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Abstract o

This thesis presents the new irend for developing and maodeling the large digital circuit

by using VHDL language and CAE tools.  VIDL is an acronym for VISIC Jardware

Description Language (VHSIC is Very High Speed Integrated Circuit). It is a hardware
description language that can be used to model a digital system at many levels of abstraction
ranéing from the algorithm level to the gate level. The Complexity of the digital system being
modeled could vary from that of a simple gate to a complete digital clectronic system. With
high performance CAE tools(Mentor Graphics, Viewlogic,or Neocad) make the development
cycle of digital system faster and easicr. This project develops the prototype of digital alarm
clock. First, We created the VHDL model of digital alarm clock, Compiled and debugged.
Until we gdt a complete VIDL source code for the digital alarm clock. Then, We have to
simulate and verify the functional of the source code . Next, By using Synthesis software
tools,it converts the compiled VHDL. source code to the schematic diagram (digital circuit).
With the schematic, We do the setting up on the FPGA (ficld programmable gate array
XC3000,XC4000 family from XILINX) to implement the real working digital design.
Finally we got the hardware prototype of the digital alanm clock on FPGA.



sy

unmi
MSBBNULUUNIININ ASIC
umh
MINUUNUISLANYDINIITIN ASIC
1. Full Custom ASIC
2. Semi-Custom ASIC
NIITINASIC WYY Semi-Custom -
1. Programmable Logic Devices (PLD)
1.1 Programmable Array Logic (PAL)
1.2 Programmable Logic Array (PLA)
1.3 Programmable Gate Array (PGA)
2. Gate Array
3. Standard Cell
MISHUNYSELANIIITIN ASIC mué’num:ms‘[ﬂmnsu
1. Ficld Programmable ASIC
2. Mask Programmable ASIC
mslgasuiueasdislumsasouuunenu
mMsliaauRuaastuBanILUUNIITTIN
1.Design Entry
2. Simulation
3. Physical Layout
MISIIAAITHIINN ASIC
ﬂauﬁzma's'tﬁu‘ﬁtﬁu%'mas'ﬂamf;'u
(Engincering Work Station)
garishsoannuunasnnunalvgng

17
18



()]

s:uunauﬁnma%'ﬁmaanuuumssm
Mentor Graphics
a1 ViDL
UsiRanudhinuainin VDL
AININITNUBINIEY VIIDIL.
(CAPABILITY)
nanmsasnlnaalauniv VIDL
(General VIIDL. Modelling Principles)

1. Top Down Design

2. Modularity

3. Abstraction

4.Inforimation Hiding

5.Uniformility
EIJLLUU‘V{Uj'!U'ﬂiNn1H'I
BmsdouaseluzUuuudn g
Structural Description
Behavioral Description
Structural and begavioral Description summary
Data-1How Description

asl

Field Programmable Gate Array(I'PGA)

fﬁ'ﬂﬁ’u Programmable Gate Array
Field Programmable Gate Array (FPGA)
Programmable 1ogic Device (PLD)
Standard Cell & Custom 1C
Gate Array

Programmable Gate Array Architecture
Configuration Logic Block(CLB)
Input/Output Block(10B)

Interconnect

22
23
24

25

27
29
29
30
33
34
35
39
43
44
49
51
55

56
56

57
57
58
58
59
59
60



X(C3000,XC4000
Logic Cell Array family

qmé’nums (Ieatures)
Swazdua (description)
aolaenssueas LCA
Configuration Mcmory
170 Block
dyumisinu 170
Configuration I.gic Block (CLB)
Programmable Interconnect
General purpose Inferconnect
Direct Interconnect
Long linc
Intemal Busses
Crystal Oscillator
nsldsunsy (Programming)
mMsBuaY (Initialization phase)
Configaration Data
Master Mode
Peripheral Mode
Siave Mode
Daisy-chain
Special Configuration Function
Input Threshold
Readback
Reprogram
Done Pull-up
DONIE Timing
' Reset Timing
Uszandmw (Performance)

Device Performance

61
61
62
63
64
64
66
69
69
72
74
75
76
77
78
79
81
83
84
85
86
86
86
87
88
88
88
89
89



logic Block Performance
Interconnect Performance
aStnomhimshanudace
unil 6 mMsasuaziannlasiny
Taseufinaassadn
B‘Smué'nmuzfmuﬁ'ﬂﬂ (General Description)
qmauﬁﬁ (Specification)
msuszgnela91 (Applications)

pouIEMSMNULGazYY (Function Description)
asuIEMsINuLGas BLOCK
FunpumsHannlas Y
150135 (HARDWARE)
#BWI3 (SOFTWARIS)

1.Workview PLUS for Windows

2. XACT Development System 383 XILINX
Femlasenu

aSnniuaaumahanudariuaay

1. DISIGN ENTRY

2. DESIGN SIMULATION

3. DESIGN SYNTHESIS

4. DESIGN IMPLEMENTATION

unil 7 unasUuasinienl
unagy
uminsal
finAnssudsena
USTNYNSTN

AIANWIN

90
90
91
95
95
95
95
96

96

98

100
100
100
100
101
104
105
105
106
106
108

110
110
111
112



Vggniinudaduinhwuamssanuuunasnuiinealasliniey ViDL lavld

AaNAIAD$t201uN 39BN Computer Aided Engincering, CAE Tools tRaNaUENS
panuuvlunlmifiamnnaduaivsaniom  Taoldietasdiouasninnnsfiveg
M VEDL Jumsusssomsiaurasadend tialdadinomsinueaaiesid
apamamunulsznauludsnoasdoanasdilsznaudn 1 FelaBunuwgfnssy
(Behavioral ) %38lasedsn (Structural) ¥8952U0Y lagWRISNTgIun™ (Timing) 99
seuudhmaniflasnnssuufiszaanuuules ViDL Y gaanuuuliiududpedds
nvsmulunieslsaanuatnlsin ivwudimue Input,Output, kaz R AFuNSHIY
vosszuvuid v uldsunsuuansnislunasasdoya(Dataflow),M5H1IUIBITEUY

. - . 4’ “I’ o b, .
(Behavioral) Y381ASIATINYISEUY( Structural ) YU INUUANTS Compile Uar

Simulate Model fisanuuuan  tAaImsiazigWaiiuguem ( Timing ) 98958UY

Jmsmesmsusaly sfinsunluagielsiimsunly  Source Code v uad

Compile, Uz Simulaie 1 7 U9l Model R Timing ¥83sEUUMIMABING T4
sufiunfiauouazarernnanindatowinn inzlidaadunmiunsasenees
MaE¥uI$% iU me e %aﬁffﬁlﬁﬂnama:fh'lﬁ'a'wgq Modei fisonuuulanls
VIIDL  @ansovnisdunsied (Synthesis) Wolile Schematic Diagram wazyinaly
ghutueesse q 168 e ldadallv Asic wiavhld Bum a3 EPLD w38
EPGA ol qdely  Usslomfzaemm  viipL 18duwannluniseanuuuy
Chip ASIC ( Application Specific Integrated Circuit )
Tulastusmaslutlguufldnm  viipr Tumseanuuy sxdvlahaw viDL
Usslomiagndslumssanuuussuuassssaludlegiuuasil sofiware wanoddemivayy

Y3 aUINSEINSBBNIUY

-~

N

AW VHDL  @u@ams Compile , Simulate Synthesis leun  Mentor Graphics
& o~ L Y . o
UsznaunuaaNAnaassEAuLIBSNARTY (Work Station) Aidlszuu

Viewlogic 1Wuau
sanuuuszuudiaansatfind

nAARGuazsUszanadanIF vy
wuudalud® (Electronic Design Automation) nniuapwiihululdadnsiaduaivse

p - .1" ~ ':‘J‘ - . . .
AnSmn Sofiware CAE #ilglumswennlasenuiidua@e Mentor Graphic ,Viewlogic
uar Neocad Musnsiiuy source code ,M3 compile VHDL source code ,MiMaday
& [l J a' v
Warfgumsiu lale’ Source Code fignugnl ¥ae Model udd fminsuuas Source
v P v .
Code 1viaylugy Schematic  Diagram thaRexlUaSNUY Field Programmable gate array
, - [y . - . - - P
(FPGA)  Wgiahilasumsnusimazannhomdailuagndnnemnsdnfinnaaiu
1&3’ v - o Y ¢ : - v
aruIMIMhuaasauduiiunsinsusumtuiamlunsoenuuy  tWalvy



R K v ~ e g v A‘l v o
ﬂﬂm‘lﬂum‘mjlwmwan%wG&lu‘liz‘uuzlumla\ﬂﬂ Iﬂiﬂwu ﬂﬂﬂamwmuﬁu‘l'ﬁmﬂqu

- - o« o - [ vn: v m a o n’d T v
finaa(Digital Alarm Clock) Tnofvuaquantidzusniasdndiiundaiuiniaguaalu
rasamaialilarufsunsonannivinesdduazlivssansmwiniiauny - aasame
msﬁnmmmnﬂmﬁnmmuammnmummnummm VHDL , 98W3§ CAE Toole Al
'lumswwuﬂmun Mentor Graphics, Viewlogic, Neocad wag XACT Development 'znmu
Fuamwaedaslumswannuuulmi fiameaxiuhdasdiamafewaauazisuugsd
gl o v o adv ¢ o 1 L o
aglumnonuualanauigiiouadudivddumniugsunszms  iafieele
i dd P ] - ] o J
VSudsualalidgudsly luniivevauquiueinsdusine Yssise amnsdinfEnem &
wt N v d a v e J v _ v s
Tagunnelumahautasiamneiasiiaa Alildldauwannauiuanld wivihmnoaou

! r:' t ¥ Vc: J o y . J’ ¥
@uiirnihnislonidarmugiauladiadununmelssAsidilni 1dundaly

Vo °
HaON
v



unn 2
N9528NUUUNITIN ASIC

TusmudimslssAvinmudawmadifianhawduiifisun - gunsolfiaansaiind
Iniiumnmamagsamsaniiuiievaansd uaudamalulaglulasdisansaiind
fmandssaufiawamnsanuenwmadaesd  Snnivusuiviudusgld
'luqﬂnmfuumﬁv F3unAUTNNITIN (Inkegrated Circuit) Y38 IC gUnsoludiAsstywg
il lv{nmmfjudmﬂiznaqﬁmﬂ"tyvaqqﬂnsnfuazm‘%'mﬁatﬂ%"aﬂﬁtﬁaunnﬁﬁﬂ Tuifia
Usrirfumauno indpsdaiay Insiiel in3aedni 3alawnad asuiuasd Wudu 29
asnsaiuihdssAngAddy feetunilmasnuena UATEMUNAUTDINITTIN
Lﬂum‘sdﬁfﬁqwamni'suﬂ%v'ﬂmi

luszushguddaansetindtaduinssdvinnanusugauliinmingduinasis
FUINAIINITTINNAITIN ARAAINUIENTREMIsTINmeTng (i INTEL

Motorola Hitachi 3U5EnaUMUULHUIIISANW (Printed Circuit Board) wanihilusinnu

e‘ v J Y a o b S ’ g ~ -
guUnInidy qasniuihvduadeansafinddadmhedaly NINNAIFIUNHIADBN

SimhemlUiBendy Standard Product IC (SPIC) #28619299353 SPIC #ij3nAudlau

29%3I95E0A TTL 7475400 23935533 CMOS 4000 (Hudu
- od v e Aw & v 9 v P . ¢
malulafignsianihivanzu mldansosianesinunnudansimussy

® g * -] -~ o o (Y
lunesnntuatunamnnaisifduas Tunesnuszau Small Scale Integrated

ssD) Tusn a.a. 1961 miflunaiosaualuseay Medium Scale Integration (MSI) My

Y ay & . o ~ o & v W
'N“TUOQNTQWU’JN'NﬂiYITIUﬁHWI't]i(ﬂll'ﬁi!'lu‘l\ﬁ)'ﬁ?NlWUUUVIaWUWUﬂ'J ﬂﬂ'lUl?JU'NQ?

5tAU Large Scale Intcgration (LSI) sma.a. 1971 lullhqiuindnsoussynes

v W A e ':" o \J L
nudaaasaclunesnuladuniiudmnGoniuineesnuenalvgann - (Very  Large

. o . X e
Scale Integration, VLSI) msnuqvﬁmmmaﬁmaiuum'lmumnvulmﬁﬂﬁmmma%'w

Vv o - Ju v v v J v [ v $
asm’ﬁumataﬂmaunénummaau'zru'zxaumnvulmamq"rﬂmﬂudﬂngmn o) (g

d - Jd - - -
winedaay wndselulpsraniimad (udu fameansetimbraanaluladmlvize

* v Vo:’ A4 -J < ~
Ionluaneasulndiinudmmnsesnaesasivisynnudaeeilanaeduds a9

v - W -J
uaeelviuTuiYauinslusised 2.1



U f.7.1947 1961 1966 1971 1980 1985 1990
malulad | Usz@ug | aunsel | sst | Mst | Lst | VLSL [ULST | GLSI
N fanIn
Bdnod
Q'-]u—)uﬂi—]u 1 1 10 100 1000~ 20000-| »500,000 > -10
-1000 20000 500000 anum
Banps/Bn
YNARN A
Bawiiod
Taguszanm
MBtNYAN - et tmn 79 lulas [ lulas | lulas
NN A Ny Wad |y, | s Ts | s
- Fawas | vWaau | Wad | wed [wad |iwed
lalan wan | uuvy fuvu | wuu
wwos |8in |16 Ay
ROM, { Un, |aunsol
RAM | 32 Uszaia
tn wuy
Real
time
1. ULSI Ultra large - scale integration _
2. GLSI Giant large - scale integration
N 2.1

donniladudaansatindianuaduiutouanniy  wisadumsudeiuluaaia
umwsuusqmm‘fu granduddiaansaind araummMafinUsEAns MnauAzaInuLDs
mug lUfumsaadununsuaa wartlpatumsaamdounuuiudvasnu yumaniadim
lada anwvzasnesnnluwdnsialivasa Tagsiuemeesnunasyu SPIC
weudt s nusaEn s luie fasdaiimsdaulanssiliiinua:sue

“a 3 -l'do ® < - fy
wazquantauandnlinneessn sPIC ifiimhelasmld inwnenudaiites M

- - \J J J - Vet “an
TiAassnudnngumikiisanuuuuaszadabifiquaniiasimuanudaimsyasglia

1 l'r - J -
3nguTTNIINTY Application Specific IC 139 ASIC



", o [ L - WV o~ a
Tugasingsny  SPIC  wdahwmhelasuidnnnalvgludnyusniansnas

1N (Mass Production) NULETUAIUA  T0oHAUNUMSHANULAZEBNUUUFINN WIT
T34 ASIC mmsnnﬁmlﬁﬁq’luﬁnumxmm:gnﬁw (CUSTOM Made) $1uiay qllau
AssTNAnATIAXTULENT wasBaulduudanIazgandeasnIN SPIC kansaanu
Famuazdind  Rduvnikdanesnunaluguandniuinnunniuimsasn
LUUKaztIDEs MITTIN ASIC 879 VLSI Technology, Hitachi, AWA

TaAY2INIS 159355 ASIC dawSnuiinutumslteessn spic ludumban

nsafiadsiimfminuwaaguldasil
v a 4 o v o ' a s o -
1. anadupumsndaduiuldnnmsinnaeuninRsRiinna@ananaIN

gnaveIl

2. aawdnInihgnidaiiaiu

3. tRunnuidafalazansesiwansafindifiasainiigunsoifanas

4. Yoafumsaaniduuuuudud) e Inmsasn@EuuiuaRsHy ASIC Mild
gINNTINIITIN SPIC NN

5. anlssannmmadsduluaaadudy dasnnaanmmssanuuuasldann
wardauUasliRumiaumnidfiasdn aaanaasinsyasgnale

yndafitaauilifinasnu ASIC Runmmetrinninglunmsgamunssudian
nsafinduasdsznagammnsailml Tavawizlaniu daene uasdialus fatiunsi
UszinalnoazlaiSoufuaninnalulaizaeeassun ASIC nlgnuSauiusTonlatheds

Tuunifszuusnibigawmnuiimshuundssanamame . AsIC sl

ApufIAalumMsaanuLNRs N MisaluiRamsuaztaRnsynlumstdanlynemssu

ASIC



MINUUNUSELANYDII9R35IN ASIC

v a

sl ASIC awduunldmudnunzgdaanuuunes( gliviagdnin)

waz muanenuemMalusunsy

TuBawnilad niuunnesnn ASIC mudnsasgpanuuuiiu 2 Ustom 69
i

1. Full Custom ASIC

2995720 ASIC UszLanii dn¥uzmsaanuuuaMsaReesnN SPIC Loy
T fudaanuuuunuiiguansndusenuuy glddaseanuuinessnu ASIC  wuy Full
Custom Sandiszdunmudaaad aunssmsanfnsasmnalugnaihouldmuain
M AN msaanuumwsﬂ;J\Jszmnﬁvm"m'lﬁﬁaanuuuﬁ'ﬁmmmmsn G
Uszaunisnigs dasnnifunsesnuuulananaasdahuiuauianaulasass (Silicon
Geometric Shape) SruuAaNiIABITIEBNLUY (CAD) Teilanuaduiugauinn M
m"aq'lﬁnmﬁ'mﬂmﬁau'lumsf%uug'uaxaanuumwssmﬂszmnﬁv

2. Semi-Customn ASIC

d' v & v J 1
23590 ASIC Uszanil gudalanunmsesiugiudng Hlunessu ASIC
o [ad «© A" \d v -a' J d'd vrf \d v rl'
Fudmiu Fglindugosnmudaalnsiuguiiisgivuithnasnnaluynnd
. v v v a ¢ & d A
mowldmuanudasms  lesldranfinassithuadasiiotslumseanuuy 219N
ASIC Usstaniiunumnalugaamnssudidnnsaiinduasssinagaamnssulmi

Uszinalngdanuwsaumduyemnsuazia3aeila uMsaanuuuRNITnN ASIC Ussian

1 Jududamhezlvanuaulatufiay
29939 IHASIC 1LUU Semnmi-Custom

2995978 ASIC UUU Semi-Custom $munpamilu 3 ngulvgiq Toun

1. Programmable Logic Devices (PLD)
v .-3’ LA v J’ J 1
N5 ASIC ninil gridalaussyRugvdssaman (Gae) wuuaN EY AND
o o Y : o 5
OR INVERTER Whnsassuwaudondu limmnsesanuuudanlsaasdssianiinh
& 0l v v P o v o
Whinasduarnne vy ihoumaanudaanisld uasfisasnuuuiaizuaindinnso
- -Y v ' v t" veY a - 1 [} ) “
udnduldldiaslanidasdabiguanmhnsfamsudatule szozoauuINNIBRNUUY
S o o v - A o~ v v - - ~
unsemandniulinudduiigadaifiouiuensny  ASIC ngudu Juminzdunae
s \d - - Jd. LY v o ] 8 1
Wannauruuvdandndumninnunoiuiuduniussoairiniu 13578 PLD W

pamiu 3 nguday laun



1.1 Programmable Array Logic (PAL)
13 & v l'l - 9 - v
7T PAL u@acmasdsenaumig NIsinnuuy AND “laﬂﬂﬂaaTUU’lauwnlﬂ

audaIms fneestmiuy OR igemoliaeiud dudadluguit 1.1 gldmansoidan
famuduvmlieasmu PAL dinhaumuenusssmsld uazmIndnyziiaa i
AUSINIeS PAL Jufunesmuiiil Fixed OR ¢ Programmable AND 133923
PAL fi3undadutszana a.a. 1970 Tagu3din MMI Ussinaaniganim

Programmable AND Fired OR
s " —
—D—
3 4 7 2 1256 1930 132 2228 30
[] 1 1 ! SRS B 11 [XN] IBEN '
s s EL_
1 ARP ) T 1 T 14}
P T ° 0
, ul; . —b o
L P a— : g:}___J
X
! 13
- k. d e D Q
1 L I. g T > @
L3 ﬂ'—'—]
1%
1 T + " . 17
+ T % 45 ; D O l_
. 3 7 t P 0']
b I l
. 16
00 Eo-
n — 0‘]
s—S s a=
32
r T go_:s
: : : = D Q
Ty 1 %
» i i g
. i sl AL
- T
e e
t o D Q
[} a P Q°
: ] L]
3 : 2= —&H
Y] l . I j " —
oy L 13
i 1 b Q
58 — mahy
l—-{} : * &‘}._____J
s6 9
-+ A
6 ; > Q*
"
T3 : 33———] —p-
0 3 a4 2 8 1112 1516 1920 2338 728 N

1 11 209w PAL



1.2 Progr'unmahle Logic Array (PLA)

NITNN ASIC nauu uﬂam’n:ﬂsunaumu NITANUUY AND uge OR nu"lmaan

dasmandunnlamueains funaadlugd 1.2 yamdaGoninnesnid

o - a
Programmable AND (az OR NIIFINPLA fGunantudseinm a.Aa. 1975 Taguium
. . b o o« 4 =3
Signetics @VSFDLNINTNIININ PLA @IMNIENAUNUNIIG SPIC wwatan (SSD 1@

Uszainn 15-20 62

Programmants AND

r—

oL

(1

AL 1Y

Bﬂﬁ ﬁ% Hr ](hﬁ( aealel cgg&gﬁ)mﬁnﬁg’

9R9NY
1]

dunid reajvey

.

OmM\U é

ahi 1.2 230 PLA

J - -t A
) w"wam PLA UWNURunNg PLA vasauInly Programmable Gate Array

uavuuamwssw PLA UNTWASEN193TIN  PAL ¥23@ud1 Programmable Logic

Array GN'UUFﬂ‘lﬁﬂlﬂ\lﬂENWQ']?(II’\T]UE\AE)UG‘IWWGNUG\UEN'N"\)? ASIC uuTﬂua 190 nau

madandamnltiy



1.3 Programmable gate Array (PGA)
. - a & - 4 o o .ge et
NN ASIC nguil Guwdedudszanal a.f. 1986 lagu3sn Xilink ansg

am’smua:mqn%‘"wzﬁnr‘fu‘luﬁaﬁ Logic cell Array (LCA) 135734 LCA flsznaudy
mbmwsw‘*’fugwﬁgﬂi’mmsnﬁmumwﬁ'n#msﬁwnu‘lﬁmmﬁmmi (3un71 Configurable
Logic block (CLB) g"lﬁmmsm‘éandammﬁau‘[msmm CLB udazmhoialiiiu
wvsmnalmgimnaumadiiveamsld Fuaadlugud 1.3 dessnuuudsusaoudly
snsolUsunaneassin LCA imuldmulddemies lisuiudadilu@omsilaany
ugndaudsdnla 2993 LCA fanooldfnsesBaasmnaauus 100 1 Fuluau

¢ v v & v
nsemavuiluwuinnile

__H ij:L.%} Hig
o ﬁﬂ%
ECJ:_L {} il
Mt Il
T Al Tl
A 1.3 Pmdouno LB muhsenay LCA

034853



LAYCMES {with Scan Function)

Mac rocelt
- f:' tpnping
. 1 (f?’:\'v:':lenl .':-:: ™ :.: . <
um_ (7Y L /3
— —g ':_'
[ X3 -g:“ @ R 6] %
Latch 1 26
LESO . v e ] 1 o0s
- ; . . s 2.7 06
= o R - 33
LRSY # d N -
» v R 24 2.7 06
. 5 2.7 -
N ¢ L =] [26] “°[26]
. : L@ R 2.6 26 0.6
" i
LR2S20 € - = < it
o ¢ e [ 2.1 Y
N . p € 24 3.1
RS2 i.Kv s [ - 37| °¢
Latch
# 3 - 3.7
LR2S23 o Ll S
s ] R 24 31 o%
G 3.2 29 0
D-Lawch e D 3.2 19] °?
- @ G 26 29 09
D 26 29|
G 3.5 34
D-Latch \\ [ e cL 23 24] 09
with e [ 3.5 34
C1R AY " c 3.1 32
e cL 21 20} 09
# i L
L5CH — b 30 [32]
c 33 32
D-Latch _ITNN\ @ PR 24 2.5] 0.9
::: @ D 33 3.2
—_— b G 29 30
on . ¥ PR 22 2.1 09
— D 2.9 30
D-Latch € ;i:l 3: ::
.ith 1.. L ;.‘ <%0
) o Sl L .2_‘
FRE/ - of - D 3 38
CLR N G 3.2 38
. . TR 2.5 26 09
LDIC3 T . L 21 0|
n 12 )

AI0013 Macrocell



11
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BEGIN
--statements here

END exarple;

Figure 2-3. Entity Name Usage in Entity Declaration and
Architecture Body
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dnaanuuuimuanginssumainunialasedinuss Design Entity (U Architecture

Body lanl®ismsiizuasinelasldmw VDL (Design Description Methods) — Figure
o e ' . oy v
2-4uae Design Entity?h¥  Architecture Body 3810071 1 Architecture laminsanuuvazaas

- . . - . [y N . [ S a o .
sy EntityDeclaration (Faaasithu Trfc_le”)udaft Compile wasvnuuiudouuazConpile

4 . " v 'J
duuaN Behavioral Description #189135%4 Architecture name sl “Behav AAULTMINYN

J v . J b [ .
ANAUYNYDN Architecture Body 1 11131] Figure 2-4 Wawalanumsv Ny Behavioral

- v & e . . oS - . o
YDINATNBDNUVUUAT (NSEAU High-Abstraction) (@ WNIONLVUY Architecture Body YU

4' ° ‘J L . .
Sntwatﬂumsnﬂaau AMSNNIUTBINAT UNSEAU  Lower-Abstration  Architecture 2

o . e v -J ~ .

(Figure2-4) uamTﬂsqas"Nuazﬂuaxtavﬂmﬂwavawaga (Data TFlow) 294 Architecture
a o s . . N . SR v

name A9 “DFlow” MAIMINUULTIINIING Simiulate Dcsngnns:muumnuummmﬁ’lvﬂsuﬂjq

uldnamsyhuiiwels

,

T
<
N

“a Enmy_
Declaration

Architecture
Body 1

(Behavior only.
No structure.)

Architecture
Body 2

(Behavior mixed
with some structure.)

Architecture
Body 3

{Structure only.)

Figure 2-4. Multiple Architecture Bodies for One Entity Declaration
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e e z : _
saumsiliouadinediomn  VHDL usngn  (Lowerst Abstraction Level) fiams
o Yy « e d g - ° [
Wouluwuulasedd™  Stuctural  Description Fullumsafunomsinnueadnes  aLseay
Component Level Architecture Body 3 Figl.m: 2-4 udgaalvitiutanisedunluseay Structural
J . _v‘ b - ..’ \J o ‘d-? [] v -
70 Architecture A8 “Struct” TumsliiSmisadunofiuanawiu 3 350 mlvinaansanann
BaNUWYY  Design 1 M Taoldi8ms Top-Down Design lundaz Abstraction Level a:gmﬁuu

wazthulilu Design File uonnindy
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- ot vl - ¢
5L tmasma’lugduuuma 1

Design Description Methodes

VHDL (uidmsdisuaduismainurasndouisludnencues  Texual Format
- o 1 -~ [ [ 43' - ar Pl 'S
unuiiazly Schematic Diagram wilouiiianay Witad q dafine S8msFouaiung ViDL lu

aa o A a .
Vg 1 15 \IWaNILodUY Hardware Architecture

® Structural Description Method 85U18M) Design 'lugtluuuvaqmstéawia Component
AN 7 N80y

® Behavioral Description Methad 25U WIATUNISHININYDY Hardware Design 'luj'IJI.I.UU
¥y Circuit,Signal ﬁ'ﬂauauaqﬁ'ué'tytymﬁ%’uuﬁmmnmuuan - WOANTINNITYNIU
(Hardware Behavior) Rzgnaduiasiadanaiin (Algorithm) Taolaildezadadumnaguls

® Data Flow Description Method iANAa0ASINY Register-Tranfer Language 350151l

pduaWidumsiuees  Design  Tagmsimuamslva (Flow)yaeuayadninpuinia

chislerlﬂﬁ'ﬂﬁ"J()ulpum?a Register  8na235n15Ma 3lLUU‘mﬁ'E}SUWEJArchitcclure'U N

Handware #ansnadneniuiulasling 3 wuu da 1 Design filer
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Top Sheet

MUX Symbol

Bottom Sheet
MUX Schematic

Figure 2-6. A Schematic Editor Hierarchical Design of a Multiplexer

(= No]

u3
sel [ >—

oo

oo

5 ' eb

’ B Ue
41 > g

Figure 2-7. Gate-Leve] Representation of Two-Input Multiplexer
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Figure 2-8 Wd@Y VHDL Structural Description %89 Multiplex 2 Input Ty VIIDL Code 813050
\@eu Comment Tmﬂﬂﬁtﬁuu Double Dash (--) daanuniasnusle qﬁadné’wwntﬂ’s’ammu
wgnuasiuiu  Comment Lisulalon Compiler (uss¥a 1,2,5,7,17,19 B 21,24 Tusy
Figure 2-8) comment MW Code a1uds

1 ENTITY mux IS -~ entity Declaration

2 PORT (d0,d1,sel : IN bit; g2 OUT bit); -~ port clause
3 END mux;

4

5 -- architecture Body

6 ARCHITECTURE struct OF mux IS
7 COMPONENT and2

8 PORT(a,b:IN bit;c :OUT bit);
9 END COMPONENT;

10 COMPONENT or2

11 PORT (a,b:IN bit;c:OUT bit);
12 END COMPONENT;

13 COMPONENT inv

14 PORT(a:IN bit;c:OUT bit);
15 END COMPONENT;

16

17 SIGNAL aa,ab,nsel:bit; -~ Signal Declaration
18

19 FOR ul ‘inv. USE ENTITY WORK.invrt(behav); - - config.
20 FOR uZ2,ud3 :and2 USE ENTITY WORK.and_gt(dFlow);-- specif.

21 FOR u4 ‘or2 USE ENTITY WORK.or_gt(archt); -~
22

23 BEGIN

24 uliinv. PORT MAP (sel,nsel); --architecture Statement part

25 u2:and2 PORT MAP (nsel,dl,ab);
26 u3:and2 PORT MAP (d0,sel,aa);

27 u4:0r2 PORT MAP (aa,ab,q);
28 END struct;

Figure 2.8, Code of Structural Description For a Multiplexer

i
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Multiplexer 2 Input wdnelu Figure 2-8 L{lu'm‘sﬁugw Entity  Declaration ag‘iﬁ

- [ . - . g J
MUUY UTTNR 1 B3 3 MUANIS Interface Design Entity WaZd@MWIIAABNYI29350U ) np
uan

Entity Declaration il Port Clause Z9uan Input Channels (d0,d1 Wag sel) was Output
L4 [ '] v . - _ et & - .
Chanels (q) Sy IMuadud Channel gnimualwiilu Bit Asfigownilu 0 fu 1 H Entity

Declaration HsmansoudIoutfisuny MUX Symbol Ty Schematic 3V Figure 2-6 16\

L L 'l -4 - el - ,
Architecture Body lugﬂ Figure 2-8 (U3MaN 6 D3 28) aSuwANNANNUSTENIN
Design Entity Input az Output Iuanenzaadlaseds i Architecture fiasnsomaulamiiay

NU Schematic Aauanalusy Figure 2-6  Component ¥aw 7 (AND2,0R2 waz INV)F

Usznaumuiuauitlu MUX Design  Emiity  lugd  Figure 2-8 gnuszmaliludhuwes
Architecture Declaration  (usin@ 7 03 15) Signal (aa,bb war nsel) gnﬂ‘s:mﬂl’nu

L a' v [ & J t} [
Architecture Body (UTTNAY 17) @IUBUAU LWBAITUNY Output 484 AND Gate 2 09 (u2
uae U3) wuar Inverter (U1)

. « . o o < - ' ’ o
Configuration Specification UUSINAA 19 §9 21 Fowm Component  WAREAIN

Uszmaliands Design Entity fiauan Design Entity 31 Component kaazeiimau

\iu Component Ul Tuussviof 243U Figure 2-8 QN Bound NEN
Architecture Body %8 "Behav”

adnls #nelati

d3U Design Entity f3un v

Architecture Statement Part (Ui‘iﬁﬂ'ﬁ 24 0 27) a%ummst‘ﬁ'auda (Connection)
NI Component i‘l’ﬂ‘ssnauﬁ'w'lu Design Unit 'ludm{iva:ﬁmsﬂisnmn'ﬁ'li Component
Figure -9 WaalWifiudn Schematic Sheet 1 MUX Symbol fienuiieitnity  VHDL
Structural Déscri'ption atinls tmuﬁaz’lﬁmsmmﬁu'lu Schematic Sheet VHDL Structure
Description fvuanisiioudantluva Component

Schematic Sheet

MUX Symbol

System-1076 /
Description

-

Figure 2-9, Two-Input Multiplexer with Associated Structural
Description
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Structural Description
}

Tuduiiazafuneludivessmwiisansdilumsinsudnd VHDI.  Structural
Description 1auld@286198a  Multiplexer 2 Input alildaduulaseasivasmmnludiuiing
wua imdasnsundatebiihuriniy neasBuananualiald? VHDL Reference Manual

VHDL Structural Description Wu3imsaduioad Hardware Design v'{ﬂa"wﬁuuamdﬂﬂ
14 Schematic Diagram tWﬂm'mam'lﬁtﬁuﬁqmsfﬁ'audavaq Component MIBENAN ']7;%
waaaLiiiuludiudaluil WunaSsudiousashe q 1 1995 Faunudae VHDL wazunudas
Schematic Diagram Juuatdals

31] Figure 2-5 llﬁmﬁmﬁflmﬁ(Symbol) U893 Multiplxer 2 Input 135 MUX ﬁlﬂllﬂ‘ﬁ
aanWUUIUANYMLYDY Hierarchical Design (Figure 2-6) %qawi'lussﬁuénqmﬂu Schematic
Diagram v3aaglugUuvuraamsaSunefamsidaudanislu(Description) aa3U Figure 2-7
winowazFaungdiuinge Pin Ty MUX Symbol lusy Figure 2-5 smsiiuia Net vas
Input/Output 484 Schematic U3y Figure 2-7

DO_INL>—d0
B1_INC>—d! a——{>0 _ouT

mux

SEL_IN[_ >———sel

Figure 2-5. Symbol Representation of Two-Input Multiplexer



44

Behavioral Description

~ - o o O . .
TduiianflumsssueiidiudhdgrasnmndiunilaiufiaBehavioral  Descriptionlay
A4 J v o 1 J v ‘: <4 . ‘e L J
THFesilapniagNuudinauminill @a MUX  war 4 Bit Shifter s uduRle

adunlusaumhil @8 Structural  Description inid@mnsawiouifisuiulasswinmsadue
M8 Behaveoral AUWUY Structural Method IUANGNAY

VHDL Behavioral Description WnuvhAzunsiaiuead Design luguituuas 19suas
Fygnafinavauasdamsnszduminszquannnouan lu Design uamilugy Figure 2-6 @i
Figure  2-9 WOANIIUMSINNULE MUX gnr’nwumﬁum‘st‘&'audaiwha Inverter AND
Gate WAz OR Gae Faflafdunas Gate udazdniniufidlafufioguds T Design Fifiam
Fudpusnniu Component U183 U4 Tusy 2-8 dpasnInsaunueme Entity fivlafFunismeu
?{‘z'i'u‘z'fau De1IU Central Processing  Unit %32 Bus Controller Lﬁaﬂqﬁﬁ'umsm-ﬂmwia:

Component @2t Behaviral Description
VHDL Description u.am'lugd 2-9 udAd Behaviral Description Unu faziunuy Structure
Description (niauvhitanaumhil TuaZafiinaninsnin MUX Symbal atlu Schematic sheet

ualuhtienly  Behavioral a4 Component FEMINMIIA Circuit Simulation g'd Figure 2-10
W& VHDL Code 3 Mvuamainiueas MUX luguuuu Behavioral

Behavioral Description 11131] Figure 2-10 Wae Structure Description 'lu§\J Figure 2~-8 ﬁgwjﬁ
Entity Declaration Waz Architecture Body iufiu lumeafidimbiduiuszaandou 2
Architecture Body 1lu File fignfu (Faaunsoild) wmsdou Entity Declaration 1514
File'lﬂﬁﬂdiué"nﬁﬂu Behavioral Description 190 File wild uaz Structure Description 13
30 File ufiy  lun1saanuuua’l 7 naanms Write waz Compile Entity Declaration 1d39
Guudanudh sumaudalumsiduu Behavioral Architecture (Hutuaaudallumsiivsnagay
MINIUY89995IAETINMVING NEIINTN NSensdou Simulate uag Refine Warffums
MOUEEY Modelauniasninulagnaas 3932ns@isu Structural - Architecture nuf

4 - v o _ LA d _ -
WA&eW Structural Description (1lUunuf Behaviral Description (NaNa2 N3 Simulate @an
P
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ENTITY mux IS -~ entity Declaration
PORT(d0,d1,sel : IN bit; q: OUT bit); -- port clause

END max;

1
2
3
4
5 ARCHITECTURE behav OF mux IS
8
7
8

BEGIN

f1: - - Process Statement
PROCESS (d0,d1,sel) -~ sensitivity list

9 BEGIN

10 IF sel = "0" TIEN ~~ Process Statement part

11 q <= di;

12 ELSE

13 q <=do0; .

14 END IF;

15 END PROCESSS f1;
16 END behav;

Figure 2-10. Code of Behavioral Description For a Multiplexer
x

Behavioral Description Mode ﬁﬂi:IUﬁﬂdanWSﬁﬁlﬁﬂﬁmmWN In;)ut %um'nmaau
VHDL Model Tududuq iiladaenism Simulation 8nd2athay 151689015080 UUY Traffic
Ligth Controller Tould Structurat Description UAZITINDINMTIENATDT Model *j;u Tﬂﬂﬁ Traffic
Light Contoller 114 Input 35#8a5URI  Sensor Aidan dWSUMS  Simulation \1AoEEY
Behavioral Description Model ﬁumw‘daﬁﬁwamé’mmmﬁaarmn Sensor (WNUMSTTINIIN )

ﬁaumnaiwﬁ‘nﬁulﬁ'i’mzmw Structural 8¢ Behavioral Description 93 MUX @8
Architecture Body 93U Figure 2-10 & Process Statement Fumumahauidudaseimua

a e - o . -t
wodnssumahauraaiond  viadiuladiuniisss Design sUuwuuaINsIlisu Process
Statement WIANNIG Eﬂ.\Jﬂ

Process Statement............... label:
Process (sensitivity_list)
Pracess_declarative_part
begin
Process_Statement_part

end Process label;
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Process Statementlu Figure 2-10 Process Label f1 AN m‘%aqmnu Colon; (Linel

7) Process Label 1T Optional udiivselomilumsfiazdan uun'lv‘\"tﬁum'muymdwm Process
NA WA Design Tnei 1

AINARIATNIY (Reserver Word) Process h) Option Sensitivity List (aq'mu'lmq'

(3u) Sensitity List 1u3ﬂ Figure 2-10 (usTiad 8) Usznauludodyan  (do,d1  sel)

J e . . L3 & < e, . - -
SEMINMSM Simulation Mdgygnaladyanuviialu  Sensitivity List idamaiddoundas

State, Process 98NS Execute vufi tudate MUX (dalsimwifidyann do,d1 uar sel
\W&bu StateProcess f1 ¢ Execute W@t State 99 Outpur fazifhilumaguriu unaz
Process W VHDL D&!asign A Execute 1 ﬂ%ﬁzw‘hm‘lim Initialize VHDL Hardware Model

ﬁ"lhﬁ‘\ﬁmvm Process Statement 'lug'd Figure 2-10 @a If Statement ﬁ'ag'mﬂ'lu

& = v '
Process Statement Part gﬂuuuwuﬁwuvmmiwuu If Statement  WAAIGATWEN

if Statemente.cveceeseennene. if condition then

sequence_of_Statements
elsif condition then

sequence_of_Statements

else

sequence_of_Statements

end if;

VHDL if Statement 3ggn@ianuaais g fudsslualunmwmaings andiadnanndsslua
9EN

if the traffec light is green then proceed across the intersection or else (if the traffic light
is not green) remain stopped

Tudszleaiivzagluannzsinufidadislv traffic light Wudden

el &, e . a_ o d o

ABUNAITIAN 10N execute else Statement azn‘Jumetaananmwmmaamuzﬁun
. v < o

traffic light Willuddmesimutaule
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“ IJ [ 3.4 L4 f?
if-Statement Figure2-10 (1399090 10 81 14) aunsodnulalmidigiaalii
if Signal sel(select) is equal to O ,then assign the value of the Waveform

|
on Signal d1 to target Signal  or else assign the value of the ‘Waveform on
Signal dO to target Signal q.

Gdalafimafianznelu if conditionvia else conditionlugiathe Tasuamwanuas
- - : ) (Y N .
AUl (sel="0" W3paNMILANTIMYEL sel Flitidy '0°) target Signal q 32N modified

mummmm:auﬁuag’ﬁu Signal Assignment Statement §1Juuuﬁu§1uum Signal Assignment
Assignment el

Signal Assignment Statement : target (=transport Waveform:)

(Note transport Optional)

Signal Assignment Statement Uszloausnlu Figure 2-10 Ao
q <= d1;

Usslaaiivsimsmmuaduano a1 Ivundtynng (Optional transport) lailalalu
Fateil Signal Assignment delimeter Usznaudemanssiay: 2 safa  uaiadoni
compound delimeter Ustlua Signal Assignment Statement E')'uﬁ'aaaﬁa

q <= d0;

WINT assign Waveform 'lﬁﬁ'uﬁtum‘lm q nsldnudnatues compound delimeter

Aaltillu relational operator “Wasniwdawhiu® wulstluamagdail

IFZ <="1" Then
undql Signal Assignment delimeter <= ld ¥y assign dwﬁa@mamwﬁa'lﬁﬁ'ué’mzywm"ﬁ'agj
futhefie uae delimeter SnFtNUTUATFIUNMTN relational operator (WSpuifinu "Viasnd

vIaohny TalumsiSeuifisy condition T if Statement ondatwlugl Figure 2-11

WHAIMTI8Y VHDL Behavioral Description %83 4 bit Shifter (WauamlWitfiuin accurate

. . ' o Y
Wae  succinet YN VHDL Description L?Juatnﬂ.smauﬁ'ﬂumuunugﬂu.UU'uaq texrual

Description 991l
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the four-bit Shifter has four input Data lines,four outputData lines, nnd. two control lines, When
both control lines are low, the input levels are passed directly to the corresponding output. When
control line O is high and control line is low,output line 0 is low;input line O is passed to output
line1;input line 1 is passed to output line 2;and input line 2 is passed to output line 3.

When control line 0 is low and control O; input line 2 is passed to output line 1;input line 3 is
passed to output line 2;and output line 3 is low. When both control lines are high,input line O is

passed to both output line 0 and line 1; input line 1 is passed to output line 2; and input line 2
is passed to putput line 3.

1 ENTITY Shifter IS - - entity Declaration

2 PORT ( shftin D IN bit_vector(0 to 3);

-~ port clause
3 shftout  : OUT bit_vector(0 to 3);
4 shftctl  : IN bit_vector(0 to 1));
5 END Shifter; EA
6

7 ARCHITECTURE behav OF Shifter IS -- architecture Body

8 BEGIN

9 f2: - - process statement

10  PROCESS(shftin,shftctl)

11 VARIABLE shifted : bit_vector(0 to 3) -~ process Declaration part
12 BEGIN

13 CASE shftctl IS

14 WHEN "00” => shifted := shftin;

15 WHEN "017 => shifted := shftin(1 to 3) & "0

16

WHEN "10” => shifted :='0" & shftin(0 to 2);

17 WHEN "117 => shifted := shftin(0) & shftin(0 to 2);
18 END CASE;
19 shftout <= shifted AFTER 10 ns;

20 END PROCESS f2;
21 END behav;

Figure 2-11. Code Example of Behavioral Description for a Shifter

i
t
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Structural and hegavioral Description summary

v

Eﬁ'ﬂ Structural W@ Behavioral Description i‘ilm"nzmmuéudaq fil
VHDL structure Description iHJunisfimuamsidansa component @191 e
#hatudiu Behavioral Description  1Uumsadunufiadanaifin (Algorithm) 1893935UarMs
MUYae Input/Output Muluirdinsaavausatdlsdedygruniouan

Design entity
. 4 .. v °
Wy Unit WUFIUUAN Hardware Description Tdwnumsmanuue

Cell,Chip,Board 38
Subsystem YN Structural Wt Behavioral Description inmsusema Design Entity Tnoly Entity

Declaration d7u Architecture Body ¥dduaiaz Entity iﬂ'ﬁﬁaa‘ﬁmumwé’uﬁuﬁ'szw’iw Input &
Output 989 Entity ﬁ‘:uq Structural U@t Behavioral Description HANuLAnANAUdINHAUlS
Architecture Body @udaelilugy Figure 2-20 wnuidisudmamy MUX
Architecture  Body ¥8% Structural - Description (ehuuu'uaag'd Figure 2-20) diduua

Architecture Statement part 79851 8N HANADYEY Component finglu Design Entity du

faludiuyeg

Architecture Body 384 Behavioral  Description (d’m’ﬁ'NgU Figure 2-20) #d1UuD9 Process
4. _a . : g - -
Statement Z985NHNITNINUYDY Design Entity WU 1

1 ENTITY mux IS -~ STRUCTURAL ---~-==--co-o-- entity declaration

2 PORT (d0,d1,sel : IN bit; q: OUT bit); -- port clause
3 END mux;

4

S - - architecture body

6 ARCHITECTURE struct OF mux IS
7 COMPONENT and2

8 PORT (a,b:IN bit;c :0UT bit);
9 END COMPONENT;

10 COMPONENT or2

11 PORT (a,b:IN bit;c:OUT bit);
12 END COMPONENT;

13 COMPONENT inv |
14  PORT(a:IN bit;c:OUT bit);

15 END COMPONENT;

16
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24
25
26
27
28

1
2
3
4
5
8
7
8

9
10
11
12
13
14
15
16
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SIGNAL aa,ah,nscl:hil;' - - signal declaration

FOR ul linv USE ENTITY WORK.invrti(hehav); -- config.
FOR u2,u3 ‘:and2 USE ENTITY WORK.and_gt(dflow);-~ specif.
FOR u4 :or2 USE ENTITY WORK.or_gt(archl); --

BEGIN

ul:inv PORT MAP (sel,nsel); --architecture statement part
u2:and2 PORT MAP (nsel,d1,ab);
u3d:and2 PORT MAP (dO0,sel,aa);
u4:0r2 PORT MAP (aa,ab,q);
END struct;

ENTITY mux IS ---~- BEHAVIORAL-~===u-cmeeo o entity declaration
PORT(d0,d1,sel ¢ IN bit; q: OUT bit); -- port clause
END max;

ARCHITECTURE behav OF mux IS
BEGIN

i
!
f1: - - process statement

PROCESS (d0,d1,sel) - - sensitivity list
BEGIN
IF sel = 0" THEN -~ process statement part ‘
q <= d1; |
ELSE
q <= do;
END IF;
END PROCESSS f1;
END behav;

Figure 2-20
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Data-Flow Description :

VHDL Data Flow Description Wa¢ register tranfer language ﬁﬂ'nuﬂé'wﬂﬁqﬁ'uﬁaﬁqgj
- . o L. o -
aBuem ey Design lasdvuanislva (Flow)  Information 30 Input wila

Vi

P [ C . o . . . Fa

register wilaluds Output MidoNregister MUY DataFlow Wa¢ Behavioral Description o
O oa & d 4 a o . )

ANuANIARAUABNGLY  Process  tWafaradunslifiunisauuesnes  Behavioral

description 183U Process Waandilasmuluudas Process Tidnvuzyes sequential Signal
Assignment wag 9ddanely Process lumaasafugia DataFlow descripti 1Wéuauuaq
Concurrent Signal Assignmenf AN Concurrent Statement 151U DataFlow Description Usenau
Pl

® Block statment

® Concurrent procedure call
Concurrent assertation Statement

Concurrent Signal Assignmient Statement

v
UaNINT Process Statement,genetate Statement WaY component instamtiation  Statement

Wy Concurrent Statement sasmitouiy Flaseaamard bidsswulumssdnouuy Data
Flow Description

L3 J 14 G; 5 o -
Concurrent Statement MYUANITIUBUAD Processes Blocks TINNUATIN NUILDELUNY

MSNNIUUBY Design Concurrent Statement ¥NN1S  executel Uy asynchrounous Slunu
Concurrent Statement 94 1

3U Figure 2-21 waalvitiuguuuumaidsuading MUX 1at98 DataFlow Description
o v v by A N -t o, v o ] 2y - -~
Hrpuminiily  Behavioral wag Structural Description ruﬂuaﬁmumummauwunmnu‘lﬂn

suaaiitufeUselomiade quae DaaFlow  Description  wwsiwiiianuadnadanu

Behavioral Description 'lugd Figure 2-10 N Taumidaamint w1y Process Statement
(udA9AY Concurrent Statement lugd 2-21 Us91A 8 §4 10 (WA MuA Signal behavior
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ENTITY mux IS

PORT(d0,d1,sel ¢ IN bit 5 q: OUT bit); -- port clause
END mux;

ARCHITECTURE data_flow OFF mux IS
i
BEGIN

0w ~ M U s W N -

csl:

9 q <= d1 WHEN sel = ‘0" ELSE -~ conditional signal assignment
10 do;
11 END data_flow;

Figure 2-21

Data Flow Description Usznauluaae Entity Declaration (U3INafil §9 3) wuidm
nufu Mveely Structural Waz Behavioral Description fiaswnsmnudafaumindg diuuass
Architecture Body Uszaaulueas Concurrent Signal Assignment Statement Bavimthifiouam

o~ J a2l -4 “ Ll
MU Process Statement (WIUAMUMINBNUDUNUY gﬂuuuuaqmimtm

Concurrent  Signal
Assignment WaaaIa Ui

concurrent signal  label: conditional_signal_assignment

assignment statement

label: selected_signal _assignment

1151] Figure 2-21 (U3SSMAN 9 waz 10) Conditional Signal Assignment Y¥uH

(u Signal Assignment (q<d132 q<d0) uuaﬁnuamu"nmwum’lu Conditional Waveform U
WULABINIM Conditional Waveform Rl

Be

conditional signal  target <= options conditional_waveform;

assignment

conditional waveforms waveform when condition else

.
b
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waveform when condition else

wavetorm

Conditional Signal Assignment UNUMINMNIUYBY Process Statement ¥ily

if Statement
'lun'mﬂé‘uuuﬂaﬁumzwmﬁ’tytywm (Optional

guarded transport) liilgudasliiiuludhaghe)
- ~ . L.
tWamMsiU3outfigy  Behavioral Description 184

& v &
A%y Figure 2-22 (Muunrasgy) wipuks pa
~ v J .
nu(mMuangl)

4 bit Shifter 3U Figure 2-11 uanslviiiugn
a Flow Description #8818 4 bit Shifter 15y

J J & ] o ooy
dauansedudiulafasswiumsadunlanls 2 3380 4 Process Statement gnudaafiu

U 'flu DataFlow Description was 4 Conditional Signal Assignment  (USINaN 9 04

aement  Wdathadiulaga(ussiod 9 8 20)

aFlow Description 'lugﬂ Figure 2-22 fimsly Entity Declaration
\WUEIBAY  Behavioral Description  (USsh@aH 194

20) W38 Behavioral Description 3 1 Process St
MIBLINYEN Dat

S)Architecture  Body Tu pataFlow
. e 4 . n - v .
Description 1o Concurrent Signal Assignment #3Usenaumiy 4 condetion

al Signal Assignment
P v '
Undmsuuea

Element u83 shiftout array (Concurrent Signal Assignment Statement 13i1¢
1% Optional 1abel mﬁauﬁ'uﬁ'lﬁ'lugﬂ 2-21 UsTNaf 8)

1 ENTITY shifter IS -~BEHAVIORAL

entity declaration
2  PORT ( shftin : IN bit_vector(0 to 3); -- port clause

3 _ shftout :0UT bit_vector(0 to 3);

4 shftctl  : IN bit_vector(0 to 1));

5 END shifter;

6 .

7 ARCHITECTURE behav OF shifter IS -- architecture body
8 BEGIN

9 f2: -~ process statement

10 PROCESS (shftin,shftet])

11

VARIABLE shifted : bit_vector(0 to 3) -- process declaration part
12 BEGIN

13 CASE shftct] IS
14 WHEN “00" => shifted := shftin:
15 WHEN "01” => shifted := shftin(1 t0 3) & ‘0"

b

16 WHEN “10” => shifted := ‘0" & shftin(0 to 2); I
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17 WHEN "11" => shifted := shftin(0) & shftin(0 to 2);
18 END CASE;
19 shftout <= shifted AFTER 10 ns;

20 END PROCESS f2;
21 END behav;

___________________ P e e e e e e e e e e e e e - - —— = = o e = o~ - — - - -

ENTITY shifter IS --DATA FLOW-=—cmmecoo_

PORT ( shftin : IN bit_vector(0 to 3);
shftout  : OUT bit_vector(0 to 3);

entity declaration

- - port clause

1

2

3

4 shfteti  { IN bit_vector(0 to 1));
5 END shifter;
6

T

8

ARCHITECTURE data_flow OF shifter IS -- architecture body
BEGIN

9 shftout(3) <=0’ AFTER 10 ns WHEN shftctl = "01° ELSE
10 shftin(3) AFTER 10 ns WHEN shftctl = "00” FLSE
11

shftin(2) AFTER 10 ns ; -- end cond. sig assign.1

12 shftout(2) <= shftin(3) AFTER 10 ns WIIEN shftctl = 01" ELSE

13 shftin(2) AFTER 10 ns WHEN shftctl = “00° ELSE

14 shftin(1) AFTER 10 ns ; -- end cond. sig assign.2

15  shftout(1) <= shftin(2) AFTER-10 ns WHEN shftctl = "01° ELSE
16 shftin(1) AFTER 10 ns WHEN shftctl = “00" ELSE
17

shftin(0) AFTER 10 ns ; -~ end cond. sig assign.
18 shftout(0) <= shftin(1) AFTER 10 ns WHEN shftctl = “01° ELSE
19 ‘0’ AFTER 10 ns WHEN shitetl = “10° ELSE

20 shftin(0) AFTER 10 ns ; ~- end cond. sig assign.4
21 END data_flow;

Figure 2~22
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Configuration Logic Block(CLR)
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whil Clock #iluszuuaesnaingunsafanlu Peripheral w32 Master Mode Data 819
dannnlulasTusiweimionvsiaduiunduiiavile

SV,
* If READBACK IS
[ | I ACTVATCD A
‘W) RESISTOR IS
MO M1 PWRDWN RCQUINLD IN
MICRO SM2 SCRIES WITH M1
COMPUTER
OPTIONAL
SIRB CCLx M2 DAISY-CHAINED
LCAs WITH DIFFERENT
00 DN DOUT t——— | == CONMIGURATIONS
o1 }— HDC |—o
rora | 02— LDC p—— | GINERAL-
1% PURPOSE
03— i LCA USER 1O
PINS
f— L |
— OTHER
os 1 % vo pms{
06 o —
D7 NIT

F RESETY —— RESETY

on X BN X BIT N o1
N .

1o

ceLk ; * ; —. ~

pout |
{OUTPUT) BITN-3 XXX eaw

Figure 24. Stave Mode. Bit-serial contiguration data are read at rising edge of the CCLK.
- - Data on DOUT are provided on the falling edge of CCLK, .-
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Daisy=chain

XACT Development lgdhwmsuasndyguei g Feezmadlu Configuration ¥4
LCA u@azmiu Daisy-Chin %aﬂs:naﬂlﬂd’m preamble, length count fmsudiunu
Bitsteram 1aMuARRDIFMIEMANAUT I Rit FtAvly Deviee WU Daisy-Chain %&9
Q'm?; Load prcamble dae length Tuda Daisy~Chain uad Load Device LCA GT’mé’ﬂﬁi)::Léu
Load 81 Configuration wnlunsulagazlvinn Daa Ou 1y High 93U Load Device, Load
bitstream ﬂ'SUME‘i'QTmﬁ‘;u Bitstream Data fazeiuaanlugany Data out *'z'fuﬁ'arfautﬂu Hiht
ag’aanlﬂz‘fq LCA Mol Q‘Uﬂﬁﬂf Load Device galafudia Configuration Clock
(CCLK) Mg w'\i'aﬁ“nms Synchronization 'ﬁ'a:dﬂﬂzﬁ Down stream LCA Data a:gna'w
B lUfien Pin mzaumihst CCLK uay Shift W DOUT fiuaumdazes CCLK

|
* 8 ACADRACKIS 3V - sV [ s
ACTiVAS(D & I l ' I I
AE SISTOR * T sl U !
i ml(‘osu%ﬂ?t‘ i AC A PwRlwA : MY M PwkDwWN]
SERILS Wil e !
o) ik fmend CCLN
- SX3 o ponnt
- 108 i
714 SLAVE 0 !
—unc 1 w
cAeha — AC1a acyp—  ——daty wpC o !
5 1 wt Ray
":'.g?(() 0N e ALY e PPN i
. 1
pwes e P L‘f‘,.':m
: b eaan OlwlA
] S e A1 VO NS ,
H IO(;.;‘:S Dol A :
: . .
(CA AN ———— a0 w1 i
uasiER A et AY pret D P
3 ——ta0 o L
——0 as ‘
[ ,.i__.., o: —W |
| ——10s 84 mmeee—d A SN '
P I}__—. NOI[ XC2000 DL WICL S OO WO B
2 ”. }: =M™ savt INIT 10 HOID OF F A MASH R
Y & <h < Eal N SEwict RTBTY OF & MASTOM DL WiCL l
[+ As!'——— A3 N $HMOULD BE ASSTRITDBY AN [XTT RNAl
[ . TIMRNG CIRCUIE 10 ALLOW FORLCA COIN
r o ~ i %N VARIAIIONS t CLEAR STATT Tl '
o & —ia o
Al an > '-\
o of
—1RESET wil v p—t CE SYv !
= < <
v < S smakacH
oy
Eenotan J'>u'\u\‘u':- "
o' I 3}
-

w

Figure 25. Master Mode Configuration with Dalsy Chained Slave Mode Devices.
Al are conliguted from the common EPROM source. The Slave mode device INTT signals
delay the Master device configuration until they ate initialized. A well delined termination
ot SYSTEM RESET is needed when controlling multiple LCAs.
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Special_Configuration Function
é
mulu Configuration Data UBNIINITUSZN UMY User Logic Function ua:msx%'au
dameluuditsussnaudie uvesstayanldmuauihiduiiasiug vananiudn 1o
uri Weriu Facialuil
® [nput Threshold
® Readback disable
®  DONE Pull-up Resistor
® RESET timing
®  (Oscillator frequency
quf'z's'u‘zj"wwfugnmuqu‘imu Configuration — Data hil ';'I:Dﬂﬂiv’ld‘?;u([ﬂﬂ XACT

v

Development system software BGunyuIUNITUI hitstream SCNCRHUOT Process
Input Threshold

riau‘?';mums Configuration Q:é‘uﬁﬂ LCA ‘qnc’h'\o:ﬁ Input threshold ¥a9 TTL
compatible LEWAITINYUIUMISI Conlguration ﬁvuqmama"v Input Threshold iy
CMOS v38 TTL ﬁ’uﬁa:i’?uazjﬁ'umﬂﬂsmsu nI5lS TTL compatible 6891 supply (i
Tuanthodndu Threshold shifting fi7aunt3ufa Threshold 72917 PWRDWN uae Direct
Clock 3zaaatiu CMOS Lauan'auﬁ:vmum-s Configuration Q:guﬁﬂ User 170 Pin u@az
:lnY!n‘uw::ﬁmL'l‘Ju high Impedance pull-up v"a:ga'lu Configuration Program ansamiv
10B 90 Pull-up Resistor Lﬂ:a'lﬁlf]u Input Load Uaanu Input ag’luamv:aau (Floating)
o User 170 vulaildldnu

Readback

dayamuly LCA sunsoazguaanan (Readback) 16 dasulusunsu Bitstream 16
fMua Option lumsih Readback 1a113 M5 Readback  fianl3ifavhmisasadauany
QNABAYBY Configuration flusunsuthly wialddmiuaTeday Inemal Logic vtuedivn
A3 Debug MaLdan (Option) Tumsi Bitstream Readhack § 3 wuu laun

- Never vangta valalwiinas Readback

- One-time e Walallw Readback wa310¥Ri5u Readhack Tduda 1 a%a

- One-Command ¥3Nadd 19A183 Readback 1a@muaaeanisiniyainng
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YUIUMS Readback @nsanszildlaolidalsnn User 170 Pin laq fifosuen
MOMT war CCLK tnuuildnstauuiums  Readback mlalagnsadyanuuay
Wi (low 1o high) TUfw1 MO/RTRIG (Read Trigger) 21 CCLK Input TADITUAY
Fyonn Logic mnmouanlunisfisy ReadBack Configuration Daia 88n3nle vaumth
YAy CCLK 3 anusnazad Dummy Data 880 uawﬁwaqé’mmwmgﬂda‘lﬂ~Q:L‘§'u
&4 Data 8ananfizn M1/RDATA (Read Data) pthdwhdyanuszanlugy Inven anan
Logic 0 lu Contiguration ediendu 1 Tu Readback Logic 1 fdunu wazudas Frame
83IMS Readhack i start bit 1 bit i Logic 1 e laindiaunu Configuration Data uaze
i1 Stop bit (1 Logic Wy 0 Bit ﬁ 3 403 Dummy Data ﬁ:nénmﬁ'wcfuawna"uﬂm"i'mfju
Start bit 83 Frame Wsn Data [rame N0 frame a:m"aagna’maammuwumriau-?'{q:avuqm
YUIUMS Readback MARNUUTINAIIAY Mode seleet taz CCLK Pin ndulugianz
Undl

YUIUNT Readback R):S'Jmiﬂﬁfn’lzﬂi)izﬁu_((‘urrcnl Stae) U3 Intemal Logic Block
Storage clement URSENIZYBY | Waz Q 789 IOB ufazal iagaméwﬁa:gnﬂmi‘nﬁ'u
Configuration  bit 'luchtmﬁamzﬂm"lﬁﬁagamehffkﬂuﬂsz'[azrﬁda XACT  Development
system TunITHEasadaUENIW MehauLas Logic mulual LCA

Reprogram

LCA Configuration Memory dansadauidnlyl lmisnasale vm:ﬁﬁwﬁaﬁwewuag’lu
seyu TumsGuduiasiims Reprogram lalogldyanuuaumh (low to high) Wy
i DONE/PROG Tunnsiiazan Noise 198 (23 é’tyty*mvaﬁwﬁwﬁn%ma:gnmﬂﬂu
Intemnal timing generation naudszainm 2 cycle l.ﬁ:a'm'uu'h tﬁ'ams Reprogram Léumvufru
7 USER Programmable 170 390 Disable Ivnainnu high Impedance Pull-up Resistor
LCA ané"ljl'lr’lijan'l’]: Clear State waz  Conliguration Memory 3800 Clear n'au?fasvh
M9 Reprogram

M35 Reprogram TngdulnapznssilasWdyann Low whfitn  DONE/PROG
ia LeA SUIFURNN low JUNTIIVIUATT Reprogram Fsiasaduy
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Done Pull-up

DONE/PROG (Jum#ifidnwniz open-dmin 170 Pin ugaan  LCA tiuagludame
Ay (operation State)nN15 pull-up Intemal  Resistor ansomlelagld XACT
Development  system Tumsi Makebit 91 DONE/PROG 999 LCA vau@inaauuy

Daisy-chain @asaapsinnulatwalivings Reprogram wiaudunanua
DONE Timing

10 (timing)  ¥83 DONE  Status Signal mmsnmuelu'loﬁman‘mﬁanﬁ:
Makebit program 'luﬂ'lif;il::'lﬁ’ CCLK Lﬁm‘}vudauw’%awé'ufia'lﬁ Output activate (@ Figure
20) anuazmnlumsmuauiiissTanidanisaiuas exiemal Function wuly enable
PROM w3aminnmiszuulvaglu Wait St

Reset Timing

wiaunyu DONE Timing 13108 Release dyanne Reset Mulu dhansoaiu
aulalagly Makebii program lumsiingld CCLK  iiefunpunSanasiiazly Output
activate (5&31]9120) 27 Reset H8SNW18A122 User Programmable ip-tlop o Iuazae

Latch Tenidu Logic low s213msih Configuration
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Us28n501W (Performance)
Device Perforsnance

LCA fiuszandnwiiatuagiuriumsnda adwiuruiumsudn CMOS high-
speed  static  Memory  Usz@ndnwuad  Device 2RI lAINMIILYEY Mininum
Propagation delay U893 Logic element ﬁ'a'%quavv toggle frequency U8 flip-flop ufluinia
Usrandamlagsiness LCA msiauszAnSniweas tggle performance 4aAImMsaaaaly
FFigure 26 flip-flop Output Q a:gnﬁauné’uwﬁq Combinatorial Logic tﬁa’lﬁtﬂuﬁ'tytym
Q L‘W'E)'T'I’Q:Lﬂu Toggle flip-flop

i—{>’—c 0}4—-—

C1OCK — —— b

Figure 26. Toggle Filp-Fiop. This s usod
3 characionze AovICO PONCIMAnCH.

Useandnmnuns L(‘.Ah’uﬁﬁagnﬁwumimvnawac Critical Path #4573M3 fixed
timing Y03 Logic UaY storage element 1y Paih ﬁv'u timing ﬁ'ﬁmmﬁuﬁuﬁ'ﬁums Route
Network @1 Timing Worst - case UFNlY Performance Data Lﬁ'auan'lﬁ User U Qz;lﬁ'
Tdauanansovad device Iﬂv’g!qm XCAT Development 9@ 70MIAY Worst case path
Taulyen actual Impedance 82 Loading Information Figure 27 uamgﬂuuumﬂ%’audaﬁ{
MU system performance Tuanwauze 1



90

Logic_Block_Performance

Ussan3nwuas  Logic  Block  ugasbimuladain  Propagation  time 90
interconnectpoint ‘7; Input 283 conbinatorial Logic 09 Output 29 Block Tu Interconnect
area @ uUseandnmwual Combinatorial (Wudaszan special Logic Function wnehld
MSWHUILUY  table look-up Timing a:umnsimﬁad‘muaa Combinatorial Logic @anu
d2Uved storage element dwmsudiurad Combinatorial Logic Function 'h"ﬂ'u Data Input
YO storage element A1 critical timing @9 Data setup %’ﬁmwmf’imﬁaaﬁ'w Clock edge Tu
Flip-Flop clement A1 delay Pnuuaanidia Clock 83 Output 983 Logic black Wuan
critical timing ?Jmé'ngmv’lmuaﬂfruiﬂﬂ storage element loading 993 Logic Block 3240
faRaiuofawny  Network vum’lwnjmﬁwﬁv'u Uszandmwludasanudua

Logic Block iuazjmsmuuvaq supply voltage ua:qquﬁ (Figure 29)
Interconnect. Performance

UseAnSnmzaamsiFaudaiuagiums ruing Resource ﬁﬁaéma'lu’lumsﬁ‘a:aﬁq
matiuvasdynnunoly LCA FafnamInuIeau 32 1ueProgrammable
Interconnect Direct Interconnect mtﬂumsmaumammaﬂ #u Long Line mu.lu Single
metal - segment uuaxlwmmmmumumawﬂawmﬂmuum:lwm high capacitance
amtywmwuumu Programmable swilch iAY Impedance ¥4 switch ﬁ’JNL‘U‘ﬂ.UWJUuDﬂ
AINAANHMUNMUSITHMNUTEANENINYBY  General  purpose  Interconnect uu'uuaﬂnu
U switch UATIUWIU segment ‘nlﬁ $Iues Buffer wuubidirection WaTINY
loading qumLﬁuvaqﬁmtgwmﬁv'wummﬂ'lu path v lumsémnn worst-case Ty general

Interconnect 10t XACT Developnient software UUTIENY clement TIVNG



91

25U UMINNNITHNIUUGAZ Pin description
pAyzRlFNuUUaI AN 0 283 _User il
vCC

w2 th 8 1 Busgivrunaasmaidaniuld +sv Taannusedasdsliasy

GND

v 2 th 8 1 Jusgiuriinuaemt aafu GND nnazdasdaliasy

PWRDWN

1l Logic low fionii (1B ¢MOS Input) Izngansnaumslu rrGa YINUR LAE
asammAsgnlusunsueIld tip-Nop NNAMN reset Ouipur nnadagludns 3 State
tnput ngnlwidiu Logic high (Wudaszandygna Inpu fidawdhan fivn PWRDWN
1y Logic 0 Vee o193zandmpgiiszanm >2.3v (ilo PWRDWN naundan1e Logic
5na%y LCA szdudhnuiion DONE (i Low Tutana 2 cycle 289 Clock mMalu
1 MHz 523 WM3 Configuration 11 PWRDWN 3zaauiiy high Mmbilgldawiiu vee

RESET

Wun Input ﬁ' Row %ﬁﬁwﬁ"lﬁ' 3 2t NAD n'auﬁzazﬁms Configuration @8 LCA 1
RESET azgnilvitu Low flumhanaims Configuration aenld wasezasiaday
szaurelW Vee uaz time out cycle 1dunau lﬁ'a tme-ou cycle URY resel 1ﬂvQU§an
ssaudyanafion M w3 azgnahunﬁmLv"v:aﬁwnmﬁan‘[wum'lumsm Conliguration
CCLK

FEVMINMTM Comfiguration Contiguration ¢lk 1y Outpwt Lﬁ'aag'lu Master Maode
W38 peripheral Mode u@azidy Input Lﬂ'_aag'lu Slave Mode $TvINMISM readblock
CCLK 3ty Clock Input ém%'mé"au Configuration Data 483 LCA U@ioz6) CCLK
TueesdiEansedindmelunuy Dynamic Tu LCA Low time siAaiulaaglviiu 2-3
microsecond l:‘ja'lﬁlflu Input CCLK 3z@aaaany high @17 Intemnal pull-up resister ¢
$nwszdu high wnlitdia pin laildgnea
DONE/PROG (D/P)

DONE Jumn open dJiain’ Output 90 Conligarationy ﬁﬁﬁﬁﬂ?a‘lﬁﬁ Intemal pull-up
register (R22UIUMI Configuration ﬁvuqﬂ 195mglu LCA azghuluwuy synchronous 1
DONE gnlusunsulviiiiu high 1 cycle mndavsonaud Output 614 3% Active N&ITINT
LCA lﬁgn‘[ﬂsunsuhjﬂ%‘:\:wﬁq Siimsisussaudyannmn hish o low MW LCA

3UNSTVIUMS Reconfiguration AILaa3uan (va
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MO/RTRIG
uzaglu Mode 0 21 Input il i M1 Qnahwhw"ﬂﬂn'auti?;an'wum
Mode fiazi3lunisynszuiums Configuration xﬁﬁmitﬂﬁuuuﬂaaizcﬁ'unaqﬁ'fynﬁfu
N Low-to-high mMEManiinszuaums Configuraion IdiaSedulunds amliiiie
ASYLIUNTS Readirigger WAZANAUNSEUINMS Readback Configuration Data Molu LCA

ponin 1g COLK (W Clock Ban option 1¥15 readblock leiianauaa bitstream

MI1/RDATA

wmzﬁ'azjlu Mode 20 Tnput 21557380871 M1.M2 Q:Qna'mﬂ'WL?TﬂULﬁ'aﬁ‘mum Mode
Tunisiiasidinszuriums Configuraion DUIUNS LIS Readback M1 @3nsodaas
NINE 138 vee 1ELAAsT taziimsldnmunis Readback M1 95@a3@9AUAIINEIUMY
5K 8an516M3a Ve tRaldumng RDATA Output 292 Adtive Tow read Data ¥84370

YUIVUNIT Confrguration w3aduaziy Output #1150 Readback Data
) Vo V. ocia Ve U L v
i L nvicavuas iy User 170 Pin 1@

M2
FEVINNTZVIUMS Configuration 27 Input w9z Pull-up resister E)i\J: MU TINNY
7 MOM1T  azgnghuminaunisziinhinsidan - Mode  lunisias3unszuiunis

Configuration ¥AIIINNTZUIUMS Configuration U tignlaidu User 170 1d

HDC

iiasfiannadu high $EM319015%1 Configuration Lﬁ'a'uan'lw“;s"d'wtu:{fﬁqﬁmszmu
N5 Configuration 5%17f§‘d?!kﬂ TAINNIT Configurition llﬁdv'lffv:gn.lﬁlﬂil Uiser 170 Pin
LDC

izanmaniy Low swiunsih Configuraiion Favan i hunsiseins
Conliguration galiiEsa vaannsm Conliguration U‘lﬁ‘ﬂzgﬂ'lﬁlﬂu User 170 Pin Lo
Lo fiusslomilasavnzathadaly Master Mode Tumsisandyana Low Gl
enable EPROM Configuration {@va3m0 prograum comgiguration Lﬁ%?)lllﬁ?]’ldﬁ):ﬂvaagﬂ

<

Tusunsylviianu high
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INIT : :
(Wumn Output ';’l:'s): Active Tow ‘i::ﬁ’.l"lﬂ":fl‘t‘l'ﬁfﬂ Power initialization microprocessor 1y
AanYEEd wire and (U Slave Mode 1az hold-off Signal Tu Master Mode w8290

Configuration @Sty ther 170 Pin 1a

BCLKIN

WYy CMOS Direet level Clack Input Butter ﬁ;pm’mﬁumw

XTL1
g User 170 tignldaudsowpaampliticr @WM3UTY crystal 9917995

mMyguan

ATL2

1 User 170 ofionldaundu nput g anplitier lunisiagdany crystal nouan

(S0,(S1,0$2,WS
17 Input 914 9 WugeuaadynIn 3 3132 Adive 7 Logic high B0 1 @0 Adcive

low ladmiunmua Configuration Data peripheral Mode

RCLK
SEVITNMSM Master Parallel Mode Conliguration RCLK Qzﬁ‘ltﬁﬂﬁ"ﬂgﬂvﬂm ‘read’

MY éxternal dynamic Mcemory Mguan ¥aiann Conliguration LH‘S:‘QL%UUSVGUUW{IQ:Q!’I

k]

150y User 170 Pin

RDY/BUSY
FEVIN peripheral Parallel Mode Configuration vwf?lﬁéw%’uuamﬁ ('hip_Wﬁvau‘?l:Q::%'U

ﬁ"azéa'lul'uGl'm'awﬁzi):tﬁuuaqgiﬁ"aﬂu WAIINNTEVIUMS Configuration (SouTpomiasly

Wy User 170 Pin

DO-D7
Wunadswasdyudmivderiudayaly Made parale Configuration Ryte Ty Master
Parallel Wz peripheral Mode M339I00520IUMS Conligeration @38 iiazgnlsiiiu

170 Pin
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AO0-A1S
S Master parale Maode '?ﬂr-fﬂ.jﬂul'll‘.l 16 ezl Output address dmsu

Configuration EPROM stdmwmgwnariiontdidy User 170 Pin 1d

DIN
SEVMTNNTN Conliguration Ty Stave 350 Master Serial Configuration Nilddmsu

Wy Data 0 I WAIDMNSZUIUN T Conliguration WS3EMENZY User 170 Pin

DOUT
SEWINTEUIUNS Confieaeation W iAdmsudlu Oupu iy Serial Data daluda
Py Serial Data Input wa Slawe aranlludnmuznen divsy=chinn AT INNTTUIUNIG

[

Contienration td3advmutstliy User 120

TCLKIN

W Direet CMOS-level Input e 13 elabal Cloek Rulter U'l‘ih?m:]‘u Use 170 Pin
1o analsfion TCLKIN nnsitaslddnsiu nput slobal Clock #a2 elobal Clock 12592
i Clock Wl Chip Uné Pin deglidhmsudly Clock Inpat dw3 Chip Aurestricied
User 170 pins I70) Pin 8133200 progrim Tt liput AT Owtpur @4 Conliguration
2 nrestricied AT FLARELANAT 1313] weak=pull-up resister 50K Faenily Actve

3ia Power-up HATTINT Active JUNTINTVUN IS Conligaraton

YD User 10 Pin
1/0

21 170 Pin nnqgiazgnlusunanbitih mpa 58 Ouipoe esidaanis ’Bvuaz\jﬁ'u
Configuration Data "y’\"[ﬁﬁuﬂim?ﬁlﬂ waAzINzi Weak Pull—up Resistor a0 50K 03 100k
a9 Adive dia 1eA Taunsiolil (rower up) nazfanagamvidnsuniinssuu

M5 Configuration 323UFEA
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mMsasuasvanlnseeiy
Taseauiinaaaeade
Funumiiausfe vinlan@iinaa Digital Alarm-Clock )

pdusanvslaomaly (General Description)

Y

Bunu%uﬁﬁnauamsas’wua:aanuuumﬁmﬂan ( Digital Alarm Clock ) lag

panuuulviveddumsiauldadiedy 10 wad MM 5387 AA D1 NATIONAI.
SEMICONDUCTOR Taglgmw viDL Tuniseanuuy %'e5n‘dm~Tnun"'v'thmsna%Lm
ldlaud 209 VIIDL, Module Digital Alarm Clock  fig¥aiui ANSaUENIA lanaiy
7 Wty ldun wmessar waawanan . ussanILE . uamsnande - T
aunsallih (Judy Tnummsnmumﬂnumqnu LED 7 SEGMENT - fitdiwnfiiay
mmsnmnmnjn - Ue gunsallvdihleviute 59 vif mmammamummsmaanlm'
YNLL'U‘U 12 Hour Formal %38 24 Hour Format atyqpmmﬁm Input @soidanle 2 @y
AD 50 117 uaz 60 117

Qmam'fﬁ (Specification)

o ldnwiianud 50 112 v3a 60 1y

® uaaa e 2 SUNUY 12 W3a 24 Hour Format

®  AM/PM Ouiput Mé'ﬂﬂﬁﬂtﬂuquﬁasﬁu ( 12 Nour Format )
o dwanlanldnasn 24 m

®  Counicr nnsﬁamm Reset 18

¢ VIMIVAN Fast UL Slow Setting

®  @n LED 7 SEGMENT ldlannse

o wyavaniuuniuom o Wi

e awmdadaaunsalliilalugie 1 - 59 1
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ﬂ‘l‘i\J‘S:QﬂfvﬂﬁQ‘lM (Applications)

Alarm Clock
Desk Clock
Clock Radio
Automobile Clock
StopWaich
Industrials  Clock
Pontable  Clock
Photography  Clock
Industrial  Timer

Applilance  Timer

Sequencial Controlier

adulsmaINuuaazat (Function Description)

® 2150 OR 60 Hz INPUT : 1Uudganalugunailiunniinian Teodygnoues

(Ju SQUARIE WAVE m"wmﬁtyqnm{jé:gnmstﬁa'lﬁlm" TIME BASE 1 Hz Usui
smulugdaly

71 50 OR 60 Hz SELECT INPUT : tHhunnfial3idandanmd Inpu #ilfawTlaod
2 LOGIC 7 1 wnodudanlidyann 60 1z 6 LOGIC * 0 dan ¥y
50 17 ‘

21 DISPLAY MODE & SELECT INPUT : (@ananunzmsuaninambiiins@anle
1 waesds nAUSNG ( Time Made ) Maainslvuans Mode Tefdorniuag
Vss A6 RADIMSazidnwaf LED mueaims sieuanudsglunsuans
fared 1 Tunsdifine 2 Mode Wiy Mode ﬁ'éwﬁummﬁﬁmgqﬁazuamﬁau
21 TIME SETTING INPUT : 31 FAST uaz SLOW fil3dmusanaen 1 o
faams iy uaan . innaudalagunsal , nawsnd Wudy Famsldnu Fas
U Slow fRzeaslinusIniy Mode Hidanuaniagday 'ma:n‘a’umuamﬁgmmﬁ 2
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® 112 OR 24 Hour SELECT Input : Ransyuyunisuaneaidsnd axlvuans 12

Hour Format %38 24 Hour Format

® 21 ALARM OPERATION AND OUTPUT : miissven/W LOGIC = 1 * dlavmd
aap 3R Alamn @safunanss ( REAL TIME ) Tag Output zANYSENINV 59 WIT
snsolidyiamgeiiasnldlasmsne SNOUZE SWITCI talvigadangiasn
Ussanm 8 - 9 Wif inudygneasiinudnads

® 1 SNOOZE ALARM INPUT : aniuflunnduneiiials Alam OUT wgauaniives

Wuna 8 - 9w aunsonadlaluseninginm 59 nd filinsdan

® %1 ALARM OFF : aiifundune tavgamsvan iabhsaswdanfiaziuduwa
2117995 COMPARATOR tRamsvanafedaly hdoimshiliinsuananlvs
?n{j'aa Vss 03060

® 27 SLEEP TIMER AND OUTPUT : 9iitthinn Outpur snsnsaasarliinauld
mulugnna 1 - 59 i YsslonidoimliSlatia - gunseldn q duhnaew
nafiaualisssineuwdondu  ALARM  OUTPUT didaniswga  SLEEP
OUTPUT fpudisghimseamnmli ne SNOOZE SWITCH 11 SLEEP OUTPUT fiss

gn Reset wapnazmnuluaseaaly

AT NUFAIANHUSNISUTAING

9eled an!a)‘ DIG!T

Mode

Time Display 10 'S Of Hour | Hour 10°S Of Minute Minute

Second Display | Blank Mipules 10°S Of Second- Sccond
Alarmm Display 10°S Of Hour Hour 10'S Of Minute Minuie

Sleep Display Blank Rlank 10°S Of Minute Minute
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M15IIMEOINITAIIET

Selected Display Mode | Control Input | Contrel Function

Time Slow mnam"i'uiruﬂ"'mé'mﬂ 2 1l
Iast FOANRNT USRS 60 117
Roth ARt uMuAas 60 117
Alarm Slow AnaNfusnsan 2 1z
Fast A unses 60 117
Roth L'JBWUE}H?L%YI‘[UZTQ 12:00AM(T2 HourlFormat )
| vamUandiamlue 00:00 (24 HourlFormat )
Second Slow wgara by (HOLD)
Fast Snwandunfiduguilaslimaludimanund
Both a1 TIME Reset Wa1 12: 00 AM

¥38 00 : 00 ( 24 HourFornmat )

Sleep Slow ANAILARIILAAT 2 7
Jast ARAILIAIAININBATT 60 17

Roth ANAINAIAAILDNTY 60 iz

25uIAINIUUAALT BLOCK

1.CONVERTER ywhfdangunuunsuanua,wastayaliagluzur
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XC3000
Logic Cell Array Family

Product Specification

Features

¢ Industry-leading FPGA family with five device types
- Logic densitres from 1,000 to 6,000 gates
- Up 1o 144 user-gefinable I/0s

* Guatanieed 70- 10 125-MHz toggle rates, 916 5.5 ns
logic delays

* Advanced CMOS static memory technology
~ Low quiescent and active power consumption

¢ XC3000-speciic fealures
Ultra-lowr curient option in Power-Down mode
4-mA output sink and source curtent

- Broadrange of package options includes plastic and
ceramic quad flat packs. plastic leaded chip carriers
anc pin anc arrays
100% bitstieam compatible with the XC3100 tamily

- Commercial, industrial, military, “high rel”, and MIL-
STD-883 Class B grade devices

Easy migration 1o XC2300 se:tes of HardWire mask-
programmed devices for high-volume production

Description

XC3000 is the original family of devices in the XC3000
class of Field Programmable Gate Array (FPGA) architec-
tures, The XC3000 family has a proven track record in
addressing a wide range of design applications, including
general logic replacement and sub-systems integration
For a thorough description of the XC3000 architeciure see
the preceding pages of this data book.

The XC3000 Family covers a rznge of nominal device
gensiies f1om 2,000 10 9,000 gates. practically achievable
denstties from 1,000 to 6,000 gales. Device speeos.
descrided in terms of maximum guatanieed togale fre-
quencies, range from 7010 125 MHz. The perlormance ¢!
a completed design depends upon placemen: and rouling
implementation, so, like with any gate array, the {ina’
verification of device utilization and peormance can only
be known atler the desian has been placed and routed

Use: L'Os Hoilzotdis: Cu..agureiion
Cevice Cibs Array Max Flip-Flops Longlinee Daiz Bits
XC3020 64 Ex8 64 256 16 J4.77¢
»3030 100 10x10 80 360 20 22,176
yC3042 144 12212 9 480 24 30,784
XC 3064 224 16 x 14 120 688 28 46,064
xC3090 320 165> 20 144 928 40 64,160




XC3000 Logic Cell Array Family

Xilinx maintains test specifications for each product as controlled documents. To insure the use of the most recently
released device performance paramelers, please request a copy of the current test-specification revision,

Absolute Maximum Ratings

'Symbol; Description - : Units};

; Vec I Supply voliage telative 10 GND ~0.510+7.0 . \Y }
Vin input voltage with respect to GND -0.510 V¢ +0.5 \Y !
Vig | Voltage apphed to 3-state output -0.510 VCC +0.5 ; \% f
Ts1g | Storage temperature (ambient) . -€5 10 +150 ' *C :

. Teo. ' Maximum soldering temperature (10 s € 1/16 in.) 4 +260 “C

i ! Junchion temperature plastic +125 C

L 1
{ v Junction temperature ceramic +150 , *C :
- ;

Note  Siresses beyonc those hstet under Absolute Maximum Ralings may cause permanent damage to the device
These are stiess ralings only, and funclional opetation of the device at these ot any other condmons beyond
those histed unoer Recommended Operating Conditions is not imphed. Exposure 1o Absolute Maximum
Ratings condmons for extended penods of tme may aflect device tehability

Operating Conditions

Symbol : Description Min Max iUnils'
Vee | Supply voliage relative 1o GND  Commercial  0°C 10 470°C. 475 | 525 | V |
Supply voliage relative 1o GND  Indusinial  —40°C 1o +85°C 4.5 55 I v i
! Vi | Higheievel mput voltage ~ TTL configuration - '.q{_.(‘- b ovee i vV i
Vis Low-level input voltage — TTL configuration 0 6.8 \ l
Ve }-ingh.-level input voliage — CMOS  conhiguration 70% 100% | Vec E

B Ve ! Low-levet nput vonage»— CMOS configuration 0 20% | Vee 5 -
Tie i Input signa! transition time ) 250 ns !




XC3000 Logic Cell Array Family

CLB Switching Characleristic Guidelines

CLs OUTPUT (X.Y)
(COMBINATORIAL)

CLB INPUT {£.8.C.D.E) >[
b @ Ta——o-o-

@ Tem—=

CLB CLOCK % *

—6% @ o
(;\ Tenpy ——

@ o
CLE INPUT
{OIRECT IN) h

X {©) Teoon —- 3,

;
CLE N1 ] J
(ENaE E CLOCTKS » ]
T —
Pl ——
CBEOUTPN }
G LI LOPy
CLB INFLI J ¢
{RESET DIRLCT) |
e @t

]

Ol

LB OUTPUT /
(FLIP-FLOP) \
"o,
Buffer (Internal) Switching Characteristic Guidelines
' 1 { e
Speed Grade -70 I 100 I -125  |Units
1 |
l[ Cecienplion : Symboi Max Max ' Max
Global end Alternate Clock Distribution® E
Enther: Normal I0B input pad through clock butier
10 any.CLB or 108 clock input Teo 8.0 7.5 7.0 ns
Or:  Fast (CMOS only) input pad through clock '
butter 10 any CLB or 108 clock input _ Tepe 6.5 | 6.0 i 57 ns
TBUF dnving a Horizontal Longhine (L.L.)°
1o L.L. while T.is Low (butler active) To 5.0 4.7 45 ns
T! to L.L. active and vald with singie pull-up resistor Ton 11.0 10.0 9.0 ns
Td 1o L.L. active and valid with parr of pull-up resistors Ton 12.0 11.0 10.0 ns
71 10 L.L. High wnh single pull-up resistor Teyus 24.0 220 17.0 ns
T7 1o L.L. High with pair of pull-up resistors Teur 17.0 ¢y 150 L 120 ns
} -
T i
BIDI {
l Biduectiona! butfer delay Tomn 2.0 1.8 i 1.7 ns

* Twning 15 based on the XC3042, for other devices see XACT timing calcutator.




CLB Switching Characteristic Guidelines (continued)

Testing of the swilching parameters is modeled afier testing methods specied by MIL-M-38510/605. All devices are 100%
funchonally tested. Since many interma! iming parameters cannot be measured directly, they are derived from benchmark timing
panems. The foliowing guidehines rehect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-lo-date tming information, use the values provded by the XACT tming calculator and used in the simulator.

: Speed Grade -70 -100 -125
Description [ Symbol | Min| Max || Min | Max || Min | Max |Units
Combinatorial Delay
| Loo Variables A, B.C D.E 1o outputs X or ¥ 1{Tho 9.0 7.0 55! ns
¥ =
l Sequental delay | !
i Clock h 1o outputs X o Y & |Texo 6.0 5.0 45| ns |
Clock k 10 outpute X ¢ Y whe~ QO is returned .
through function generators F or G1lo dnve X or Y Too 13.0 {4 10.0 | 80| ns |
 Set-up time before clock K i { !
Lopic Vanabies AB.C.D.E 2 Tex 8.0 h 2.0 1 55 ns
Data In DI ¢ iTD.C.( 8.0 l 4.0 ! 30 ne |
Enable Clock EC 6 'T[cc“ 7.0 ‘ 5.0 ‘ 4.5 ns !
Reset Duectinactive  RD 1.0 1.0 i 1.0 ns
[ ! i
Hold Time atter clock K ’ 7 : I
Lourc Vanables £ Elelble BN 0 o 0 ns
Data In Di 51Texo | 4.0 2.0 I 15 ns
Enable Clock £C 7 1 Tenee | © 0 0 ns
Clock |
Clock High time Tew 5.0 4.0 3.0 ns |
Clock Low time 12 {Tey 5.0 4.0 3.0 ns |
Max fiip-fiop toggle 1ate Foax |70 100 125 MHzJ
Reset Direct (RD)
v RD width 13 { Trew 8.0 7.0 6.0 ns
gelay ncm rg to cutpule X i Y DS TR ! 8o | 7.6 ; 52! ns ;
b — s — e i —
l Giobal Reset (RESET Fad)* W
RESET width (Low) Turw |25.0 21.0 20.0 ns
' delay from RESET p&Z to outouts X ot Y Tumro 23.0 19.0 1701 ns

“Timing 15 based on the XC3042, 107 oiner devices see XACT uming calculator.

Note The CLE K to O outpus delay (Texo. £8) of any CLE. plus the shoriest possible interconnect delay, is atways longer than
the Data In hold tme tequirement (Texp:. #5) of any CLB on the same die.




XC3000 Logic Cefl Array Family

10B Switching Characteristic Guidelines

VO BLOCK (1)

VYO PAD INPUT

VO CLOCK
(/ON)

VO BLOCK (A1)

O BLOCY (O

VO PAD OUTHLY
{DIRELCT)

VO PAD OUTPUT
(RLGISTERLD:

@? 7?1.’.‘_“

VO PADL \ 72
: |
i — i
— r— Q) 11.'»0'- @ Trguz —= r—
|
VO PAD OUTPUS ( —>—
i
ver
o R IV TRCLID MBI Tt !
on 3 srang oanmn sitw | {eatsv 2 L
wevi 1 et a sturct | 4 men i ue
3 r1an 2 L\! »—
AT TiekRi 14 \ | [
oy I } >
on _QD—_ t o ourmn
A " ouTIER -
"or
’ 1 ¥O Pap
L
DRLCY
— 1
RIGSTLRLE ® c ¢ o <}
"e Me "
AR z
- P
LovOn Vet Seen € -
—1
1 +
i
o ! i- € ObAs RESET
__S._;“/ % | —— Y
)
- i -
PHOGAAL :
:D— comMAOLLL 3
SRR Ve il C' PROGAALBAMBLE STERCOME 110N POWT o P 0




&l

}OB Switching Characteristic Guidelines (continued)

Testing of the swilching parameters is modeled atier testing methods specified by MIL-M-38510/505. Al devices are 100%
functionally tested. Since many intemal iming parameters canno! be measured directly, they are derived from benchmark timing

A

patiems The following guidelnes teflect worsi-case values over the recommended operaling conditions. For more detailed. more

precise, anc more up-1o-date iming information, use the values provided by the XACT uming caiculator and used in the simulator.

i T
Speed Grade -70 L -100 <125 Units
i
Description Symbol Min | Max || Min { Max || Min | Max
1
Propagation Delays (input)
Pad to Direct In (1) ) 3 | Tep 6 4 3 ns
Pad 1o Registered In (Q) with laich transparent Teig 21 17 16 ns
I Clock (IK) 1o Registeted In () 4 | T 5.5 4 3] ns
]
¢ Set-up Time (Input) !
" Padtc Clock (iK) set-ug ime 1 Trick 20 17 16 ns
. —_ :
Fropaoation Delays (Output) ; | I i
Clock (OK) 10 Pad  (ast) ZoPaol: 13 i 0 9l ns
same (slew rate kmited) 74 Toxeo 33 ! 27 |! 24 | ns
Output (O)to Pad  (fast] Vg 2, g | 6 5 | one
same (slew-rate hmited) 10 | Tore 20 |! 23 2C ns
>-state to Pad begin hi-Z (tast) 9 | Tysuz 8 | 8 7 ne
. same B (slew-rate Iimited) 9 | Tiews 28 | 25 24 | ns
3-siate 10 Pad active and valid (fast) 8 Tyson 14 | 12 11 ns
same (slew -raie himited) B | Tyson 3% I 29 27| ns
. J f= ! }
Set-up and Hold Times (Output) i l
Output (O) 10 clock {OK) set-up time 5 | Toox 10 ! 9 8 ns
Output (O} 10 clock (OK} hoid hime I & | Toxo 0 0 0 ns
Clock
Clock High ime 11| Tion 5 4 3 ns
Cloch Low time 20 T 4B 4 bal ne
Max. f.p-tiop tuggie 1ate ! i Fo 70 1 100 | 125 MUy
Global Reset Delays (based on XC3042)
RESET Pad 10 Registered In (Q) 13 | Tan 25 24 231 ns
RESET Pad 10 output pad (tast) 151 Treo 35 33 29 ns
{slew-rate limited) } 15 | Treo 53 45 42 ns

HNotes

1

Ny

[\

Timing 1s measured al pin thieshold, with 5C pF eaternat capatitive l0ads fincl. test fixture). Fot larger capacitive loads,
see XAPP 024 Typwca! slew rate hmied output nsefiall imes are approximately four times longer.

Voltage levels of unused (bonded and unbonded) pads must be vahd logic levels. Each can be confipured with the
internal pull-up resistor or altematively configured as a driven oulput or daver. from an external source.

Inpul pad set-up ime 1s specified with respect to the internal clock (IK). In order 10 calculate sysiem set-up time, subtract
cioch delay (pad 1o IK) trom the input pad set-up time value. Input pad holdime with respect 10 the interna! clock (1K) 1s
negative, This means that pad level changes immediaiely before the intemal clock edge (IK) will not be recognized




XCI000 Logic Cell Array Family

For a detailed description of the device architecture, see pages 2-105 through 2-123.

For a detailed description of the configuration modes and their tming, see pages 2-124 through 2-132.
Fot detailed lists of package pin-outs, see pages 2-140 through 2-150.

For package physical dimensions and thermal datz, see Section 4.

Ordering Information

Example: XC3030-19PC44C

H
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XC4000
Logic Cell Array Family

Product Specifications

Fealures

* Thuc Generation Fielg-Programmable Gate Arrays

- Abungant fhp-flops

- Figxidle function generators

- On-ctap ultra-fast RAM

- Dedizzled high-speed carry-propagahon circuit

- Wioe edge decoders (four per e2c;

- Hietzrchy of interconnect hnes

- Internel 3-state bus capability

- Eig*: giodal low-shew clord ¢r signal distribution
e g

Fleribic Array Architecture

- Frogremimable tooic blocks ane VO blocks

- Propremmable interconnects ant wide gecoders

Sutemezron CMOS Process
- High-tpeed logic and interconnect
- Low power consompton

Systeme-Otiented Features

- IEEE +149 1-compatible bounoarv-scan logic support
Progrzmmable output siew rate (2 modes)

- Progrzmmable input puli-ug- o puh-down resistors

- 1z-mh sink current per output

~ 24-mA sink current pet output pair

.

Conhgured by Loading Binary File
- Unhmited teprogrammatulity
- Six programming modes

XaCT Development Sysiem rune on "3867466-type PC,
NEC PC. Apolio, Sun-4, and Hewileti-Packard 700
serigs

- Interlaces 10 popular desicn environments like

Viewlogic, Mentor Graphics and OrCAD

- Fully suiomatic parihoning, placement and routing
-= Interactive design edior Jor desipn optimization

~ 288 macros, 34 hatd macros. RAMROM compiler

Description

The XC4000 tamily of Field-Programmable Gate Arrays
(FPGAs) provides the benefils of cusiom CMOS VLS|,
while avoiding the intial cost, ime delay, and inherent nsk
of a conventiong! mezshed gate arnay.

The XC4000 t2mily provides 2 regular. flexible, piogram-
mable archiecture ¢* Configurable Logic Blocks (CLBs).
interconnecied by & pow erlul hierarchy of versatile routing
tesources. angd suriounded by a penmeter of program.
mable Input’Qutpu: Eincke (10Bs).

XCA000 devices hzve cenerous routing resources 10 ac-
commodale the mos: complex interconnect patierns They
are customized by loz 3ing conhiguration data into the inter-
nal memony cells, Trie FPGA can eitner actively read its
configuratior. cate cJi of external senal o byte-pataliel
PROM. (masler mooes,. of the configuration data can be
writien into the FPGA (slave and penpheral modes,).

The XC4002 family 1t supporiec by poweriul and sophisti-
caled sohware, covenng every aspect ol design. {rom
schematic eniry. 16 ¢ Mu.ahion, 10 automatk block place-
ment and routing of irterconnects, and finally the creation
of the configuration t. stream.

Since Xilinx FPGAs czn be reprogrammed an unfimited
number of imes. they can be used in innovative designs
whete hardware 1s chznged dynamucally, or whete hard-
wate musi be aganied <2 Sitle-ent user apnlicalions. FPGLE
are wea' for shnarmins the design ond Sovelepment cyuie,
but they also ofier & cusi-etfective solution for production
rates well beyond 10(-> systems pet month.

For a detailed descnpiion of the device features, architec-
ture, conhiguration methods and pin descriptions, see
pages 2-9 inrough 2-4%.

Table 1. The XC4000 Family of Fieid-Programmable Gale Arrays

Device

XC4003 XC4005 XC4a006 XCa008 XC2010M10D XC4013 XC4025
~rpr Gate Count 2.000 5.000 €.000 E.000 <( 000 13.000 25.000
LB Mat 1010 14214 1632 16 1618 2120 24 24 32x 32
*vomnder o! CLBs 100 196 256 3z4 223 576 1.024
*sumnder of Flip-Flops 360 616 768 €3¢ 5120 1.53¢ 2.560
L2y Decode 1nputs (pes sidet 30 42 a8 £z € 72 -1
Liey RAL Bre 2.200 6,272 €.192 10 368 12 500 16.432 32,768
f.umber of 1085 60 112 128 T12e° 180 192- 256

2.22010D hzs no RAM




XC4000 Logic Cell Array Family

Absolute Maximum Ratings

Symbol | Description Units
Vee Supply voltage relative 1o GND -0.5107.0 v
Vin Input voltage with 1especi to GND : -0.5107 l v
Vis ‘ Voltage applied 1o 3-state output l: -0.5107 Vv

. Ts16 \ Storage lemperature (ambient) ll -6510 + 150 “C
Tso ‘ Maximum soloenng iemperaiure (19 3 (’-‘_ 1780 = 1.5mm) 2 + 260 °C

Ll.l. \ Junction tempetature- + 150 ] °CJ

Nole  Swesses beyond those histed under Absolute Marimu— = 291gs May Cause permanent camage 10 the device
Thest 6rC sess 1ahings only, anc funchonal eeranc” - sne pevice at these or any other condiions beyonc
those listed undet Recommenoed Operanng Condio¢ £ NOL imphed Exposurc 1o Absolute Maximurm, Ralings

conditions for extended penods of ume may affect oe. o< reliabihity
Opetating Concitions

%;ymbol |l Descri'ption 1; Min Max ]} Units
! Vce I Supply vollage relative 10 GND Commer< = 0°C 10 70:C \ 4.75 |' 525 \
! !
g 5 Supply volizge relative 1o GND Industne’ -40C 10 85'C : 4.5 i 55 : \Y
% Supply voliage relatve 1o GND Military -585C 10 125°C E 4.5 ; 55 \Y
Vin l High-level input voltage (XC4000 has TTL-1 ¢ input thresholds) i 2.0 | Veeo ; \
Vu ll Low-level input voltage (XC4000 has TTL-i.2 nput thresholds) % 0 0.8 ; \Y
Tin "l input signal transtion time 250 J ns
DC Characteristics Over Operating Conditions -

Symbol Description Min Max | Units
Vor High-level oulput voliage @ lon= =4.0 mA Vco min 2.4 A
Vou Lov-level output voltage € lou = 12.0 mé Vo2 max {Note 1) 0.4 A
I'cco Quiescent LCA supply cuttent (Note 2) . 10 mA
e ‘l Leakage current -10 +10 WA
Cm i input capacitance (sample tested) | ! 15 pF
lam “ Pad pull-up {(when selected) € Vin = DV (szmple tesied) \ 0.02 0.25; mA

"l R Horizontal Long Line pull-up (when selecte ! ¢ Jogic Low l 0.2 2.5 . mA

Note. 1 With 50% of the outpuls simultaneously sinking 12 ™.~

2. With no output cutrent loads, no ative mnput or fong =% pull-up resistors, ali package pins at V. of GND. and

the LCA configured with 3 MaheBils e option




vide Decoder Switching Characteristic Guidelines

7 ecting Of the swiiching parameters is modeled aher testing metnods specified by MIL-M-38510/605. All devices ate 100%
tunctionally tested Since many intema! bmung paramelers canno! be measured directly, they are derived from benchmark tming
patterns The lollowing gudelines refiect worsi<case values ovet the lecommended opetrating conditions. For more detailed. more
precise, and more up-fo-cale timing information, use the valuet provioed by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 -4 5
Description Symbol |  Device Max Max Max | Units
Full length, beth pull-ups, Twas i XCa003 9.0 8.0 5.0 ! ns
inputs from 10B |-pins ! ¥C4005 10.0 Q.0 6.0 | ns

| xcao08 11.0 10.0 70 | ns
| XCa008 12.0 1.0 80 | ns
I XC4010 13.0 12.0 0 ! ns |
| i XCe013 15.0 190 1 10 oms
F ol length. both pul-ups T — ) LC40% 12.0 1m0 |! 70 ' ome
nputs from intemnal logic %C4005 13.0 12.0 80 . ng
E #C4V0E 14.0 130 g0 1 ons |
: ' )CA00¢ 15.0 120 ' w00 | ne !
3 | XC4010 ‘160 |3 150 l 110 ! ons |
! i XCe013 i 180 17.0 i 130  ne |
Hall lengih, one put-ug. FTweg, ) | xC4D0s ) 80 || 60  ne |
mputs from 10B I-ping g D XCa005 10.0 90 |1 70 1 ne |
; ' XCepoe 110 |10 Il B0 4 ome
! ' XC40U8 P 120 11.0 9.0 ! ns
i xCa010 | 130 12.0 100 | ne
) ? {CAa013 15.0 2.14.0 120 | ns
Hall length, one pull-uz. PPN inieasauss 12.0 11.0 80 | ns
nputs from internal logic | i XCa005 13.0 12.0 9.0 ns
' | | XC4006 14.0 13.0° 10.0 ns
! . XC4O00E | 150 14.0 110 | ns
\ | xCa0t0 | 160 15.0 120 | ns
) , L XCa02 L s R R

Nule Tnesc oetays are specihed from the decoder input 1o the oecodet output, Foi pin-to-pin delays, add the inpul delay (Teiz)
and,output oelay (Toer 0f Topsl. 85 listed on page 2-52Z.




XC4000 Logic Cell Array Family

Globa: Buffer Switching Characteristic Guidelines

Testing ¢’ the swilching parameters 1s modeled atier tesling methods specified by MIL-M-38510/605. All devices are 100%
1unc|»c;r.:-.€=_v tested. Since many intlemal timing parameters cannot be measured diectly, they are Genved from benchmark timing
patiems The lollowing guidelines refiect worsi-case values over the recommended operating condiions. For more detailed, more
precise &nd mofe up-10-date iming information, use the values provided by the XACT timmg calculalor and used in the simulator

Speed Grade -6 -5 1 I -4
Description Symbol Device Max Max . Max | Units
Giloba! Signal Distribution ’ '
Fre— pa throuph primary butier, 10 any clock K Teg XC4003 7.8 5e 51 ns
XC4005 8.0 6.0 5.t ng
! XC400¢ 8.2 €.2 [ 57 ng
i XCa008 8.6 6€ 6.1 ne
i XC4010 °.0 7.0 6.5 ne
! I XC4013 10.0 £.0 7.5 ns
I Fri= rez twough secondary butler, 1o any cioch K l Teo XC4003 £8 66 €2 ns
' XC4005 9.0 7.0 6.7 ng
XC400¢ 0.2 72 | b ns
XCa008 0.6 76 | TE |0 ns
| XxCa010 | 1.0 |3 €0 11 73 ns
‘ i oxcamiz | 1o || g0 | €7 ne
Horizental Longline Switching Characteristic Guidelines
Testr 2 1° 1% swiiching patamelers 1s mogeled afier leshing methoos specihied by MIL-M-38510/605. All devices are 100%
funci 2 :7, testec Since mznvinteinal iming paramelers cannot be measured drectly, they are denved from benchmatk fiming

patie~+ Tne lollowing puidehnes rellect worst-case values over the recommended operaling conditions. For more detaned, more
precise &0 more up-io-date iminganiormanon, use the values provided by the XACT timing calculator and used in the simulator

Speed Grade I % -5 4 |
| _Description ! Symbol Device Max Max Max | Units
TBUF cnung a Honzonta! Longhne (L.L.) A AR XC4003 ts 62 || 4« ns
Iez =g High or Low tc L.L poing High or Low, XC4005 10.0 7.0 55 ns
wh ¢ Tig Low, 1e. butler is constantly active XC4006 10.6 7.5 6.0 ns
N XC4008 11.1 8.0 6.5 ne
XC4010 1.7 8.5 7.0 ns
XC4013 13.0 a5 | 7.8 ns
To: XC4003 03 67 |, 50 | ns
! : - XC2005 10.5 75 |, €0 | ns
i | XC4000 1. eo Il 65 | ns
XC4008 1.6 8.5 7.0 ns
- . XC4010 12.2 2.0 75 ns
XC4013 1358 10.0 8.0 ns
T goinglowto LL gong from resistive pull-up or Ton XC4003 10.7 e.0 7.2 ns
f Hich 10 active Low, (TBUF conhguied as XC4005 12.0 10.0 8.0 ns
ons " Ciam of active bulter with | = Low) XC4006 12.6 10.5 8.5 ns
) i XCa008 13.2 11.0- °0 { s
XC4010 13.8 1.5 9.5 ns
XCa013 | 151 12.6 11.1 ns
T g1ng High to TBUF gaing inachive, not duving L.L. Torr | Alldevices 3.0 2.0 1.6 ns °

T grmzhughito L L going from Low 1o High, Teus XC4003 24.0 26.0 14.0 ns
Fe #C upx by a single resistor XC4005 26.0 22.0 1€.0 ns
XC4008 28.0 240 1€.0 ns
XC4008 30.0 26.0 |i 20.0 ns
xCe010 | 320 |l 260 || 220 | ns
XC4013 360 320 |} 260 | ns
T oz Highto L.L. going from Low 1o High, Teus xC4a003 1.6 €0 || 70 ns
£ &2 up by two resistors XC4005 120 ji10c [} 80 ns
XC4006 13.0 ne ;90 ns
- - XC4008 14.0 120 || 100 | ns
XC4010 15.0 13.0 1.0 ns

XC4013 17.0 || 150 l 130 | ns |




Guzranteed Input and Output Parameters (Pin-10-Pin)

All values listed below are lested directly, and guaranieed over the operating conditions. The same parameters can also be derived
ndirectly from the 10B and Global Butfer specifications. The XACT delay calculator uses this indirect method. When there is &
disgrepancy between these two methods, the vatues hsted below should be used, and the derived values must be ignored.

Speed Grade -6 -5 "4
. Description Symbol Device | Units
Global Clock 1o Output (fast) using OFF Ticxor XC4003 151 {| 12.6 116 | ns
N XCa005 15.5 13.0 12.0 ns
Teg OFF . XC4006 157 11 13.2 12.2 ns
o— > N : (Max) XC4008 6.1 | 13.6 126 | ns
Global Clocs t0-Outons; Detry s XC4010 16.5 14.0 13.0 ns
; e %C4013 17.5 || 15.0 14.0 | ns
Giobal Cloch 1o Output (slew imited) using OFF Tieko XC4003 189 152 || 144 ns
™~ XC4005 205 || 16.0 | 50 | ns
Teg orf XC4006 20.7 1€.2 I 15.2 ns
ot > : : | (vax) | XCa008 | 211 ]} 166 i1 156 1 ns
Gl Ce s -K-Ontznst ey i XC4010 21.5 17.0 16.0 ns
o ! XC4013 22511180 |' 17.0 | ns
Input Set-up Time, using IFF (fast) | Tosur XC4003 2.4 20 | ,ﬁ 1.6 | ns
XC4005 20| 1.5 1.2 | ns
NavdLagy § kg E XC4006 W6l 13| I
b (Min) XC4008 1.4 0.9 l 0.6 | ns
Mok b

w oM g | XC4010 10|l 05 | 02| ns
X | XCa013 0.5 0 ' 0 ns
Input Hotd time, using IFF (tast) VAR bl XC4003 5.1 40 | 40 | ns
! XC4005 5511 45 45 | ns
L U R ] XC4006 570l a7 | 47| ns

s :
ol . i (Min) XC4008 6.1 5.1 51 | ns
T 2 XC4010 65| 55 55 | ns
. 2301 XCa013 7.5 6.5 6.5 ns
input Set-up Time, using IFF (with delay) Tosu XC4003 215 (| 185 120 | ns
] XC4005 21.0 || 18.0 120 | ns
e 1D T Ner xc4006 | 208|178 || 120 | ns
on | Db - {Min) XC4006 204 || 174 120 1 ns
e 1_; XC4010 200 || 17.0 120 | ns
xa . XC4013 19.0 || 16.0 12.0 | ns
Input Hold Time, using IFF (with delay) Ton XC4003 0 0 0 ns
L XC4005 0 0 0 ns
%1 S oy | xceos | ol o |0 | me
Hoig S 12} ns
Time l XC4010 0 0 0 ns
xap XC4013 0 0 0 ns

“rng e measured at pin threshold, with 50 pF extemal capacitive loads (incl. test fixture). When testing f2st outputs. only one

* thut switches. When testing slew-rate hmited outputs, half the number of outputs on one side of the device are switching. These
i »tameler values ate tesied and guaranteed for worst-case condiions of supply voltage and lemperature, and also with the most
< Waverable clock polanty chowe.

Tppi for -4 Speed Grade Teickp for <4 Speed Grade
Pagio 11,12 XC4003 17.6ns input set-up time  XC4002 156 ns
via transparent XC4005 17.9ns pad o clock (IK) XC4005 156 ns
latch, with detay  XC4006 18.0ns with delay XC4006 16.0 ns

XC4008 1B8.3ns XC4008 163 ns
XC4010 18.6 ns XC4010 16.€ ns
XC4013 19.3ns XC4013 17.3ns

xs282




XC4000 Logic Cell Array Family

108 Switching Characteristic Guidelines

Testing of the swilching parameters 1s modeled ahe: testing methods specifiec by MIL-M-38510/605. All devices are 100%
funcuonally tested. Since many intemal iming parameters cannot be measured directly, they are derved from benchmank timing
penems. The following guidelines reflect worst-case values over the recommended operating conditons. For more detailec, more
prezise, and more up-10-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade 6 -5 ]1 -4
Description l Symbol | Min | Max|| Min [Max | |Min |Max| Units
Input
Fropagation Delays
Padio 11,12 Ted 4.0 3.0 2.8 ns
Pad to 11, 12, via transparent latch (fast) Teu 8.0 7.0 6.0 ns
Fad 1o 11, 12. via transparent latch (with delay) Tepu 26.0 24.0 - ns
Clock (1K) 1011, 12, ({lip-flop) Tixri 8.0 7.0 6.0 ns
Cloch (IK) 10 11, 12 (laich enable, active Low) Tt 8.0 7.0 60 | ns
Set-up Time (Note 3)
Pad to Clock (IK). fas! Tpick 7.0 6.0 4.0 ns
Pad 10 Clock (1K) with delay J Teicko 25.0 2 24.0 - ns
=2old Time (Note 3)
Pad 1o Clock (IK), tast Tips 1.0 1.0 1.0 ns
Pad 10 Clock (IK) with delay Tiken neg neg neg ns
Qutput
Fropagation Delays
Ciock (OK) 10 Pad {fast) T orpor 7.5 7.0 €5} ns
same (slew rate limiled) Tokros 11.5 10.0 25! ns
Output (O) to Pad (fast) Toes 9.0 7.0 55| ns
same (slew-rate himited) Tops 13.0 10.0 85| ns
3-state 10 Pad begin hi-Z (slew-rate independent) RETIV 9.0 7.0 6.5 ns
3-slate 10 Pad aclive and vahd (fast} T1sonr 13.0 10.0 65! ns
same (slew -rate fimited) Trsons 17.0 13.0 125 ns
Set-up and Hold Times
a0 jo clock {OK) set-ur time Toox B.0 6.0 5.5 ! ns
Cuiru (&) 10 Liock (TK) hind wme l Toun I 9 11 0 0 ns |
Clock
Clock High or Low time TenTet 5.0 4.0 4.0 ns
Global Set/Reset ) )
Delay {romi GSR net through Q10 11, 12 Tan 14.5 13.5 13.5{ ns
Delay {rom GSR nel to Pad Taro 1804 17.0 14.0| ns
GSR width® Tmrw 21.0 18.0 18.0 ns

* Timing 15 based on the XC4005. For other devices see XACT timing calculator.
' See preceding page

TS
I3

tes

1 Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). Slew rate limited output

nsefall tmes are approximately two fimes tonger than fast output rise/iall imes. A maximum total external capacitive
load for simultaneous fast mode swilching in the same direction is 200 pF per power/ground pin pair, For slew-
rate limited oulputs this total is two times larger. Exceeding this maximum capacitive load can result in ground
bounce of >1.5 YV ampliude, <5 ns duration, which might cause problems when the LCA drives clocks and other
ssynchronous signals.

Voliage levels ol unused (bonded and unbonded) pads must be vald logic levels  Each can be configured with the
internal puli-up or pull-down resistor or altematively configured as a dnven output o1 be driven from an externa!l source.

2 Input pad selup imés and hold mes are $pecilied with réspect 1o the internal clock (IK). To Calculaté system setup time,

subtract clock delay (clock pad 10 IK) trom: the specilied input pad setup hme value, but do not subtract below zero.
Negalive hold ime means that the delay in the input cata is adequale for the external system hold time 10 be 2ero,
provioed the input cloch uses the Globa! signal distiibution from pad 10 IK.
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CcLB Switching Characteristic Guidelines

Testing of the switching paramelers is modeled atter testing methods specified by MIL-M-38510/605. All devices are 100%
tncnonally tested Since many intemnal sming parameters cannot be measured directly, they are derived from benchmark timing
pafiems. The foliowing guidelines reflect worst-case values over the recommended operating conditions For more detailed. more
ecise, and more up-to-date iming information, use the values provided by the XACT nming calkcutalor and used in the simulztor.

. ] i

Speed Grade | -6 -5 ~4 I
Description | symbol | Min | Max |{ Min | Max || Min | Max' Units |
Copmbinaltorial Delays I :
F/G inputs 10 X/Y outputs Vo Teo 6.0 4.5 40" ns
FIG inputs via H' 10 X/Y outpuls i o 8.0 7.0 6.0 ns
C mputs via H 10 X7Y outputs ( oo 7.0 50 45 ns
CLB Fas! Carry Logic ‘ | {
Opetand mpute (F1,F2.G%.G4) 1o Cout ore 7.0 551 50 ng i
Add’Subtiact input (F3) 10 Cout N 8.0 6.0 |t 55 ne |
Iniialization inputs (F1.F 3) to Cous Nl v 6.0 201, 35 ne
C.. through function generators to X/Y outputs Leon LAY 6.0 |! 58 ng
C,. 10 C, .. bypzss funchion generators T o l ; 20 l 1.5 ; REIE :
Seouential Delays ; : - i | !
Clock K to outputs O Texs 5.0 304! 3.0 ne !
e n H i 1
Sei-up Time belore Clock K i 1 ! | ; :
F/G inputs AYOY., 6.0 Y | 451 ne !
F/G inputs via H Tow | 80 ' 6.0 ! 6.0] ne |
C inputs via H1 TS N0 i 50 I 5.0 ne
C inputs via DIN 2. 4.0 ' 3.0 i 3.0, ne !
Cinputs via EC Tecex | 70 4.0 1 3.0 ns ‘
C inputs via S/R, going Low (inactive) e of 6.0 4.5 1 4.0, ne i
C,. input via F/G* Teen 8.0 6.0 Es! neg
C,vinput via F/G’ and H 3530.74300 7.5 7.3 ns |
PRp— had l
Holc Time atier Glock K ! ; ' |
£1G inputs T, c e ;. C ne |
FiG irputs via H 'Y AL D 0 1o ne
C mputs via H1 L P . © 0 0 ns |
C inputs via DIN I 0 0 0 ns l
C inputs via EC d thxrc 0 - 0 004 - - ne
C nputs via S/R, going Low (inactive) ; Tewn | O i 0 i 0 ne
Clock !
Ciock High time . Ten 5.0 4.5 4.5 ne
Clock Low time . cu 5.0 4.5 4.5 ne
Set'Reset Direct : e
Width (High) Teow 50 i 4.0 4.0 ne
Delay from C inputs viz S/R, going High 1o O RI0 180 8.0 : 7.0 ns
|
Master Set/Reset” 1
Widih (High or Low) b Taew 210 18.0 18.0 ns
Detay from Gioba! Set/Rese! net 10 O o Toro 33.0 31.0 280 ns

Timing 15 based on the XC4005. For other devices see XACT tming caiculator.




XC4000 Logic Cell Array Family

CLB Switching Characteristic Guidelines (continued)

Testng of the swilching parameters is modeled aher testing methods specified by MIL-M-38510/605. All devices are $00%
functonally tested. Since many intemal hming parameters cannot be measured directly, they are derived from benchmark timing

patiems. The following guidelines refiect worsi-case values over the tecommended operating conditions. For more detailed, more
precrse, anc more up-1o-dale timing informatior, use the values provided by the XACT tming calculator and usedin the simulator,

CLB RAM Option Speed Grade % -5 -4
Description Symbol Min {Max || Min [Max |[Min | Max |Units
1
Write Operation '
Address write cycle time | 16x2 Twc 9.0 8.0 8.0 ns
Pa2x1 | T, | 90 8.0 8.0 ns
Write Enable pulse width (High) "6x2 | T, 5.0 4.0 4.0 ns
, 32x1 Tover 5.0 4.0 4.0 ns
Address set-up time before beginning of WE ~ * 16x2 | T, 20 2.0 2.0 ns
32x1 NS 2.0 2.0 2.0 ns
Address hold time atier end o! WE 1€ x2 P | 2.0 2.0 2.0 ns
32 x1 T | 20 2.0 2. ns
DIN sei-up time before end of WE 16x2 Tpg 4.0 4.0 4.0 ns
32x 1 F T 5.0 5.0 5.0, ns
DIN hold tme atier end of WE poth 1 To, 2. | 2.0 2.0 ns
)
. Read Operation !
! Address read cycle time 16x2 | L 7.0 55 5.0 ns
i B W RO 7.5 7.0 ns
; Data valid atter addiess change X2 LT 6.0 4.5 4.0| ns
! (no Write Enable) 32x1 | T'HO 8.0 7.0 6.0, ns
! ]
Reac Operation, Clocking Data into Fhip-Flop '
Addiess setup time before clock K 16 x2 T.Cx 6.0 4.5 4.5 ns
i 32x1 Tex 80 6.0 6.0 ns
Read During Write { !
Data vahd atier WE going active ] Memdn | (15,1 I 12.0 10.0 9.0| ns
(DIN stable betore WE) f32x1 | T, l 15.0 12.0 11.0{ ns
Data valid atte; DIN i 16 x 2 e | 11.0 9.0 B.5) ns
| {DIN change ouring WE) | 32x1 | Too : 14.0 11.0 11.0] ns
i '
é Read Dunnz vz, Sischiny Deta iio Flip-Fiop . !
. WE setup tme before clock K ‘ WEx2 Twcx i 12.0 10.0 8.5 ns
{1 32x1 Twexr §15.0 12.0 11.5 ns
Data setup time belore cloch K 16x2 Tocx 1110 9.0 9.0 ns
32x1 | Tolq |140 11.0 1.0 ns

Note Timing for the 1€ » 1 RAM. option 15 identica! 10 16 » 2 RAM tming




CLB RAM Timing Characteristics
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XCA4000A Logic Cell Array Family
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-- Project Digital Alarmminute Clock

-- By Mr.Surachet Sripolkrang 35103255

-- Modcl clock top level of design

- Implementation on FPGA XC4004APC84C-6

LIBRARY synth;
USE synth.stdsynth.ALL;
ENTITY Clock is

PORT (
SIGNAL reset <IN vibit;
SIGNAL clk_60hz < IN vibit;

SIGNAL  Alarmminutc_off_sw : IN vibit;

SIGNAL dispalarm 2IN vibit;
SIGNAL . dispsccond ¢ IN vibit;
SIGNAL  sclect12 24 . IN vibit;
SIGNAL  scthour 2 IN vibit;
SIGNAL  sctminute  IN vibit;
SIGNAL am,pm . OUT vibit;
SIGNAL dot_1hz . OUT vIbit;

SIGNAL Alarmminute_output : OUT vibit;

SIGNAL  seg0,segl < OUT vlbit_1d(6 downto 0);
SIGNAL  scg2,scg8 * T OUT vibit_1d(6 downto 0) );
END Clock;

ENTITY first of Clock is
.............. COMPONENT Dccalration

e ——

=e=s=emmmmmaneeem- divider block ——---cceemee —
COMPONENT Divider
PORT (
SIGNAL reset, up_enable, clk ! IN vibit;



SIGNAL cout -. OuT

END COMPONENT;

--------------- sccond block -—meeecememenceeeee

COMPONENT Second

PORT ( _

SIGNAL reset, up_cnable, clk :IN
SIGNAL cout :ouT
SIGNAL bcdout . ouT
SIGNAL sccendsctenable :IN
SlGNAi, scthour,sctminute JIN
SIGNAL resctout . OuT

END COMPONENT,;

E———— ] 1 V) (1Y Y

COMPONENT Time
PORT (
SIGNAL resct, up_enable, clk_input :IN

SIGNAL clk_1sce,clk_60hz :IN
SIGNAL scthour,sctminute :IN
SIGNAL timesctenable :IN
SIGNAL timeminute .ourT
SIGNAL timehiour : OUF
SIGNAL timeam,timepm . OuUT
SIGNAL sccondreset .. . IN
END COMPONENT:

------------ control block ——---—oeemeeee—ro
COMPONENT Control
PORT (
SIGNAL comp_input,Alarmminute_off_sw
SIGNAL resct

SIGNAL Alarmminute_output

vibit),

vibit;
vibit;
vibit_1d(6 downto 0);
vibit;
vibit;

vibit ),

vibit;
vibit;
vibit;
vibit;
vibit_1d(5 downto 0);
vibit_1d(5 downto 0);
vibit;

vibit );

IN vibit;
dN vibit;
:OUT vibit);



END COMPONENT;

mmmmececeves comparator

COMPONENT Comparator

PORT (
SIGNAL timeminute : IN v]bit_1d(56 downto O);
SIGNAL Alarmminute : IN vibit_1d(5 downto 0);
SIGNAL alarmhour,timchour : IN vibit_1d(5 downto 0);
SIGNAL timcam,timepm . IN vibit;
SIGNAL alarmam,alarmpm . IN vIbit;
SIGNAL resct,dk . IN  vibit;
SIGNAL comp OUT : OUT vibit );

END COMPONENT;
---------------- Alarmminute COMPONENT -oeremecmmccceeenn
COMPONENT Alarmminute

PORT (
SIGNAL reset, up_enable VIN vibit,
SIGNAL Alarmminute : OUT  vibit_1d(5 downto 0);
SIGNAL alarmhour :OUT  vibit_1d(5 downto 0);
SIGNAL scthour,setminute :IN vibit;
SIGNAL clk_1sec,ctk 60hz IN vibit;
SIGNAL alarmsctenable JIN. vibit;
SIGNAL alarmam,alarmpm :OUT  vibit
)
END COMPONENT,
----------- muxtiplexer COMPONENT -----ecceeeeee
COMPONENT Dividerl
PORT (
SIGNAL dispatarm . IN vibit;
SIGNAL sclect12_24 T IN vibit;

SIGNAL alarmam,alarmpm - IN vibit;



SIGNAL timeam,timepm "~ :IN vibig;

SIGNAL timeminute . IN vibit_1d(5 downto 0);
SIGNAL Alarmminute ~ {IN vibit_1d(5 downto 0);
SIGNAL timchour,alarmhour . IN vibit_1d(5 downto 0);

SIGNAL timesctenable,alarmsctenable,secondsctenable; OUT vibit;

SIGNAL bcddigitO,beddigitl : OUT vibit_1d(8 downto 0);
SIGNAL bcddigit2,beddigits . OUT vibit_1d(3 downto 0),
SIGNAL am,pm . OUT vibit;
SIGNAL dispsecond . IN vibit; .
SIGNAL timesecond  IN vibit_1d(5 downto 0)

)

END COMPONENT;

eomececeeeeaea— segment decoder —----v—-oeomoeee-. ——

COMPONENT Dividerd
PORT (
SIGNAL bed N
SIGNAL seg : OUT

END COMPONENT;

COMPONENT Dividers
PORT (
SIGNAL bcd :IN vibit_14(8 downto 0);
_ SIGNAL scg > OUT  vibit_1d(6 downto 0)
)
END COMPONENT;

ereeemmemeen— SIGNAL declaration -----ce-ceeeeeeeee-

SIGNAL  pullup . vibit;
SIGNAL twmplhz . vibit,
SIGNAL  tmplminute : vibit;

SIGNAL  bustimeminute : vibit_1d(5 downto 0);

vibit_1d(3 downto 0);

vibit_1d(6 downto 0) ),



SIGNAL  bustimchour : vibit_1d(5 downto 0);

SIGNAL  bussethour 2 vibit;
SIGNAL  bussctminute . vibit;
SIGNAL  bustimesct . vibit;
SIGNAL  busalarmset . vibit;
SIGNAL  bussecondsct : vibit;
SIGNAL  bustimeam . vibit;
SIGNAL  bustimepm : vibit;
SIGNAL  bussclcct1224 . vibit;

SIGNAL  busalarmminute : vibit_1d(5 downto 0);

SIGNAL  busalarmhour : vibit_1d(5 downto 0);
SIGNAL  busalarmam : vibit;
SIGNAL  busalarmpm . vibit;

SIGNAL  bussecond

SIGNAL  busresctout

SIGNAL  buscomp

SIGNAL  busB0hz

SIGNAL  bcddO
L

SIGNAL  bcddl

SIGNAL  bcdd2

SIGNAL  bcdd3

BEGIN
pullup
dot_lhz
busscthour
bussetminute
bus6Ohz
bussclect1224

blocksl:Divider

- vibit_1d(5 downto 0);
: vibit;
. vibit;
. vibit;
: vibit_1d(3 downto 0);
. vIbit_1d(8 downto 0);
: vibit_1d(3 downto 0);

. vibit_1d(3 downto 0);

<='1";

<= tmplhz,
<= scthour;
<= setminute;
<= clk_60hz;

<= sclect12_24;



PORT map ( reset
up_enable
clk
cout
%
blocks2:Second
PORT map ( resct
up_enable
clk

cout

bedout

=> reset,

=> pullup,
=> bus60hz,
=> tmplhz

=> reset,
=> pullup,

=> tmplhz,

=> tmplminute,

=> bussccond,

sccondsetenable => bussccondset,

scthour => busscthour,

sctminute

=> bussetminute,

resctout => busresctout ),

blocksS : Time
PORT map ( resct
up_cnable
clk_input
clk_1sec
clk_60hz
sethour
sctminute
timesctenable
timeminute
timehour
timcam
timepm
secondreset

blocks4:Alarmminute

=> reset,

=> pullup,

=> tmplminute,
=> tmplhz,

=> bus80hz,

=> bussethour,

=> bussctminute,

=> bustimeset,

=> bustimeminute,
=> bustimehour,
=> bustimeam,

=> bustimepm,

=> busresetout )



PORT map (

blocks5:Comparator

PORT map (

blocks6.Control

PORT map (

reset => reset,

up_enable => pullup,

Alarmminute => busalarmminute,

alarmhour => busalarmhour,
sethour => busscthour,
sctminute => bussctminute,
ok _Isec =>tmplhz,
dk_60hz => bus60hz,
alarmsctcnable  => busalarmset,
alarmam => busalarmam,
alarmpm => busalarmpm

timeminute

=> bustimeminute,

Alarmminute => busalarmminute,

alarmhour => busalarmhour,

timchour => bustimchour,

timecam => bustimeam,

timepm => bustimepm,

alarmam => busalarmam,

alarmpm => busalarmpm,

resct = rest, )

ok => bus60hz,

comp_OUT = buscomg )
comp_input => buscomp,

Alarmminute_off_sw

reset

=> Alarmminute_off_sw,

=> reset,



Alarmminute_output

blocks7:Multiplexer
PORT map (

dispalarm
select12 24
alarmam
alarmpm
timeam
timepm
timeminute
Alarmminute
timchour
alarmhour
timesctenable
alarmsctenable
sccondsetenable
beddigit0
beddigitl
beddigit2
beddigits
am
pm
dispsecond
timesecond
-

blocks8:Segmentl

PORT map ( bed

blocks9:Segmentl

PORT map ( bed

=> Alarmminute_output

=> dispalarm,

= busselect1224,
=> busalarmam,
> busalarmpm,
=> bustimcam,

=> bustimepm,

=> bustimcminute,
=> busalarmminute,
=> bustimehour,
=> busalarmhour,
=> bustimeset,

=> busalarmset,
=> bussecondset,
=> beddo,

=> beddl,

=> bedd2,

=> bcdds,

=> am,

=> pm,

=> dispsccond,

=> bussecond

=> bcddO,

=> seg0),

=> beddl,

)



seg => segl);
blocks10:Segmentl
PORT map ( bed => bcdd2,
scg => seg2).
blocks11:Segment2
PORT map ( bed => bedds,
scg => scg3),

END first;



-~ Project Digital Alarmminute Clock
-- By Mr.Surachet Sripolkrang 85108255

-- Model clock top level of design

- Implementation on FPGA XC4004APC84C-6

LIBRARY synth;
USE synth.stdsynth.ALL;

ENTITY Second is

PORT (
SIGNAL reset, up_cnable, clk CIN
SIGNAL cout . OouT
SIGNAL bcedout :ouT
SIGNAL secondsctenable IN
SIGNAL scthour,sctminute :IN
SIGNAL resctout .ouT
END Second;

ARCHITECTURE first of Second s
constant trans_tbl : vlbit_2d(0 to 59, 11 downto 0 ) = (

- IN OUT .

3
v

B"000000_000001",
B"000001_000010",
B"000010_000011",
B"000011_000100",
B"000100_000101",

vibit;
vibit;
vibit_1d(5 downto 0);
vibit;
vibit;

vibit );



B''000101_000110",
B"000110_000111",
B"000111_001000",
B"001000_001001",
B"001001_001010",
B"001010_001011",
B"001011_001100",
B"001100_001101",
B"001101_001110",
B"001110_001111",
B"001111_010000",
B"010000_010001",
B"010001_010010",
B"010010 010011",
B"010011_010100",
B"010100_010101",
B"010101_010110",
B"010110_010111",
B"010111_011000",
B"011000_011001",
B"011001_011010",
B"011010_011011",
B"011011_011100",
B"011100_011101",
B"011101_011110",
B"011110_011111",
B"011111_100000",
B"100000_100001",
B"100001_100010",
B"100010_100011",



B"100011_100100",
B"100100_100101",
B"100101_100110",
B"100110_100111",
B"100111_101000",
B"101000_101001",
B"101001_101010",
B"101010_101011",
B"101011_101100",
B"101100_101101",
B"101101_101110",
B"101110_101111",
B"101111_110000",
B"110000_110001",
B"110001_110010",
B"110010_110011",
B"110011_110100",
B"110100_110101",
B"110101_110110",
B"110110_110111",
B"110111_111000",
B"111000_111001",
B"111001_111010",
B"111010_111011",
B"111011_000000" );

SIGNAL incz,muxz,bed
SIGNAL gate_resct . vibit;
SIGNAL gate_clk 2 vibit;

SIGNAL to_resctto_dk : vibit;

< vibit_1d(5 downto 0);



BEGIN
to_reset <= reset or gate_reset;
to_clk <= clk and gate_clk;
bedout <= l;cd:
PROCESS(secondsetenable,sethour,setminute)
BEGIN
IF (sccondsctenable = '1') THEN
IF (scthour = '0") THEN
IF (sctminute = '0') THEN
resctout <= "0’;
gate_reset <= '0';
gate_clk <="'1"
ELSIF (sctminute = '1') THEN
-- hold on
resctout <= '0";
gate_reset <= '0";
gate_cfk <="'0";
END IF;
ELSIF (scthour = '1') THEN
IF (sctminute = '0") THEN
- reset second
resctout <= '0°;
gate_reset <='1";
gatc_c-lk <=1
ELSIF (sctminute = '1') THEN
resctout <= '1";
gate_reset <='0",
gate_clk <="1",;
END IF;
END IF;



ELSIF (sccondsetenable = '0') THEN
resetout <= '0";
gate_reset <="'0";
gate_clk <='1%

END IF;

END PROCESS;
pla_table (bed, incz, trans_tbl);
muxz <= incz WHEN ('1' = up_enablc) ELSE
bed |
PROCESS
BEGIN
WAIT UNTIL prising(to_clk) or (to_reset = '1');
IF (to_resct = '1') THEN
cout <= '0",
ELSE
IF (inz = B"000000") THEN
cout <= '1";
ELSE
cout <="'0";
END IF;
END IF;
END PROCESS;

dffc_v (muxzto_resct, to_clk, bed);

END first;
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LIBRARY synth;
USE synth.stdsynth.ALL;

ENTITY Time is
PORT (

SIGNAL resct, up_cnable, dk_fnput

SIGNAL d‘k_lscc,clk_Bth
SIGNAL scthour,sctminute
SIGNAL timcsctenable
SIGNAL timeminute
SIGNAL timchour
SIGNAL timcam,timepm
SIGNAL sccondresct
)
END Time;
ARCHITECTURE first of Time is
COMPONENT—Timcminute
PORT (
SIGNAL reset, up_enable, dk
SIGNAL cout
SIGNAL bcdout

)

END COMPONENT;

- IN vibit;

. IN vibit,

- IN vibit;

- IN vibit;

: OUT vibit_1d(5 downto 0);
- OUT vibit_1d(5 downto 0);
: OUT vibit;

. IN vibit

. IN vibit;
: OUT vibit;

: OUT  vibit_1d(5 downto 0)



COMPONENT Timchour

PORT (
SIGNAL reset, up_enable, dk  : IN vibit;
SIGNAL bcdout : OUT  vibit_1d(5 downto 0);
SIGNAL am,pm . OUT  vibit );

END COMPONENT,

SIGNAL carrytohour . vibit;

SIGNAL busmin . vibit_1d(5 downto 0);

SIGNAL bushr : vibit_1d(5 downto 0);

SIGNAL gate_clk . vibit;

SIGNAL to_reset . vibit;

BEGIN

to_reset <= reset or sccondreset;
PROCESS(scthour,setminute,timesctenable,clk_1sec,clk_input,clk_60hz)
BEGIN
IF (timesctenable = '1') THEN
" TF (scfhour = '0") THEN
IF (setminute = '0") THEN
gate_clk <= clk_input;
ELSIF (sctminute = '1') THEN
gate_clk <=-clk_1sec;
END IF;
ELSIF (scthour = ‘1') THEN
IF (sctminute = '0') THEN
gate_clk <= clk_60hz;
ELSIF (setminutc = '1') THEN
gate_clk <= clk_60hz;
END IF;



END IF;
ELSIF (timesetenable = '0') THEN
gate_tlk <= clk_input;
END IF,
END PROCESS;

zz.Timeminute
PORT map (resct => to_reset,
up_cnable => up_enable,
clk => gate_clk,
cout => carrytochour,
bcdout => busmin);
xx:Timehour
PORT map (resct => to_resct,
up_cnable => up_cnable,
clk => carrytohour,
bedout => bushr,
am => timcam,
pm => timepm);
timeminute <= busmin;
timchour <= bushr;

END first;
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-=- Model clock top level of design

- ——— - —_ - - - ——— - - - -~

- Implementation on FPGA XC4004APC84C-6

LIBRARY synth;
USE synth.stdsynth.ALL;
ENTITY Timcminute is
PORT (
SIGNAL resct, up_enable, clk . IN
SIGNAL cout : OuT
SIGNAL bcdout . OuT
END Timcminutc;

ARCHITECTURE first of Timeminute is

vibit;
vibit;

vibit_1d(5 downte 0) );

constant trans_tb] : vibit_2d(0 to 69, 11 downto 0 ) = (

- IN our

3
+

B"000000_000001",
B"000001_000010",
B"000010_000011",
B"OOOOll_OOOlQp",
B"000100_000101",
B"000101_000110",
B"000110_000111",
B"000111_001000",
B"001000_001001",
B"001001_001010",

B"001010_001011",



B"001011_001100",
B"001100_001101",
B"001101_001110",
B"001110_001111",
B"001111_010000",
B"010000_010001",
B"010001_010010",
B"010010_010011",
B"010011_010100",
B"010100_010101",
B"010101_010110",
B"010110_010111",
B"010111_011000",
B"011000_011001",
B"011001 011010",
B"011010_011011",
B"011011_011100",
B"011100_011101",
B"011101_011110",
B"011110_011111",
B"011111_100000",
B"100000_100001",
B"100001_100010",
B"100010_100011",
B"100011_100100",
B"100100_100101",
B"100101_100110",
B"100110_100111",
B"100111_101000",

B"101000_101001",



)

B"101001_101010",
B"101010_101011",
B"101011_101100",
B"101100_101101",
B"101101_101110",
B"101110_101111",
B"101111_110000",
B"110000_110001",
B"110001_110010",
B"110010_110011",
B"110011_110100",
B""110100_110101",
B"110101_110110",
B"110110_110111",
B"110111_111000",
B"111000_111001",
B"111001_111010",
B"111010_111011",
B"111011_000000"

SIGNAL inzmuxz,bcd  : vibit_1d(5 downto 0);

BEGIN

bedout <= bed;

pla_table (bed, incz, trans_tbl);

muxz <= incz WHEN ('1' = up_enable) ELSE

bed ;
PROCESS
BEGIN
WAIT UNTIL prising(clk) or resct = '1';
IF reset = '1' THEN



cout <= "'0";
ELSE
IF (incz = B"000000") THEN
cout <= '1";
ELSE
cout <='0",
END IF;
END IF;
END PROCESS;
dffc_v (muxz, resct, clk, bed);
END first;



-- Project Digital Alarm Clock
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-= Model clock tep level of design

- Implementation on FPGA XC4004APC84C-6

LIBRARY synth;
USE synth.stdsynth.ALL;

ENTITY Timchour is
PORT (
SIGNAL reset, up_enable, dk D IN vibit;
SIGNAL bedout . ouT vibit_1d(5 downto 0);
SIGNAL am,pm ' . OuT vibit );

END Timchour;
ARCHITECTURE first of Timchour s
constant trans_tbl : vibit_2d4(0 to 23, 11 downto 0 ) = (

-- IN OUT

B"000000_000001",
B"000001_000010",
B"000010_000011",
B"000011_000100",
B"000100_000101",
B"000101_000110",
B"000110_000111",
B"000111_001000",
B"001000_001001",
B"001001_001010",
B"001010_001011",



B"001011_001100",

B"001100_001101",

B"001101_001110",

B"001110_001111",

B"001111_010000",

B"010000_010001",

B""010001_010010",

B"010010_010011",

B"010011_010100",

B"010100_010101",

B"010101_010110",

B"010110_010111",

B"010111_000000" )

SIGNAL incz, muxz,bcd ! vibit_1d (6§ downto 0);
BEGIN
bedout <= bed,
pla_table (bcd, incz, trans_tbl);
muxz <= incz WHEN ("1’ = up_enable) ELSE
bed.;
PROCESS
BEGIN

WAIT UNTIL prising(clk) or (reset = '1') ;

IF (resct = '1") THEN -
am <="'1", -
pm <="'0";

ELSE

IF (incz > B"001100") or (incz = B"001100") THEN
am <='0";
pm <='1"

ELSIF (incz < B"001100") or (incz = B"000000") THEN



am <="'1";
pm <= '0";
END IF;
END IF,
END PROCESS;
dffc_v (muxz, reset, clk, bed);
END first;



- - - - -

-~ Project Digital Alarm Clock
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~= Model clock top level of design

- Implementation on FPGA XC4004APC84C-6

LIBRARY synth;
USE synth.stdsynth.ALL;

ENTITY Controlalarm is

PORT (
SIGNAL comp_input,Alarmminute_ofl_sw - IN vibit,
SIGNAL resct <IN vibit;
SIGNAL Alarmminute_output . OUT vibit);

END Controlalarm;
ARCHITECTURE first of Controlalarm is
BEGIN
Alarmminute_output <= (not resct) and (comp_input) and (not alarmminute_off_sw);

END first;



- Project Digital Alarmminute Clock

- By Mr.Surachet Sripolkrang 35103255

-- Meodel comparator module

LIBRARY synth;

USE synth.stdsynth.ALL;

ENTITY Comparator is

PORT (
SIGNAL timeminute
SIGNAL Alarmminute
SIGNAL alarmhour,timchour
SIGNAL timcamtimcpm
SIGNAL alarmam,alarmpm
SIGNAL resct,clk
SIGNAL comp_OUT

END Comparator;

.

. IN vibit_1d(5 downto 0);

IN vibit_1d(5 downto 0);

: IN vibit_1d(5 downto 0);
. IN vibit;

>IN vibit;

- IN vibit,

OUT vibit );

ARCHITECTURE first of Comparator is

BEGIN
compare. PROCESS
BEGIN

IF  (resct ='1') THEN
comp_OUT «<='0";

ELSE

WAIT UNTIL prising (eIk) or resct = '1°;

IF (Alarmminute = timcminute) and (alarmhour = timchour)

and (alarmam = timcam) and (alarmpm = timepm) THEN

comp_OUT <="1",

ELSE



comp_OUT <='0";
END IF;
END IF,
END PROCESS compare;
END first;



-- Project Digital Alarmminute Clock
- By Mr.Surachet Sripolkrang 85103255

-~ Modecl Alarmminute counter module

LIBRARY synth;
USE synth.stdsynth.ALL;

ENTITY Alarmminute is

PORT (
SIGNAL reset, up_enable - IN vibit;
SIGNAL Alarmminute . OUT vibit_1d(5 downto 0);
SIGNAL alarmhour : OUT vibit_1d(6 downto 0);

SIGNAL scthour,sctminute 2 IN vibit;
SIGNAL clk_lscc,clk_60hz  © IN vibit;
SIGNAL alarmsctenable <IN vibit;
SIGNAL alarmam,alarmpm  : OUT vibit
)
END Alarmminutc;
ARCHITECTURE first of Alarmminute is
COMPONENT Alarmhour
PORT (
SIGNAL resct, up_enable, dk © IN vibit;
SIGNAL cout .. OuUT vibit;
SIGNAL bcdout 0 10) § vibit_1d(5 downto 0) );

END COMPONENT;

COMPONENT Ahourcount
PORT (



SIGNAL resct, up_enable, ik [ IN vibit;

SIGNAL bedout : OUT  vibit_1d(5 downto 0);
SIGNAL am,pm : OUT  vibit ),
END COMPONENT;

SIGNAL carrytohour : vibit;
SIGNAL gate_clk 2 vibit;
SIGNAL gatc_resct  : vibit,
SIGNAL to_resct 2 vibit;
BEGIN
to_resct <= reset or gate_reset,
PROCESS(scthour,sctminute,alarmsctenable,clk_1sec,clk_60hz)
BEGIN
IF (alarmsctenable = '1') THEN
IF (scthour = '0') THEN

IF (sctminute = *0") THEN
gate_clk <= "1
gate_reset <="0";

ELSIF (setminute = '1") THEN
gate_clk <= dk_lscc]
gate_reset <='0";

END IF,

ELSIF (scthour = '1") THEN
IF (sctminute = '0*) THEN
gate_clk <= ctk_60hz
gate_reset <='0";

ELSIF (sctminute = '1") THEN
ga:c_clk <="'1%
gate_reset <='1%; — reset to BEGIN state

END IF; :



END IF;

ELSIF (alarmsetenable = '0") THEN

gate_ctk <="'1";

gate_resct <='0";

END IF;
END PROCESS;

xx:Alarmhour
PORT map (reset
up_cnable
clk
cout

bedout

zz:Ahourcount
PORT map (resct
* up_cnable
clk
bedout
am
pm
)
fEND first;

=> to_resct,

=> up_cnable,
=> gate_clk,
=> carrytohour,

=> Alarmminute);

=>to_rcsct,
=> up_cnable,
=> carrytohour,
=> alarmhour,
=> glarmam,

=> alarmpm



Digital Alarm Clock
Mr.Surachet Sripolkrang 35103255
clock top level of design
Implementation on FPGA XC4004APC84C-6

LIBRARY synth;

USE synth.stdsynth.ALL;

ENTITY Alarmhour is

PORT (
SIGNAL reset, up_cnable, clk :IN vlbit;
SIGNAL cout . our vibit;
SIGNAL bcdout . our vibit_1d(6 downto 0) ).

END Alarmhour;

ARCHITECTURE first of Alarmhour is

-

constant trans_tbl . vibit_2d(0 to 59, 11 downto 0 ) = (

IN OuT

+
+

B"000000_000001",

B"000001_000010",

B"000010_000011",

B"000011_000100",

B"'000100_000101",

B"000101_000110",

B"000110_000111",

B"000111_001000",

_B"001000_001001",

B"001001_001010",



B"001010_001011",
B"001011_001100",
B"001100_001101",
B"001101_001110",
B"001110_001111",
B"001111_010000",
B"010000_010001",
B"010001_010010",
B"010010_010011",
B"010011_010100",
n"omloo_oxmdl",
B"010101_010110",
B"010110_010111",
B"010111_011000",
B"011000_011001",
B"011001 _011010",
B"011010_011011",
B"011011_011100",
B"011100_011101",
B"011101_011110",
B"011110_0I1111",
B"011111_100000",
B"100000_100001",
B"lOOOOl_lO(;OlO”,
B"100010_100011",
B"100011_100100",
B"100100_100101",
B"100101_100110",
B"100110_100111",
B"100111_101000",



B"101000_101001",
B"101001_101010",
B"101010 101011",
B"101011_101100",
B"101100_101101",
B"101101_101110",
B"101110_101111",
B"101111_110000",
B"110000_110001",
B"110001_110010",
B"110010_110011",
B"110011_110100",
B"110100_110101",
B"110101_110110",
B"110110_110111",
B"110111_111000",
B"111000_111001",
B"111001_111010",
B"111010_111011",
B"111011_000000" );

SIGNAL inczmuxz,bed  © vibit_1d(5 downto O);
BEGIN

bedout <= bed;

pla_table (bed, incz, trans_tbl);

muxz <= incz WHEN ('1' = up_enablc) ELSE

bed |

PROCESS

BEGIN

WAIT UNTIL prising(clk) or (resct = '1);



IF (reset = '1') THEN
cout <= "0";
ELSE
IF (incz = B"000000") THEN
cout <="1";
ELSE
cout <="'0";
END IF;
END IF,
END PROCESS;
dffc_v (muxz, resct, clk, bed),
END first;
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Gate Usage Summary

(2222323 2223222222 2222222222222 2222222222222 ]

Cell Count Area/Cell Cell Count Area/Cell
VIX4000:FDR 43 0.00  MX4000:FDS 2 0.00
X4000:AND2 115 0.25  X4000:ANDS 7 0.60
X4000:AND4 ) 0.76  X4000INV 105 0.00
X4000:NAND2 105 0.25  X4000:NANDS3 29 0.50
X4000:NAND4 4 0.75  X4000:NORS 24 0.50
X4000:NOR4 6 0.76  X4000:0R2 189 0.26
X4000:0R3 24 0.50 X4000:0R4 7 0.75
X4000:XOR2 16 ~ 025

Iotal Cells : 680 Total Area 164.50

Partition, Place and Route Summary

Input XNF Design Statistics (Note 1) a2k

Number of Logic Symbols: 6356
Number of Flip Flops: 45
Number of 3-State Buffers: 0
Number of 10 Pads: 40
.Number of Hard Macros. 0
Number of Nets: 730
Number of Pins: 2228

Equivalent "Gate Array" Gates. 1468 (Note 2)



- From Logic. 1468
- From Random Access Mcmories: 0

- From Read Only Mcmories: 0

Partitioned Design Utilization Using Part 4004APC84-6 (Note 8)

Occupied CLBs (Note 4). Used=148 Max=144 Util=89%
Packed CLLBs (Note 4): Used=126 Max=144 Util=87%
Package Pins (Notc 5). Used=40 Max=96 Util=41%
FG Function Generators. Used=253 Max=288 Util-87%
H Function Generators: Used=56 Max=144 Util=88%
Flip Flops (Note b). Used=43 Max=480 Util=-8%
Memory Write Controls. Used=0 Max=144 Util=-0%
8-State Buffers: Used=0 Max=384 Util=0%

8-State Buffer Output Lines: ~ Used=0  Max=48 Util=0%
Addrcss Decoders: Used=0 Max=144 Util=-0%

Address Decoder Output Lines: Used=0  Max=32 Util=0%

Routing Summary

Number of unrouted connections: 0
Number of pips used: ’ . 2887
Number of local lines used: 741
Number of double lines used: 478
Number of long lines used: 178
Number of global lines used: 3

Number of decoder lines used: 0 .-





