAMUEITY (Sequential Counter)

7. MINAARH 7: 2WTTUAWEIND 2 (Sequential Counter 2: VHDL)

g’; ~ a o g’; dy 9
lunumnaasananuanlylunisdseaseil lduaas i lunianuan .



16

332 msadganaaslfin
a o g}./ dy Aa oA [} 1 1 d’ A d[ v =K o [}
luadeasail ganaaeal JiinzdneglunasunsoaledainAnEIAINITOUHINGY
° ] 1 1 4 d o
hu'lliinisnaaedld Taglundaznaeilsznouaie 3 diufe searuissiasiwants
J a ua
PO (simulation program), A 1ns Iavesauaz lod TTL, nazyalfuanisuunTisunsy
y 9 2 = 1
1aa1en 181 VHDL Faiis1oaziduanil
14 J o . .
3.3.2.1 soanuI591a09Wan1500nNLLL (simulation program) [2, 6]
s <o s 29 Yo o Y
yoaridstiaenanisoonuuy 1y llsunsunlydmiumsnsiadeuniugnaes
A 9 =\ ] 9 a 4 ] o
Yoawai lwanmssenuuyTaslinisudainai un1aniienounIne s lugduuua1e fu
[ a A J o a o dy J
wunaaanaluglunuvesaodn vieuaasnaluguunvesginsaidiass lun13iveil wod
s s P : Y
Winsngnidenldne sedvlui¥e Digital works ¥3a319T08 David John Barker T1)sunsusail
= = o an zil Y =
upaauiaiigane lun1sTianeasATARaLAz199TATINILBIAY Taslinisuaadnalugilves

q

7o [ 1 a 1 a 4
aUnsalvranuru tnalszanaee Wadwaslaies Uanuueismes LED 1ag 7 segment

q

Y Y [l
wona1ni 11sunsuiidlulisunsuilssinn freeware 9 ludpaudsmldaislan

3322 yalwslqueiauazlod TTL

v
Aav A v v

o Tns Iavesauaz lod TTL AlFlumsiseilfluganaassinlyl Tavditedaginsal

SBe

1 A o = o 9 A o @ Y
a9 nindAnpT1tiudelFlunstsenevieesnaassmuluaundiviue oulaun Tnsl
4 Jd 1 1 Jd o @ o
V03N 1oBHUDTAI 1T 7400 7408 7432 LED 7segment azginssidmiuadedayn o
a = Y =~ 4
Wit Feareen lediues 555
33.2.3 yaUfiamsuunlysunsylddaen1un VHDL
Y Y
msasyalfiamsuunTdsunsulaaaen 1 VHDL diuaiuidenseil §ide
s 2 { '
wonldesauasszanainisalysunsuldanisen3in CPLD (Complex Programmable Logic
Device) G?ﬁﬁmmcﬁ’u%uag:iwdw PAL (Programmable Array Logic) ttag FPGA (Field
o 4 { ] o { 1
Programmable Gate Array) ttaz 9 nAaauLiAve9gUnssilszinn CPLD Niivtien1usn 1
A A = 1 [ o Y =~ 9 [ a o dy ~
woumeie litinsvienasau vld cPLD fianuwmmnzaulumslFauduauideil i
S Y o o o o Y 9
unfAnudeaihginsal llvhmsnaasuazihmudainaliiniuauminaasinsrnaeuuon
2 = = 19 19 A 7 @ A Y
naneu Faauieny lilyvesneuiuaes namnsaad Inaansoud lldsunsu1a
Y ]
CPLD e1313983194729950090 1@N941Y Combination 1A Sequential Tag CPLD %
A a v H, dy Y a o . 2 A A o
onlFlunsitoasall I8un CPLD aszna XC9500 Y0913 1N Xilink Fallgaauiianauda
i a A ¢ ] ¢ L g A
Tua13139% 3-1 Tunisnaaesludmigaveia CPLD 14 IC U935 XC95144XL Guilu 1C Nl

Y
UIUVININUA 144 ) Uﬁiﬁgﬁ@ﬁ]ﬂmﬁm1ﬂﬁﬂ 3200 tn#



17

M13799 3-1 AUEAIAYDIFN CPLD A3zNa XC9500

XC9536 XC9572 XC95108 XC95144 XC95216 XC95288
Macrocells 36 72 108 144 216 288
Usable Gates 800 1,600 2,400 3,200 4,800 6,400
Registers 36 72 108 144 216 288
Tep (NS) 5 75 75 75 10 15
Tsy (NS) 35 45 45 45 6.0 8.0
Teo (NS) 40 45 45 45 6.0 8.0
fonT (MHZ)™ 100 125 125 125 11.1 922
feystEm (MHZ)2 100 833 833 833 66.7 56.6

Notes:
1. font = Operating frequency for 16-bit counters.
2. fgysTey = Internal operating frequency for general purpose system designs spanning multiple FBs.
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lunumsnaaesi 1
aedNNANUG M (Basic Logic Gates)

v
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1. $1avsaeannANUgIUA8 1U5UNsY Digital Works 19

wa a dy ' Y 4 Y
2. Llﬁﬂﬁﬂﬂlﬁmﬂﬁﬂlﬂﬂa@ﬂﬂLﬂ@]W‘L!iTL!IﬂEJﬂTﬁ@lﬂﬂﬂzﬂiﬂuIWiT@]U@iﬂUlﬂ

ginsainsnaaes
1. Ins1duesa
2. IC TTL 7404, 7408, 7432, 7486
3. LED

v A
ANNINUIIH
a & . . A 1 2 Y
A2INNANUIIU (Basic Logic Gates) mzﬂmﬂuﬂlmmuﬂﬁzﬂaumﬂ
[ @ t4 a
1. NOT Gate l¥dnyanual 1aza1319A21093 90D

! A — A
X 19 X #I9 ~X

NOT x—l>o— y "

' 9 [
1C N1FlunsAe19956M5U NOT gate 1'1a1A IC TTL 7404 H3921/52n0 UM NOT gate

11U 6 gate ALLAAI 1Y data sheet 1

[ @ L4 a
2. AND Gate 1¥dnyanual 1aga13 993400

XY #5090 XY #3090 XAY

X Y
—] 0 0

AND Z
Y 0 1
1 0
1 1

' b4 [
1C N1FlunsAe29956M5U AND gate 3 18R IC TTL 7408 #492152n0UAIBAND gate

MU 4 gate AUAAY 1Y data sheet 2
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1% L4

3. OR Gate Gl%'ﬁ’maﬂym LAZAITNAIINDIIAD

9

X+Y %50 XVY

X y | z
X

OR zZ 0 0 0
Y

0 1 1

1 0 1

1 1 1

' b4 [l
1C N1FlunsAe29956 M5V OR gate 1 1@1LA IC TTL 7432 F99z52nOUAIY OR gate 14U

4 gate aadaalu data sheet 3

A o @ J 1%

9
4. XOR Gate (Exclusive OR) B NAYANHULAZAITINAIINITY il

X Y VA
X 0 0 0
XOR XPY Y VA
7 0 1 1
1 0 1
1 1 0

' 9 [
1C N1FlunsAe299561M5U XOR gate 1 lA1A IC TTL 7468 F9921)52n0URIY XOR gate
MU 4 gate ALAAS 1Y data sheet 4
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v R A 9 o o dy A o = ~ Y=
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Y Y] Y o <
tazd LED aulriunn <07 aaluaisia
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3. nAAPUAMANIAYDY IC 1UDTA1NY 9Tl TTL 7404 7408 7432 1A 7468 AIUN15ADIIVTAY

datasheet 1oz 319 1 udmaawai LED
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M3 UNIHANINAALIN 1: NOT Gate
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a d
aUNN X 1INWNY

(NqH4)

d o
@INYN (31899)

d
@INWN (D

2929)

M3 UNINANINAADIN 2: AND Gate

duNNn | duwn YN YN ($1309) | 101N (A0
X Y (NqH) 2999)
0 0
0 1
1 0
1 1

M3 UNINANINAADIN 3: OR Gate

duNN | dun YN YN ($1309) | 101NN (A0
X Y (ngu 2999)
0 0
0 1
1 0
1 1

M50 HNDNaNIsNARRIT 4: XOR Gate

a a d d o Jd
UWN | BUNM ®INUN MY (§1809) | 10NN (AD
=
X Y CGEh) 2999)
0 0
0 1
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[2] David John Barker, Digital Works for Microsoft Windows, available at: http:/www-
scm.tees.ac.uk/users/d.j.barker/digital/digital.htm

[3] Datasheet available at: http://www.datasheetcatalog.org/
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Datasheet 1

@ MOTOROLA

HEX INVERTER

SN54/74LS04

HEX INVERTER

LOW POWER SCHOTTKY

i". " J SUFFIX
H AAA CERAMIC
TR [ G ] MR chsctes
GND !
N SUFFIX
PLASTIC
CASE 646-06
, D SUFFIX
] 4\@ soIC
1 CASE 781A-02
ORDERING INFORMATION
SNSALSHX Ceramic
SNTALSXXEM Plastic
SNT4LSXXD  SOIC
GUARANTEED CPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Yoliage 54 45 50 55 W
74 475 50 525
Ta, Operating Ambient Temperature Range 5 —-55 25 125 “«c
74 0 25 70
loH Quiput Current — High 54,74 -04 mA
oL Output Current — Low 54 40 mA
74 8.0
FAST AND LS TTL DATA

2-1
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SN54/74L804

DC CHARACTERISTICS OVER TPERATING TEMPERATURE RANGE (urless ctherwise specificd)

1 immils
Symbaol Parameter Min Ty Max Urit Test Conditions
. S i . i tuaraniess Input HIGH Yo'taga for
‘x."_ Input 4IGH Veliage 2.0 ¥ Al Inouts
51 07 FR— PR FVoltzge
Vi Inpurt LEIW Voitage " {f;ua an!eeu Input LOWY Yaligge for
74 nF Al Inputs
Wik Inpui Zlamg Diode Yolace -063 ] -1.5 W Vo =MIN, iy =—12 M4
a4 2.5 3.5 W Woers — MIN iy — MAY. Wig =
L. 3 Ll e I OH - A YN — YIH
Vol DUt HIGH Voltage = =7 oy v o W per Trirh Taile
T4, 74 025 | o4 loL -2.0mA Yoo =Yoo MIN,
YoL et | OW voltage VIR =YL o VIR
74 nas | nF lop = A0 mA per Truth Table
20 WA Voo S MARK Y =27V
Iy Inpul HIGH Currenl - - m— -
0.1 ma Ver = MAK, Y =T 0
L Input LW CUrTent -u.a ma | Voo = mMAax, viy=U04aw
Iog Shuwl Circuil Currenl (Nule 1) -20 -100 na Voo = MAX
Mowsar Supply Currant
loc Tolaal, Oulpul HIGH 24 mA Ve = MAX
Tatal, Cutput LOW BE
Hata 1: Mot rers than ons cutput ehou'd ke shorbed al a tine, or for mors than 1 escond.
AC CHARACTERISTICE (Ty = 2£°C)
I immils
Symbol Parameter Min Tyi Max nit Teat Conditions
L TLr-0f Dizlizy, Input 1o Cutput 2.0 15 ns Vi — G0V
tapL Tur-Cn Delay, Inout to Cufput 10 15 ns Cp=13pF

FAST AND L= TTL DATA

52
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Datasheet 2

@ MOTOROLA

SN564/74L808
QUAD 2-INPUT AND GATE

QUAD 2-INPUT AND GATE
LOW POCWER SCHOTTKY

[

JSUREIX

HD ,
[ T = [ < B O NI oo

GHD ,
N SLIFFIX
MLASTIC
CASF FdFR-NA
@ D SUFFIX
SO
e CASE T51A 02
ORDERING INFORMATION
SRl 5XH.] RN
BMALS RN Flazhc
SNTAL3XAD  S0I1C
GUARANTEED OPERATING RANGES
sSymibcl Haramater i I¥yp Max Uit
VeC SLpply Yoltage 54 4.5 3.0 55 \
T4 475 5. 525
Ta Cperating Ambien: Temperature Ranges 54 55 2E 125 G
T4 D 25 fil
IoH Ciput Current — High 04, 74 -04 s
IoL Csiput Current — Low 54 40 ms
T4 Rl

IASTAMULS |IL DALA

a-1
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SN34/74LS08

OC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless ulhziwise specilied)

Limis
Symbol Parameter Min Ty Max Unit Teat Concitions
Vi Input HIGH Volage 33 » Z:I,I:jrilr}te;ed INput HIGH valtage for
4 or =ua ST
i Inout LOW/ Victiage — — v ;Ill..l.::m:m INpLE | OO Vinlraoe Tor
Wk Input Clarmp Diodz Yoleoc 065 145 W Voo =MIM, = 123 mA
4 25 3.5 Vi — — MAY Vg =V
Vou Output 11311 Veltage — — - ;?;}}L ;2','%[';%1*_3';‘;;"“ TN
4, 74 D25 | 04 lgL—4.0ma Yoz =Yoo MIN,
VoL Culpul LOW Voltage Wi - WL orYip
74 035 0.5 lo — 8.0 m#A per Trulh Table
2C pi Veop = MAK Vi =27 Y
fiH Input G- Current =
0.1 A Voo = MAR YN =T.0Y
I Input LOVY Cumrent -0 mA Voo — MAX, Wy —CA Y
li s Short Circuit Currznt [Note 1) —-20 —100 maA Vi = MAax
Powszr Supply Cunentl
I lotal, Dutput H i3H 45 mA Voo — MAX
Tetal, Cutput LOW R
ote 1: Mot more than one oufput ehould be shored at a time, nar for vore fhan 1 escond.
AC CHARABCTERISTICS (15 = 451)
Limits
Syimbul Paranelen Min Typ Mazx Uil Tesl Coundilions
P4 Tum-CIF Nalay, Inpa s fo Ot | 15 ns Ve =50V
t:-_HE Tum Cn Delay, Input to Cutowl 10 2C ns Cp-1IpF

FAST AMD LS TTL DATA

-~

L
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Datasheet 3

@ MOTOROLA

QUAD 2-INPUT OR GATE

GUARANTEED OPERATING RANGES

SNb54/74LS32

QUAL 2-INFUT OR GATE
LOW FOWER SCHOTTRKY

J SLUFFIX
CCRAMIC
CASEG312-D8

W SUTTIX
Pl ASTIC
CASE 646 08

O SUrTIx
lelled

CASC 73A-02

ORDERING INFORMATION

SMNoALEX erame
SHTALOXEN  [Mastic
SMNALEXXD =010

Symbaol Pararmetar Min ™R Max Unit
Yoo Suopily vollage Ad 4 F AN L] W
74 475 50 £.25
Ta Cperating &mbeni Temperaiure Range 5 =55 25 125 R+
74 i 58 T
Ic | CLtpl; Current — =ign a4, 74 —0.4 ma
Izl Coalppr: Coperezld — © 1nw Ad 40 mA
74 2.0
FAST AKMT S TT! NATA

r_
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SN54/74LS32

DC CHARACTERISTICS CYER CPERATING TEMPERATURE RANGE iunless vlliziwise spetilied)

Limits
Symbol Parameter Min Typ Mex Unit Test Conditions
Vi Incut HIGH Voltage 20 W Eﬁ'lﬂrflf:":ffld Input HIGH Veltagz for
. i nr Guarantead Input LOW Yoltage for
ViU Ierpend B O i e = T W AllInpts
Vi, Incut Clamp Diede Vollage 0G5 —-1.5 W Wize - MIN, iy -—18 mA
4 25 3.5 W Ve — - MAE Vg =
’ N Voo T MIM, Igq T MAKL VN T VY
v Qutput HIGH Yoltage 7 T St v or V)L per Truik Table
o4, 74 023 04 W Iz - 4.0ma Voo =Vrn MIN
VoL Output LOW Voltags VI =YL oY
i 035 Ua v I — 4.0ma par Truth Table
20 uA Wip = MAK Vi =2T7Y
i1 Input HIGH Current -
0.1 mA Ve = MAX, Vi =70V
I Input LOW Curren: 0.4 mA Vi = MAX, V=04V
oS Shor Circult Currert (Nofe 1) -20 -0 ma Voo - MAX
Power SUpply Carrent
e Total, Juiput HIGH 0.2 i Vo = MAX
Total, Cwiput LOW 9.3
Mulz 1. Mol mwwe than onz vuloul should be sholzdeUe Bre, oo Tos move lhan 1 ssoono,
AC CHARACTERISTICS (14 — 2871
Limitz
Kyl Pararelen Min Tvp Max Linil Thst Connlilions
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[1] Randy H. Katz and Gaetano Borriello, “Contemporary Logic Design, 2" edition,” Pearson
Education International, 2005.
[2] David John Barker, Digital Works for Microsoft Windows, available at: http:/www-

scm.tees.ac.uk/users/d.j.barker/digital/digital.htm
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[1] Randy H. Katz and Gaetano Borriello, “Contemporary Logic Design, 2" edition,” Pearson
Education International, 2005.
[2] David John Barker, Digital Works for Microsoft Windows, available at: http:/www-

scm.tees.ac.uk/users/d.j.barker/digital/digital.htm
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M13199 4-1 AUAVIAYDIFN CPLD A3zNa XCI500

XC9536 XC9572 XC95108 XC95144 XC95216 XC95288
Macrocells 36 72 108 144 216 288
Usable Gates 800 1,600 2,400 3,200 4,500 6,400
Registers 36 72 108 144 216 288
Tep (NS) 5 75 75 75 10 15
Tgy (NS) 35 45 45 45 6.0 8.0
Teo (NS) 40 45 45 45 6.0 8.0
fepr (MHZ)() 100 125 125 125 111 922
foystem (MHZ)@ 100 833 833 83.3 667 56.6

Notes:

1. four = Operating frequency for 16-bit counters.
2. fgyerem = INternal operating frequency for general purpose system designs spanning multiple FBs.
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VHDL Tutorial
Tuduihindnyazaie ISE Project 3411 Project vz1/5zneudae lilgaren Asuiluluns
atauaza i Tnanaslugunsel CPLD Tumsa$ia Project sl v lddadl

1. Fonldsunsu Xilinx ISE Design Suite 1181 ISE Project Navigator %3&%@%1!%1

2. 1@ File > New Project 928 New Project Wizard %HNW 19%1a location ﬁ1ﬂ§ﬂ1ﬂil%ﬂ1ﬁﬂ‘ﬁ
DAVHDL (Main@nuiadna directory Tvafde VHDL #ila$vl D)

3. WU tutorial Tu%e4 Project Name Lﬁ@ﬁﬂﬁﬂy1ﬁuﬁ’ tutorial TU¥D4 Project Name TGCRLERY
subdirectory G?;'E’J tutorial Qﬂﬁ’%}NsﬁuﬁJﬂTuﬂaﬂlu directory D:\VHDL

4. 1Aon HDL 11n310m31l3£1011983 Top-Level Module titouond1 llalusedugagavosiaia
il HDL ‘1514 Schematic 150 EDIF %30 NGC/NGO

5. 1fen Next e lUgnihamauiinvesTusida

6. “ldﬂmﬁuﬁﬁﬁ’qu!
Device Family: XC9500XL CPLDs
Device: XC95144XL
Package: TQ100
Speed: -7
Top-Level Source Type: HDL
Synthesis Tool: XST (VHDL/Verilog)
Simulator: ISim (VHDL/Verilog)
Preferred Language: VHDL

4 o 1 1 ] wa 1 ]
udaudon Next e Tldsdruae 1 Fuiluagivesnmeaniinaieg voellsin

Marme: |Digital_|0gic ‘ L

Location: I E:ipersonal|digitalidigitals3labidigital_lablyHDL Digital _logic ‘

Working directory: iE:'l,personal\,digital'l,digitaISS'I,Iab'l,digital_labWHDL'I,DigitaI_Iogic ‘

Description:

Project Settings

Property Mame Value -

Top-Level Source Type |HDL L

Product Category Al v

Family HKC9500KL CPLDs b

Device HC951446L ) ]
Q100 v

Package 0 v 1

Speed -7 w 3

1

Synthesis Tool ¥5T (WHDLVerilog) ~ T

Sirnulataor 15im (YHDLverilog) w

Preferred Language WHDL w

Property Specification in Project File Stare all values w

farual Camnila Cwedar ] s’

ok || _camcel ][ hep
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7. Tudemindnuiszadialid HDL 3¥AUYA (top-level HDL file) dmsulysida Mvuanizii
doans1¥1hidu VHDL Tastden Project > New Source 11831800 Source Type 111 VHDL
Y 1] [ '
Module W301A1%0 File name 111 NOTgate 1azAan Add to Project #331) 1d1d0n Next 1ilo

autiunsao 'l

&= New Source Wizard

select Source Type
Select source bype, File name and its location,

[©] Schematic

E User Document

werilog Module

W] Verilog Test Fixture

'y YHDL Module
WHOL Library

[F] YHOL Package

) VHDL Test Bench [noTgate]

File: name:

Location:

[D:AwHDL Tuterial

Add ko praject

L Mext = ,][ Cancel

8. A1MUA ports d1115U VHDL source laglila X uay Y aslunad port names LULLENLD?

[

° 1 ] I a A 4 = A A Yy A A o
LAgNMUUANLAQS port Lﬂuauwﬂmmmﬂw‘Vli]mmm’oﬂml @Ngﬂ 1aaon Next LW@ul‘]JfN

J 1 2 a = y & = .
duee i Fuiluaglvesnuaniaves New source NYNas 193y uazidon finish

&= New Source Wizard

Define Module
Specify ports for module,

Entity name ‘ MOTgate

Architecture name ‘Eehaworal

Fort Kame Direction

c
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"
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v

1 o

B0 50 15

[ < Back ]L Mext = J[ Cancel ]




64

9. a¢laTsiRadagl

= ISE Project Navigator, (M.53d)

File Edit Wiew Project Source Process Tool  Window  Lavout  Help C
DAHG L kDBXxvwa| [ ALRHAR[ABETZ[ IR PEL
Design 13 -- Dependencies: A
[ Yiew: @ $ mplementation O 13 --
5] [y = 15 -- Revision:
= 16 - Revision 0.01 - File Created
gy o E rotorsl = 17 -- Additional Comments:
(= B wc95144%-7TQ144 = 5o .
5 [lefs MOTgate - Behaviaral (NOTg. o
e 20 library IEEE:
g 21 use IEEE.STD LOGIC_1164.AiLL;
A 2z
5 33 -- Uncomment the following likrary declaration if using
Bl 24 -- aritimeric functions with Signed or Unsigned values
-— % 25 --use IEEE.NUMERIC_ STD.ALL:
- x| 25
27 -- Uncorment the following library declaration if instantiating
28 -- any ¥ilinx primivives in this code.
23 --library UNISIM:
30 --use UNISIM.VComponents.all;
» | ¥) NoProcesses Running 31
4] | Processes: NOTgate - Behavioral 32 entity NOTgace is
33 Port ( X : in STD_LOGIC:
g ¥ Design Summary/Reports . v i mie STRALOEE:
g Design Litilties i =
2 User Constraints e
- T Implement Design 37 architecture Behavioral of NOTgate is
38
39 begin
40
L
4z end Behavioral:
43
44 ]
< [T >
b= stan ‘ =3 Design | Fies | B Ubraries| B MOTgate.vhd [T Design Summary x|
Console 08X
-~
Started : "Launching ISE Text Editor to edit NOTgate.vhd". b |
Launching Design Summary/Report Viewer. .. -

"4 start /2 i j Documentz -, [ 1S Lo BB T &EYT niian

' a o
10. 3¢9 begin 11a¢ end Behaviral; T

Y <=not X;

[

o 4
asgl) udniuiinlia dremsiden File > Save

EE ISE Project Navigator (M.53d) - D:WHDL\Tuterial\Tutorial. xise - [NOTgate.vhd]

Flle Edt Wiew FProject Source Process Tooks  Window Layout  Help -8 x
DBHP LD bX|wa| »ip FRIrELEQ
Design 13 -- Dependencies: ~
[ view: © 183 mplementation O 14 -
15 -- Revision:
] [ Herarchy = 16 ~-- Revision D.01 - File Created
& Tutoris| a 17 -- kdditional Comments:
= £ xc95144x-7TQ144 = e
B [3):5 MOTgate - Behavioral (NOTG... .
= 20 library IEEE:
g 2L use IEEE.STD_LOGIC_1164.ALL;
A 2z
o | 23 - Uncomment the following library declaration if using
el 24 —- arithmetic functions with Signed or Unsigned values
= M| 25 --use IEEE.NUNERIC_STD.ALL:
- %% | 26
27 -—- Uncomment the following library declaration if instantiating
28 -- any ¥ilinx primitives in this code.
28 —-library UNISIN:
30 --use UNISIM.VComponents.all:
» | ¥) MNoProcesses Running 31
! | Processes: NOTgate - Behavioral 3z entity NOTgate is
33 Port { ¥ : in STD LOGIC:
& R e 34 ¥ : out STD LOGIC):
- Design Litiities 35 end NOTgate: -
=4 User Constraints e
=i €2 Implement Design 37 architecture Behavioral of NOTgate is
- 38
33 begin
40
G g ¥ <= not X:
4z
43 end Behavioral; -
44 v
< = >
= stat | 22 pesign [ Fies [ Liraries| | ) NOTgate vhd aJE Dessign Summary =]
Console +08& x
,i'g INFO:HDLCompiler: 1061 - Parsing WHDL file "D:/VHDL/Tutorial/NOTgate.vhd" into library work
4 INFO:ProjectMgmt: 656 — Parsing design hierarchy completed successfully.

4 [ Qy g {
1. WnfAnpiansaasrvdeunnugnaesne hensal 1d Tasnisi@enaduianani Check Syntax

M01& Implement Design 1A Synthesize-XST 110 lufianudanaiavzilsingniesuie

=D.
a0}
e®.
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2 ISE Project Navigator (M.53d) - D:WHDLATutorial\Tutorial:xise - [NOTgate.vhd]

“Check Syntax”

[B Fle Edt view Froject Source Frocess Tools  Window  Layout  Help
DAED [sbDXxwd| i prEB,BNBETDLR[PZLC
Design < E8 x| § 13 -- Dependencies: ~
[ | view: © {G} implementation O muation 12 -
i 15 -- Bevision:
& i 16 - Revision 0.01 - File Created
=] 5] Tutorial 17 -- Additional Comments:
B £ xO5144d-7T0144 w B
&8 [il% NOTgate - Behavioral (HOTg i
) 20 library IEEE:
& 21 use IEEE.STD LOGIC 1164.ALL:
A 22
B 23 -- Uncomeent the following library declaration if using
A
@ 24 -- arithwetic functions with Sigmed or Unsigned valuss
- | 25 --use IEEE.NUMERIC STD.ALL:
n %% 26
27 -- Uncomeent the following library declarstion if instentiating
28 -- any Xilinx primitives in this code.
29 --library UNISIN;
| 30 --use UNISIM.VComponents.all:
¥ BQ MoProcesses Runring 31
7, | Processes: NOTgate - Behavioral ~ 3z Ent.l;y No'trgzgg is srp Losme
- e 33 ore :in ;
= {7 -
= - P i 35 end HOTgate:
S| = B)  Implement Design =
= =& SV”TES‘EET'LXSSL . 37 architecture Behavioral of NOTgate is
1 . iew RTL Schematic
= 38
, View Technology Schem. o .
@ check syntax .
Eg ;T"S‘ate 41 ¥ <= not X:
i
P2 GenerateProgramming File a2
5 43  end Behavioral; =
-  Configure Target Device -
=) Manage Configuration P. o)
©.%  Octional jop Togke M| % | >
|4 stort | B3 Design | () Files | D) braries| L@ HOTgate vhd aE Design Surmary (5]
Console 08X
Entity <NOTgate> (Architecture <Behavioral>) compiled. A
Process "Check Syntax” completed successfully

4 3 & ! ) [ ° 4 v A
12. o viuaoud 11 18 smSend mMSuNsfIMuAvIves CPLD 1o I imangauiuduym

4 A Y J dy aa R a 14 & I ] o
HAZIDINWNNADINIT 114ﬁ’mmim’ou‘1/!1/1wm@uwmtazmmw%wmmmw‘m"lmﬂu Iﬂﬂ

a a I 4 ! ° o
sunnaz launaingn 1 waziewinnazuaainail LEDI Msfimuav1ved CPLD 4114 Iag

Y J 1 1 [
Auiianani Floorplan 10-Pre-Synthesis 71901817 User Constraints 11821890001 “Yes” 1il0

@519 Constraint file (UCF) az1/51ng 1111619904 Xilinx PACE @431

Z Xilinx PACE - D:\VHDL\Tutorial\NOTgate. ucf

File Edt View IOBs Tools Window Help

IDEE & = M LR |FH

nxEE

< | >

Top View

mocOog u_|

| DEEEE | el 00N EEEECEN
= [BIR] & Package Pins for xc95144x1-T0144- | EENET

Set view such that the entire FPGA s visible
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o Ay A ' 1 s A ¢ A

13. MHUAVINGBINTIFOUADITLHMIN CPLD tazuasauaainald lasnisnunuindsanisasly
[ A 9 A Y @ 1 dy
%99 Loc #13914%M15 Drag and Drop 910 10 Name n#04n13 11/gav1ves cPLD Tuaquil
o a S I a o ° <
fviualdlFaingn 1 (SW1) iudunn wuasdesimuald Loc voe X iy P68 (:nenas

° Y s A 2 1w A o = ] v I
1HUY) LLﬁzﬂTﬁuﬂTﬂL@Wﬂﬂ%L!ﬁﬂﬂﬂ LEDI1 s53a1i9nuUU1 P91 NI UAVUTIUIDYLAN %Lﬂu

35 Xilinx PACE - D:\WHDL\Tutorial\NOTgate. ucf

File Edt Wiew I0Bs Tools ‘Window Help
IEECIE IR T iEE Hoaxap DN EEEECEE
(B [Design Brawser = [BIX] Epackage Pins for xc95144xi TQ144.7

-3 10 Pins

irection| Loc |Functi o
B Tt G I
v Output O .

Top View

I 2 Microsft... ~ | S ISE Project ... B i PACE-..  EN B T

®L) 1 vaoam

[~ @ o @ .
N UM UANaUrIM LAY UNANYIANTDUIEWT© Zoom in ey
14. WeomwnuaFeudeaudl indnmiuninInd131ae 1den File > Save audon XST default:
[
<> 11azAaN OK
= Y 1 J
15. Uanu1a19 Xilinx PACE
) ' = Y . = = [ = ' 4
16. Tumeuae lAensa3ne Program File Miiloudy Tusunsuitsioaniuutas 1a1150a194
t4 ! o v L 2 { . : ]
Tvanael 13 lugnsal cpLD 16 & 1@ Tasauiiananil Generate Program File H40¢
Meld Implement Design

. 9 da! A 1 . Y I [
17. Program File 9¢Qna3NUYU YWD NOTgate.jed memmaﬁmﬂumgﬂ
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22 ISE Project Navigator (M.53d) - D:WHDL \Tutarial\Tutorial.xise - [D:WHDL\Tutorial\NOTgate _htm\it\appletref. htm]
i Fle Edt Wiew Project Source FProcess Tools  Window Layout  Help

DPEHP L XD X|[wal sipemE.e>R|HN
Design woax 3 "
[0 view: ® 18 Implementation O mulation () ’: NK )
[z | Herarchy = nu
I 5] Tutorial
= 2 E3 xca5144x-7TQ144 4
2 = [l NOTgate - Behavioral (NOTg #" Fitter Report A
5] moTgate.ucf = Summary
g & B
Design Name | NOTgate
Fitting Status | Successful
m Software Version | M 53d
Device Used | XCO5144XL-7-TQ144
Date ‘ 7-14-2010, 1:51AM

W | B2 NoProcesses Running

RESOURCES SUMMARY

(| Pracesses: NOTgate - Behavioral ~ 3
2 % visss RTLhSc:\ama;\ch T - Function
= [$1¥] !:;J:cynn:ajgy " Equation 113;’;2?115 Pterms Used Re[g;s::rs Pins Used | Block Inputs
= B Transiate Display Style Used
T ( VHDL ~ V134 %) | 1720 (1%) | 0144 (%) | 2117 (2%) | 1432 (1%) |
=%  Configue Target Device .
Manage Corfiguration AN RESOURCES
=3 Optional Implementation T
- Bt Generats Timing .Signal Ty[oe__ Reguirerl llapperl ‘ Pin T;'l_)e | Used 1 Total
B)  Generate Post-FitSim.. Tnput 1 1 1o [ 3 110
0 Geremsied g Oupr | 1 1 |Gckio | o0 | 3 9
[ start | = pesion | Fies H@Lm@f NoTgate vhd || | 5 Design Summary (Fited) || |l DiwHDLiTutorialNOTgate_himifitiappietreF him [
Console +08x
Copyright (&) 1995-2010 Xilinx, Inc. ALl rights resecrved. 2

Process "Generate Programming File" completed successfully

& Tutorial

) ¥ A o o4 9 X ¢ ' @
18. ﬂluﬁﬂufjﬂﬂWﬂﬂ@ﬂﬁﬂW’JUIWaﬂ Program File Vl?fiN"’lJuﬁQGl.uQ‘]_lﬂim CPLD WIHNNAIYANIU

Tvan Hevi11a lasduidanani Manage Configuration Project (iMPACT) ‘ﬁf)g:mﬂslﬁl Configure

v
A 1

Y 74 v
Target Device 32 Jar111619 11111 ¥031 ISE iMPACT 1182 @utiananh Boundary Scan 92 18

[

4 4 J 1 a J J J
@Ngﬂ meﬁ@ﬂ Initialize Chain Lﬁm%meizmnmuwamemazmimni CPLD

£ ISE iMPACT (M.53d) - [Boundary Scan]

% Fle Edt View Operations Output Debug Window Help BEE
B HEE-E- & =Rl
IMPACT Flows 08 x

23 Boundary Scan

[=] SystemacE
[£] creats PROM File (PROM Fils Formatter)

Right cck £ A i ™ eesine nn Tk stine T4 tesin
Add Kilinx Device... D

Add Mon-gilinz Device. ., ik

IMPACT Processes +08x

Available Operations are:

Cable Auto Connsct
Cable Setup...

Output File Type

B Boundary Scan @

Console 08 x

< |
Conscls | @ Errors | L\ Warmings |

Mo Cable Connection | | o File Open

74 start i lah
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Y
19. 33in111A19 Auto Assign Configuration Files Query Dialog Yumlfiaen Yes NG il

DA
MPACT Flows
‘B8l Boundary Sean

Right click device to select operations

SystemaCE
[£] Create PROM File (PROM File Formatter) o

xc851 4l
bypass

€. Auto Assign Configuration Files Query Dialog

IMPACT Processes +08 X

© | Do you want to continue and assign canfiguration files(s)?
&

[[] Don't show this message again, save the sstting in praference.

Available Operations are:

=) Boundary Scan QJ

Consale 0@ x
done. ~
PROGRESS_END - End Operation. T
Elapsed Cime = 0 ==,

v

< I | 3

Console ‘0 Errors | ) Warnings |

W |ah

20. Tisunsuaz1¥iden New Configuration File tve11/5unsuasuu CPLD l¥iden lU#
NOTgate.jed 92 51111A19 Device Programming Properties Ihiaen OK

g A A sd A 9 ] o
21. AANVIUNBERDNWINFUNADINT 1T Program @Ngﬂ

M.53d) - [Boundary Scan]

@File Edit  Wiew Operations Output  Debug  Window  Help

-8 x
DAEXDDXEDx: 28 BTN
iMPACT Flows +08x
‘oal Boundary Scan
[=] svstemace
[£] Create PROM File (PROM File Formatter)
1
net Blank Check.
oo Readback...
Get Device ID
Get: Device Checksum
Get: Device Signature/Usercode
One Step SVF
Cne Step XSYF
RRE STIEroce s gl Assign Mew Configuration File...
‘;a":h‘e Operations;are: Set Programming Properties. .,
- v;:?;am Set Erase Properties. .
=) Erase Launch File Assignment Wizard
=P Blank Check Set Target Device
= Readback
= Get Device ID
= Get Device Checksum
= Get Device SignaturejUsercode
=) One Step SYF
=P One Step XIVF
B Boundary Scan [x]
Consale «08 x
i) INFO:iMPACT:S01 - '1': Added Device xc95144xl successfully. A
]
< i | >
Console |@ Emars | 1\ warnings

Configuration | |Parallsl 111 | [200KHz || [LPTL

V4 start B vHOL EN R )® O ma I
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4 o 1 3 a .
22. e lusunsudusaud ISE 92119991 Program Succeeded 1510 a111501)A iMPACT 14 11131

?ﬂllﬁﬂﬁi’l‘l]ﬁ"ﬂ‘]JﬂﬁﬁNTuﬂli’NIﬂSLLﬂiNﬁLiWﬁ%}N’jTﬁNTHulﬁ@nuﬁ@?@ﬂﬂﬁﬁ&i@”hj

[

do
W\‘iﬂ‘lﬁﬂ‘ﬁﬂﬁﬁﬂﬂﬂTbﬂ VHDL
& & i

9
M5W8UAET VHDL HulWeansunugunaisniuawaadluaisg

LX)

Boolean Equation VHDL Coding Operation

Z1=A1eB1 z1 <= al AND bl:; AND

22=A2 +B2 z2 <= a2 OR b2; OR

3= A3 ] B3 z3 <= a3l XOR bi; Exclusive OR

Z4= A4 z4 <= NOT ai; NOT
%umumimam

Y Y
1. @Weullsunsuaien 81 VHDL 4aadn15¥1auueanaiiug1ua199 a9l AND gate, OR gate
v = A Ao = A ¥
11ag XOR gate tazijfunn IUsunsuaslunundunnwanisnaaesi 1 11a2 download adlu
4
1795 CPLD
@ a 1% 4 4
2. uaanavea Tsunsy udnfunnnisaaauued LED UHUDS ALaaInau0dussa CPLD adlu
v K = a Y v K Y [ Y v XK
A5 UNANaNITNAaeaN 1 Iaevn LED aaldiunn “1” uaza1 LED auldiiunn <o”
= A Y = dy 1 dy = [ A 9
3. uisuieuwai laninngeRuounaiuguvaiiuazuFeuieununaminaaosi laninly
NUMINAADIN 1

4. ﬁ"lﬁ’f)xiﬂﬁﬁ"lx‘ﬂiﬁ]@ﬂ’lﬂ%iﬂ’JﬂLL‘U‘Ullijﬁﬁ’Wlﬂ (Half Adder) FNaUNIN0

Sum = AB+ AB
Carry = AB

Tae 141151053 Digital Works Nitaainalas LED s1aselulysunsy

= A 9 o o dy A o = = =
5. uiingdvessasi lannmstiassmsmauaslunuiiuiinwamsnaaesii 2 wazaiuiin

MIAAALUUVDI LED 12949 adluasiaiuinwanisnaaeah 2 Tasnin LED aaliiuiin <17

wazd LED auliiuiin <0” aaluaiing

6. wonvsasluinildvesalasldgunsal TTL awaumsludeoh 4 Iuaawai LED

v =K

7. uiinwams Aa/Au ¥e LED adlumsntiuiinnaniinaaoil 2 efmuadunnvena

3y 0V (@030 ©0”) uaz 5V (@090 “17)
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= Y A Y o Y =Y F)
8. meuldsunsudlreniyl VEDL e I ldamuaumsvessasurnuuy hiddmaludoe 4
v = A Ao = A Y] P
tazijunn ldsunsuaslununiunnnanisnaasdi 3 a2 download a4l u®TA CPLD AU
g}./ = 9 4
Tuaoulugionislsuesa CPLD
@ a 1% 4 4
9. uanwavedllsunsy udniuiinnsAnduued LED UUUDSALEAINAUDIEALDSA CPLD ag
Tuasaiunawanisnaanai 2

10. nffeudsunanmsnaaosiila nunguf vazwan ldvinmanaasaludon 4-7

%4

UNDHANINAADY

U

¥ v v 9
Wuiitufinnanisnaaesii 1 1151050111 VHDL veanailug1v AND, OR, iag XOR

TaJ51n5uN BT VHDL : AND Gate

TaJ51n5uH L1 VHDL : OR Gate

TaJ51n5uN BT VHDL : XOR Gate

M35 19T HNinNanIsNAaeIT 1

UWN | dUNN YN YN YN
X Y AND gate OR gate XOR gate
0 0
0 1
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YN (NgBE)

d °
INYN (31899)

d
@INWN (D

19 1W1YN (CPLD)

2999)
A B
Sum Carry Sum Carry Sum Carry Sum Carry
0 0
0 1
1 0
1 1

anlnemazasdnaminaasy

ﬁ1ﬂ13~lﬁ1ﬂﬂ1i°ﬂﬂﬁ®ﬂ

1. 2391809MIMINUVDIITLIALUVTAING (Full Adder) NUTUMTAD
Sum=ABC, +ABC, +ABC +ABC,

0

uduaaawalae 1y 1151053 Digital Works

C_=ABC +A4BC, +ABC +A4BC,
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2. ﬂ%m&uiﬂiuﬂiNﬂTHW\HﬂDLMSQOQﬂiﬂ?ﬂuﬂﬂuﬁﬁﬂﬂﬂﬂﬁﬂﬂ1§ﬂﬂﬂﬁﬂﬂ1ﬂ%@ 1 WIDUNY
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1PNE1591994
[1] Randy H. Katz and Gaetano Borriello, “Contemporary Logic Design, 2" edition,” Pearson
Education International, 2005.
[2] David John Barker, Digital Works for Microsoft Windows, available at: http:/www-

scm.tees.ac.uk/users/d.j.barker/digital/digital.htm

[3] Markur Tumkur, “VHDL Lab Manual”’, Department of Electronics & Communication

Engineering, Sri Siddhartha Institute of Technology.
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d d
MWV CPLD w%auuamuamwa

4 { o A aa 1
vosa CPLD nl¥lun1snaasilses139¥1015000UUUIIITAIADALUALIINTATINU
P P v A P P %
Usznoudleaeiueia Ao uosAnaniussgglnsal CPLD uazusiaudainadelsznouals LED
g‘/ ° [ gﬂ dy 4 ) 9 A 9, a Y o
N9%UA 8 LED Hag 7 Segment 11UIUADMAN NI vdiauaainadiminnlumsilousunnlvny
4 1% A 9 a Y 9 a a’g’/ A A 4 9
vosananiomslszuiananie Tasdunnawnsoilouldnnaingnivuadaing laun SW1-sw4
o a J 1a 4 v & o Y
msa1l lvaaldsunsuainnouiaumesgsn CPLD Tuvesananuuauisniilaniu
o X [ [ 4 I 4 [ [ [ @

Tilsunsw Xilinx wageneanil Inaadiaonguesanannianeia JTAG druuvasnie ihIdnuya

¢ £t ' ¢ ' P P o )
UDTA CPLD “]jﬂﬁ?f”lﬂ?iﬂﬂ"lﬂ%?ﬂ“l/‘l@ﬁ@] USB WIUNBTHA miniUSB UBDIUBIAYIAN ﬁ’mﬁmﬂlumwﬁﬁuma

7 Segment LED Displays
PP 2 LED1-LEDS8

=
/

@me-mz-nn-ms

FEDr17@EDR1 @DRIBEDAS |~ °

Input Switches

SW1- Sw4

Mini USB

power supply

JTAG port for
downloading a

program
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PIN Layout of XC95144XL

P127 P122 P114

P109

ne——
fNe——g5
+—

o

P1 —}E ool < P108
el
0
0
pg — >N
<+— P99
P18 —P
Top Yiew
<4— pyo
H<— P84
P29 —»
@
0
B s s s e M
P37 P42 P47 P55 P62 P72
PIN Mapping to Display Board
LED CPLD PIN 7-Segment CPLD PIN Switch CPLD PIN
1 91 A 3 SW1 68
2 90 B 6 SW2 70
3 93 C 7 SW3 71
4 92 D 9 SwW4 72
5 95 E 8 GCK 22,23,27
6 94 F 99 GSR 99
7 97 G 2
8 96 DP 4
Digit 1 12
Digit 2 10
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Karnaugh Map and Encoder
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Cs < Ce Decoder
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Hex (A|B|C|D|C |C | ¢ | ¢ |c | c |c
0 oo o0 | 0| 1 1 1 1 1 1 0
1 ojo] o | 1] 0|1 1 o | o | o0 | o0
2 oo 1[0 1 1 0 1 1 0 1
3 oo 1 | 1] 1 1 1 1 0 | o 1
4 o1 ][0 ] 0] 0 1 1 0 | o 1 1
5 o1 ][0 | 1] 1 0o | 1 1 0o | 1 1
6 o1 ] 1]0 ] 1 0o | 1 1 1 1 1
7 o 1] 1 [ 1] 1 1 1 ol 0o | o0 |0
8 1o oo |1 1 1 1 1 1 1
9 1o o | 1|1 1 1 0o | 0o | 1 1
A 1ol 1] o0 | 1 1 1 0 1 1 1
B 1o 1|1 |1 0o | o 1 1 1 1
C 11|00 |1 0 | 0 1 1 1 0
D 1|10 1| o0 1 1 1 1 0 1
E 11| 1o |1 0 | 0 1 1 1 1
F I O I O A T o | 0| 0o | 1 1 1
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arugunsnaassiiualid Tagldgdunumsuaasmaluzinaly lumsuaaananie 7



78

[ LY = o Yya T a 9 o =K
segment (M0 T la@avidmualiaadniluaniug don’t care) udriufinwanisnaasaslu
AT UNNHANINAADN 1
J ¥ 2 y v o o
2. 19 K map lumsaagdaumsvoueninniudamenisneaswadivsunmsuaainaniy 7
Y Y dy A o = A
segment 11iaAIn15ang1l Iagly K map aslunumivnanamsnaaedin 1
3. Wewresnnaumsyaui laanmsangllude 2 wazl9T1sunsu Digital Works as29e01
A Y Y o K dy A o = A
nah laudniunnnaasluiuiiuionanisnaaodii 2
4. IA0IITMIINITHAUAZUAAINANIL 7 segment 110 THHAIUANNITNAADIATIIAOUNS
o o a @ 4 @ {
MUY I99s Haztiufinwamsas/muveuomynaslumnaiuionaminaasi 2
5. @euTsunsuareniy1 VHDL e v Idawaumsversesmsdisdalude 4 uaz
o = A Ao = = ¥ ¢
HunnTUsunsvaslununiunnwanisnaaean 3 4dd download asluvesa CPLD a1
gﬂ 1A 9 4
Tupoulugionislsuesa CPLD
@ a @ 4 4
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1PNE1351909
[1] Randy H. Katz and Gaetano Borriello, “Contemporary Logic Design, 2" edition,” Pearson
Education International, 2005.
[2] David John Barker, Digital Works for Microsoft Windows, available at: http:/www-

scm.tees.ac.uk/users/d.j.barker/digital/digital.htm

[3] Datasheet available at: http://www.datasheetcatalog.org/
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@ MOTOROLA

Octal High Voltage,
High Current Darlington
Transistor Arrays

The eight NPM Darlington connected transistors in this family of amays
arg idaally swited for interfacing betwesn low logic level digital circuitry (such
as TTL, CMOS or PMOSMNMOS) and the higher current/voltage
redquirernents of lamps, relays, prinler hammers of ofher sirmilar koads for a
broad range of computer, indusiFal, and consumer applications. All devices
feature open—collector cutputs and free whealing clarmp diodes for Iransient
SUpPression,

The ULKN2B03 is designed to be compatibe with standard TTL families
while the ULMN2804 is optimized for & to 15 valt high kewval CMOS or PMOS.

MAXIMUM RATINGS (Ts = 25C and rating apply ta any one dewics in the
pack®ge, urdass ofienwise nobsd. )

Crrgar this docement by LULNIENHD

ULN2803
ULN2804

OCTAL PERIPHERAL
DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

R = 5T
O neod @caad imacdirmiem e lisnd] e drbemr.

DORDERING INFORMATION
Characteristics

Dparating
Input Tamperaturag
Device Compatibility VippiMaxigiMax) Rangs

ULM2E03A | TTL. 5.0 W CMOS

! . Ta = .
ULNzE04A | Bio1svemos paos | 0 Vo0d MA A= Ola s T0°C

Reating Symbaol Vailue Unit
Culpul Voltags v Sl W
Input Voltage (Except ULNZEE ) W) 30 W & SUFFIX

. PLASTIC PACKAGE

Collectar Current = Conlinuaus I 500 mf CASE 707
Base Cument — Confinuous g 25 s
Operating Amban Temperalure Rangs Ta Ofa +70 ]
Starage Temperabure Range Teig 354 +150 -
Junction Temperature T 126 r PIN CONMECTIONS

(=]

[=] [=] [+ [=] [~] [=]
YYYY
atala
HRE N ERE)

olc)
Y

] ‘

EREgHE

Y
B

=

=

Y
5

-

Gnd

J
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ULN2803 ULN2804
ELECTRICAL CHARACTERISTICS (Tp, = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Leakage Current (Figure 1) ICEX A
Wo =50V, Ta, = +70°C) All Types - - 100
(Wi =80V, Tp, = +25°C) All Types - - 50
(WMo =50V, Ta = +70°C, V) = 6.0 V) ULN2802 - - 500
Vo = 80V, T = +70°C, V) = 1.0 V) LLNZEDS = - 500
Collector-Emitter Saturation Voltage (Figure 2) VCE(sat) W
{lg =350 mA, Ig = 500 puA) All Typas o - 1.1 1.6
{lc =200 mA, Ig = 350 pA) All Types - 0.85 1.3
il =100 mA, Ig = 250 pA) All Types - 0.85 1.1
Input Currant — On Condition (Figura 4) |I|:Dn} s
M =17V) ULN2B02 - 0.82 1.25
V=385V LLNZED3 = 0.93 1.35
) =50V) LLNZ804 - 0.35 0.5
M =12V) ULNZ2804 - 1.0 1.45
Input Voltage — On Condition {Figura 5) Vlinn} W
(VoE =20V, I = 300 mA) ULNZB02 - - 13
Mee =20V 1o = 200 mA) LLN2a03 - - 2.4
Mo =20V Ig = 250 mA) LLNZE03 = - 27
WoEp =20V 1o = 300 ma) LILMN2803 - - 3.0
(Mop =20V, g =125 ma) LLMN2804 - - 5.0
(WoE =20 Ig = 200 mA) LILMZB04 - - 6.0
Moe=20V g = 275 mA) LILN2Za04 = - 7.0
Mo =20V I = 350 mA) ULNZE0d = - 5.0
Input Current — Off Condition (Figure 3) All Types hjoff) 50 100 - [Te
(I =500 pa, Tp, = +70°C)
DC Current Gain (Figure 2) LLMZEDT hFE 1000 - - -
Moe = 2.0V Ig = 350 mA)
Input Capacitance C = 15 25 pF
Tum-0n Delay Time ton - 0,25 1.0 us
{50% E to 50% Ep)
Tum-Off Delay Time Loff - 0.25 1.0 us
{50% Ej to 50% Eq)
Clamp Diode Leakage Current (Figure &) Ta = +25°C [I=] - - 50 A
VR = 50V) Ta = +70°C 100
Clamp Diode Forward Voltage (Figure 7) VE - 1.5 20 W
{IF = 350 ma)




86

ULN2803 ULN2804
ELECTRICAL CHARACTERISTICS Ty = 25°C, unlass cihansise noted)

Characierislic Symbel Wi Typ Max WUnit
Culpul Lescape Current [Figure 1) lcEx [T
g =50V, Ty = +70°C) All Types = = 100
Vg =50V, Ty = #25°C} All Types = = 50
Mo =50V Ty = +TPC, V) =6.0V) LLMZEDZ = = 00
M =50V Ta = +TPC. V)= 1.0V AL MZEM = = 00
Collectar—Emitber Saturation Voltage (Figura 2) VCE 2al) W
(I =350 mA, g = 500 us) All Typas - 1.1 1
(Ig; = 20 mA, Ig = 350 pag All Typas - .55 1
(I = 1000 A, Ig = 250 pag) All Typas - (.55 1.1
Inpul Curramt — On Condilion (Fagure 4) I|{.;,-'|] A
=17 W) LALMZS0Z - 0.82 125
(V) =383V LALNZSE - 0.83 135
(V) =50) LALMEEN - 0,35 0.5
M) =12 W) LALM2E04 - 1.4 1.45
Inpul Veltage — On Condition (Figure 5) Yiign} W
(MeE = 20V, I =300 ma) (L = = 13
MEE = 40V, I = 2l ma) LA R EEE - - 24
VeE = 20 g = 280 ma) LALM2E03 - - 2T
Mg = 200, Ig = 300 ma) LALM2E0S 30
WeE = 20V Ip = 125 miy) L2804 &.0
MWop = 20V, Ip = 200 ma) LLh2E0d = = 6.0
Mo = 20V, Ip = 275 mA) AL = = .o
MWMop =20V Ip = 350 mA) LALMZE0 - - 8.0
Input Currand — O Condition (Figure 3) All Typas Iyt a0 100 - (T
(I = 500 A, Ta = =T0°C)
DC Carmant Gain (Figuna 2) LALMZE hFg 1000 - - -
MeE = 20, I = 350 ma)
Inpiun Capaciance s - 15 25 pF
Turn—0n Dalay Tme Lpey = 0.25 1.0 112
[50% Ej o 50% Eg)
Turn—0M Deday Tirme Lty - 0.25 1.0 113
[50% Ej to 50% Eg)
Clamp Dicde Leakaga Currand [Figure &) T, = +25°C ‘" - - 50 A
Vg =50 Ty, = +70°C 100
Clamp Digde Fonwand Wollege (Figuna T} VE - 1.5 20 W
[l = 350 mA)
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990NUVVINRTHUHFIAINITOUVIAY 6 697D 1, 3, 6, 5, 7 AL 4 1A8N5IVEY State Transition
diagram, State Transition table, 831 aun 13 Iae1d K map waznagilees udar1411sunswu Digital

Works @3990 UMTNINIUYBINITUY

1BAAIT019D4
[1] Randy H. Katz and Gaetano Borriello, “Contemporary Logic Design, 2" edition,” Pearson
Education International, 2005.

[2] Datasheet available at: http://www.datasheetcatalog.org/
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datasheet TTL 7474

@ MOTOROLA

DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54/74L574A dual edge-triggered flip-flop utilizes Schottky TTL cir-
cuitry to preduce high speed D-type flip-flops. Each flip-flop has individual
clear and set inputs, and also complementary G and Q outputs.

Information at input D is transferred to the Q output on the positive-going
edge of the clock pulse. Clock triggering occurs at a voltage level of the clock
pulse and is not directly related to the transition time of the positive-going
pulse. When the clock inputis at either the HIGH or the LOW level, the D input
signal has no effect.

LOGIC DIAGRAM (Each Flip-Flop)

SN54/74LS74A

DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632408

SET(Sp), ¢
D% (10)
—0
_ 5(9)
CLEARCD), © ' .
LEARLCDL T3 r’ N SUFFIX
R [ PLASTIC
CI.O':F% .-?1 'I ! ; 14 CASE 646-06
= —0 (] 1
6(8)
D
2(12)
, D SUFFIX
1@ soIc
- 1 CASE T51A-02
ORDERING INFORMATION
SNEALSKK)  Ceramic
MODE SELECT — TRUTH TABLE SNTALSXXN Plastic
INPUTS OUTPUTS SRS S0
OPERATING MODE
Sn Sp D Q Q
Set L H X H L
Reset (Clear) H L X L H LOGIE SYemoL
*Undetermined L L X H H 4 10
Load “1" (Set) H H h H L J} (l,
Load "0" (Reset) H H I L H 3o %0 gl—s 12—p %0 g]—s
* Bothoutpufs will be HIGH while both S and Cp ars LOW, but the oufput states are unprediciabls
if Sp and Cp go HIGH simultansously. If the levels at the set and clear ars near Wy maximum then 3I—CP (N [
we cannot guarantes te meet the minimum level for Vop.
H, h = HIGH Valtage Level cn Qp—6 T
L, | = LOW Voltage Leve -0 0]
X =Don't Cars ? ?
1 13

i, h (@) = Lower cage letters indicate the state of the referenced input {er oufput) one set-up time
prior fo the HIGH to LOVV clock transition.

Voo =PIN 14
GND=PINT
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GUARANTEED OPERATING RANGES
Symbaol Parameter Min Typ Max Unit
Voo Supply Voltage 54 45 g0 5.5 vV
74 475 50 525
Ta Operating Ambient Temperature Range 54 -55 25 125 *C
74 0 25 70
IoH Qutput Current — High 54, 74 -04 mA
oL Qutput Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
- Guaranteed Input HIGH Voltage for
ViH Input HIGH Valtage 20 % Al inputs P d
. 54 0.7 Guaranteed Input LOW Voltage for
VL Input LOW Voltage 2 03 W All Inputs
Wik Input Clamp Diode Voltage -065] -15 V' Voo =MIN, iy ==18 mA
54 25 35 \ Ver = MIN. 1Ay = MAX. iy =V
CC = Wi, 1oH CYIN = YIH
VoH Output HIGH Voitage 74 27 35 Vi or V| per Truth Table
B4, 74 025 | 04 v lgL = 4.0mA Ve =Veg MIN,
VoL Qutput LOW Yoltage VIN = ViL or Vi
74 0.35 0.5 W loL = 8.0mA per Truth Table
Input High Current
Data, Clock 20 uA Voo =MAX, Vg =27V
lIH Set, Clear 40
Data, Clock 0.1
i Ver = MAX Vi =T7.0V
Set, Clear 0.2 mA VEC = MAX, VN =T7.0Y
Input LOW Current
e Data, Clock -04 mA Voo =MAX, Vg =04V
Set, Clear -0.8
log Output Short Circuit Current (Nate 1) —-20 100 mA Voo =MAX
Iee Power Supply Currant 80 mA Vo = MAX
Mote 1: Mot more than one output should be shorted at a time, nor for more than 1 secend.
AC CHARACTERISTICS (Ty = 25°C, Voo =50V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
AKX Maximum Clock Frequency 25 33 MHz Figure 1
tPLH 13 | 256 | ns VCCC :1§-°FV
Clock, Clear, Set to Qutput Figure 1 L=1ap
tPHL i 25 40 ns g
AC SETUP REQUIREMENTS (Ta = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
by (H) Clock 25 ns Figure 1
b (L) Clear, Set 25 ns Figure 2
. Data Setup Time — HIGH 20 ns Fiaure 1 Voo =50V
s LOW 20 = g
th Hold Time 5.0 ns Figure 1
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datasheet TTL 741L.S48

&Nﬂtional Semiconductor

DM74LS48

BCD to 7-Segment Decoder

General Description

The 'LS48 translates four lines of BCD (B421) input data
into the 7-segment numeral code and provides seven cornme-
sponding outputs having pull-up resistors, as opposed to
totern pole pull-ups. These outputs can serve as logic sig-

driver transistors, Auxiliary inputs provide lamp test, blank-
ing and cascadable zero-suppression functions.

The 'LS48 decodes the input data in the pattem indicated in
the Truth Table and the segment identification llustration.

nals, with a HIGH output comesponding to a lighted lamp
segment, or can provide a 1.3 mA base curent to npn lamp

January 1882

Connection Diagram

Dual-In-Line Package

A=
A2 =
LT
Bl /RED —
RE| =
Al =—
Al =
GHID—

[ - L T S R

N

16
15
14
13
12
11
10

k]

— Vi

— {

E
=
—b
p—
—d

—

Order Number DM74LS46M or DM74L548N
See NS Package Number M 16A or N1GE

TLEMDIT2=1

1 w9S Matonal Samiconat of Corpanaton TLFMOTT2

FRDES0M10S/Printed inll 5 A

lapooaq Juswbas-2 0129 8¥S1vLING
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Absolute Maximum Ratings inte)

Supply Vol lagy ™
Input Voltage w
Operating Free Air Temperalure Sange

DWTALE 0*Ctc +70°C

Storage Tamperature Range —-85"Cto —1580°C

Mobe: T “Adsodule Maximom Sairgs™ are fose values
bayond which the safely of the device cannot be guaran-
faad, The device showld mad be apavated al thesa iz The
paramealric values delinedin the "Electncal Gharsclerishics”
talle aw not guaranieed at the abzolute maximun ralings
Thae “Recommandad Opeating Conditions ™ fable will dalime

the condiions for aclual device oparation.

Recommended Operaling Conditions

Symbol Parameter LR Units
Mir Nom Max

Voo Supply Voltage 4.75 g 525 v
Vig High Lewvel Input Vaoltage 2 v
Vi Low Leve! Input Voltage 08 v
I High Lewvel Owput Current —50 s
I Low Leve Output Cumrent 6.0 mf,
Is Free Air Opersting Temperaiuns o 7o "G

Electrical Characteristics overrecommanded operating free ai temperature ranga (unless otherwise notad)

= Tya
Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltege Veor = Min = — 18 mA — 1.5 W
Vo High Level Output Voo Ming loy = Max, .
2.4 W
Volage ViL = Max
OFF Output High Surrent Voo — Min Vi — 0BV —13 -
Seoment Ouputs ‘
VioL Low Level Output Voo = Min, gL = Max, 05
Volage ViH = Min ' v
loL = 20 mi, Vigg = Min 0.4
C & = f=
| Input Curend & Max Ver = Max, V) = 7V a4 -
Input Voltage
H High Level Input Current Voo = Max, V) = 27V 20 [T
L Low Lewed Ingut Current Vign — Mam, W) — Dudy —i.4 il
o Short Circuit Voo = Max. Vg = 0V o5 —5 -
Output Current at BIYRBD (Mate 2
CCH Supply Currant Voo = Max, Wiy = 4.5V 38 ma,
MOLE T AN TYDEAR &8 4l Ve = W, 1y = 290
Mote & Nol mare han ae Ol.t}'.l‘l ahodild e shorlad at a e, and the duraion should not sxcead ome Seaomd
Switching Characteristics atv; = svandT, = 25¢C
Symbol Parameter Co=15pF Unite
Mn Max
tpLH Prop agation Delay Time 100 o
tPHL Agtoz—g 100
tpLH Prop agation Delay Time 100 s
tPHL B3l toa-i 100

Mote: LT = HIGH, Ag-Ag = HIGH.
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Numerica Deskgnations—Resultant Displays

01234561183 c bk

1] 1 2 3 12 13 1 1§

TLAEE17S
Truth Table
Decimal Inputs Outputa
Or
Fune tion
LT RBI Az As Aq Ay 31/REOQ a b c d i} f ]
0 (Note 1) H H L L L L H H H H H H H L
1 (Maote 1) H X L L L H H L H H L L L L
2 H X L L H L H H H L H H L H
3 H X L L H H H H H H H L L H
4 H X L H L L H L H H L L H H
5 H X L H L H H H L H H L H H
& H X L H H L H L L H H H H H
7 H X L H H H H H H H L L L L
8 H X a! L L L H H H H H H H H
9 H X 3! L L H H H H H L L H H
10 H X a! L H L H L L L H H L H
11 H X a! L H H H L L H H L L H
12 H X a! H L L H L H L L L H H
13 H X 3! H L H H H L L H L H H
14 H X a! H H L H L L L H H H H
15 H X a! H H H H L L L L L L L
Bl (Mote &) X X K X X X L L L L L L L L
[=1E0) (Mote 3) H L L L L L L L L L L L L L
T (Mote 4) L X L4 X X X H H H H H H H H

Mote 1: BIFRED i wired AMD loge sonding as banking nput () snd/er dpplablanking culput (RBO). The blanking sut (B1) muet be opon o had o o HIGH lova
whan culpul lunclions O Brough °5 are desired, and ripgle-blanking inpal {FBT) musl b open or al a FIGH lavd i blanking of a deciral 0 is nol desired. X = inpul
may b HIGH or LOW.

Nete 2 When a LOW lavel & apolied Io the blanking rpul {lomed ecadifon) sl sagrent culputs ge o & LOW lavel, regardiess of e slale of ay other input
cordifion.

Mote 3: Whon ripgle Banking input (B and inguta Ay, A, Ay ond Ag ar at LOW bovel, with the barp toat isput of HIGH lovel, all sogrmont sulputb go to o LOW
leval and e rigpl-blanking culpul {RBD) goss o a LOW level fesponse condilion).

Mote 4: When e banking input/ ipple-blanking sulput (BIFRBD) ks open or hal at a HEH leval, and a LOW leval is spglied to lamp lesl input, all sagment autpuls
golo a HIGH kBva

Logic Symbol

(11

AT A1 AT A3 LT REI

B/
4 & 1 g HHU

a B @&
: 15 14

13121110 9 15 14 4 TLENO T2-2
Ve = Fin 18
GND = Find
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I 1
2. 1Y state transition table 1JUNITUAAIADIULAII YD state transition diagram THFUv0
A1319ANITY
1 ) . . . % 9 a .
3. @Weudniuga 1 lugdvealsn Uy combinational logic #gn 1H1Hudunnues flip-flop
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Tagld K-map maglumsaagiannms
= Ay ¥ A A Y 9y . A o
4. Weurvsh ldninaumsyaunangiuda laelsd flip-flop Nimua
H Y v Y @ {
INUUABUNITOBNIUD Synchronous Counter THINANYIDONUDUINTHUA WA IAUT

o Y Y o A & 1 g
mwuﬂimmmmumimammmuﬁaum'ﬁ‘mammllﬂﬁ
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ﬁmmﬁmmsmam

= Y A qw o B o Y
‘lNHJEJUI‘]JiLLﬂﬁJﬂ’JEJﬂTHW VHDL L‘Wi’)(l?i 7 Segment LLﬁﬂQﬂﬁLl’]JL‘]JL!ﬂTJT “HELLO” UalaadNa

TinuauasIvdou

1PNE1591994
[1] Randy H. Katz and Gaetano Borriello, “Contemporary Logic Design, 2" edition,” Pearson
Education International, 2005.
[2] David John Barker, Digital Works for Microsoft Windows, available at: http:/www-

scm.tees.ac.uk/users/d.j.barker/digital/digital.htm

[3] Datasheet available at: http://www.datasheetcatalog.org/
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PNAIUUD
= o o W I [ dy
T‘]Ji&l,ﬂillﬂTHT VHDL NUga@adINITuuLaY 0 3 5 Las 6 11Ua19Y L‘iJLlﬂ\TL!
architecture Behavioral of counter is
type STATE is (s0, s1, s2, s3);
signal present_state, next_state,delay: STATE;
begin

digit0 <="'0";

digitl <="'1";

process (clk)
begin
if (clk'event and clk ='1') then
-- add delay
present_state <= next_state;
-- end delay
end if}
end process;
process (present_state)
begin
case present_state is

when s0 =>
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c0<="1"
cl<="1Y
c2<="1"
c3<="1Y
cd<="1"
cS<="1Y
c6 <="'0";

next state <=sl;

when s1 =>
c0<="1"
cl<="1"
c2<="1"
c3 <="1"%
cd <="0"
c5<="'0";
c6 <="1"

next state <=s2;

when s2 =>
c0<="1";
cl <='0";

2<="1}
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c3 <="1%
c4 <='0"
c5<="1%
c6 <="1"

next state <= s3;

when s3 =>
c0<="1"
cl <='0";
c2<="1"
c3<="1"
cd<="1"
c5<="1"
c6<="1"

next state <= s0;

when others =>

next state <= s0;

end case;

end process;

end Behavioral,
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windeams Wmstudhaslfinuussiadua1aly 521919 - add delay 182 - end delay
if (delay = s0) then

delay <=s1; else

if (delay = s1) then

delay <=s2; else
if (delay = s2) then
delay <=s3; else
present_state <= next_state;
delay <= s0;
end if}

end if}

end if}



AMNANUIN U

QU

galfuansuuuldsunsuladienisn VHDL



107

galfuamsuvuldsunsaulidaensn VHDL

14 { Ao o A aa
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1 v s A s o A ¢ ¢ &
nvsassntilsznoudedeuesa Ao UesananNuIs991nial CPLD HazUoiALAAIHNAY
g o 1% e £t 4 v o {
52nNoURIY LED NINUA § A9 1182 7 Segment S1UIUADINGN NIHVOSALAAIHATITIMITN
a @ 4 @ 4 a a 4
Tunmslloudunnldnuuesananiionsdszuianadle Tasdunnamisodouldninaing
g‘/ { a o ' @ a
nanuaTaIng laun SW1-Sw4 uazayuMUINA1 (Clock)
o Aa J 1a 4 v & o Y
msail Inaaldsunsuainaeunuaesgsn CPLD Tuvesananiudinnsni 1d
] o % J U 4 [ J U o
A T5unsw Xilink 182100121 [1Maadaa g0 ANANNIINDI A JTAG dIUIHAT1Y

Y Yo 4 2 ! ! o
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MUMUA

7 Segment LED Displays
PUIA 2 digits LED1-LEDS8

1 1)
g

-
@
».
&
[+ 4

AR ula

:

GOIGTRGRTRITOR

EDR18@HRI2ZEDR1 4 @DRIE 'l - 8
EDr17 @Dr1 EDRIBEDRS | 7
D ) ([ -

D1 D2 D3 D4

= Input Switches

| R | swi-swa

Mini USB JTAG port for

power supply downloading a

program
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PIN Layout of XC95144XL

P127

108

P122

b

P114

P109

L

ST |
P1 —PE <+ Pp108
.
»
5
P —>m
<4— p99
P18 — Top View
+— pg9
W< pgq
—
P29 o
o
B s e e D
P37 P42 P47 P55 P62 P72
PIN Mapping to Display Board
LED CPLD PIN 7-Segment CPLD PIN Switch CPLD PIN
1 91 A 3 SW1 68
2 90 B 6 SW2 70
3 93 C 7 SW3 71
4 92 D 9 SW4 72
5 95 E 8 GCK 22,23,27
6 94 F 99 GSR 99
7 97 G 2
8 96 DP 4
Digit 1 12
Digit 2 10
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