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ABSTRACT

This paper presents the Field Programable Gate Arrays (FPGA) device,tools for
design Metology and simulate of digital circuit, design and test timmer circuit one channel
using FPGA device. After that have test and implement original of timer circuit. In tester, the

timer circuit with FPGA device are in close agreement with the theoretical prediction.



it

Aanssudszmn

1 4
s o 1 ° [
Tnsesnugailamsodudegar lldduanunganlumsddniSomn i1
° [} ] ° t d o ::
pusimesANNTwmanang  aasasu i lemalumsiinssuediuaui - an
) 4 & <1 a saa o2 s 1t ’
dunsesflegUnsaldineg  nawazamuinnemsiiansduiiuennsdilinmeuy

1 4
fomsilsehimainngmans Inanssugnri

a

yoveunadldtuiafildTomalunsfiom  ew1sd  {uftuaziouq Al

)

. ° b 1 1 st o s v M o dyo <] vy
AUUSUUIASYDYAA N ‘VnuWnﬂ’]ulﬂﬂ')‘lj'ﬂqm’qm‘"ﬁa'ﬂ'ﬂﬁ'jﬂﬁqq‘luuﬁ“iﬂ"lﬂﬂ'lﬂﬂ



e e

e on wm wm

ARV
A
1584

unfingen 1 Ing
UNAAtBNIHIBINGH
fansTulszme
msuy
mIUYM I
mstgygdmn
d‘ °
uni 1 unin
:i L) [¥]
UNT 2 NOBGUATHANMT
2.1 NORUAZMANNITUBI FPGA
y
2.1.1 Taseasumelu
v A ’ a
2.1.2 druniiusesilsenouveasdn
2.1.3 dIUDUNAIAZIDIANA
= b
2.1.4 :105:193%1’5‘1%«11&
; 'd £ =Y o '4
2.2 ms lsrondlsI1assnuas laden
Y
2.2.1 TunoulunsoenLLLIAZ 1NN
Yar a
Tasler1ansn
.’f = 4
2.2.2 funonlumsnagouiees Taslyladad
2.3 NOEYINIINYNITATADA
2.3.1 NITWUHUUS NG
'd
232 gUnsalnaadna
2.3.3 1A URAAIND

2.3.4 1995¥UNNSAINDS

}\)_0\ N W W W e é é 2 E =

13

13

14
14
14
15
16

16



GARSIL
A
1384

uNh 3 MIsEAIUILMIAN
3.1 ANHUTVOINITOONUUY
3.1.1-msaammumna’wﬁunu
3.1.2 MFBOALLUNINLUAIEN
32 35n1500ALUY
3.3 ﬂwaaﬂuumwwfmm

v

Y ° < L 1
3.3.1 ‘uam‘numws:130ﬂ°uaqumnm 1 ¥BAULAY 3 YO

v

3.3.2 AUBINITAAUIAT 1 BOY
Y
3.3.3 AQUBINITAAUIAT 3 ¥
Py ] :i Y
3.4 UDIAR219819N 1% FPGA
Ui 4 NINATULAZNANITNARDI
Y
o y
4.1 Tunoulumsasniidsedlsznsy
° 4 Yo r'd P4
4.1.1 Mymmuaonseneulniussnniuls XM uaz
XMAKE
s 4
4.1.2 MINTITAOUDIANA INAUBI XMAKE
Yy Y ¢
4.1.3 MINFHUIANYOINITOONUY
4.1.4 MIMFEUMUIDILADN
v
4.2 MINAROINITAAUIAT 1 ¥B
4.3 HANSNARDY
d' a 3
una 5 agdendnanazverrusiue
5.1 a9
5.2 Yaymaziuamaud 1y

5.3 ruan e luns wann

18
18
18
18

18

- 20

20
22
23
25
27
27

28

43
44
44

44

R

=
S

"~



A
1393

AMANUIN A 1AIHAIAT 1 Yo
MANUIN Y 30%55\1!’2’013 ¥o4
MANUIN A 1BNTITVUBI XC4000A

UITANYNTH

MUYy

46
58

71



-

Il TN

MIN

ATNN 2.1 AUANTAYD FPGA ATZHaANe
[ Y
A15197 2.2 Uszinamaiuinayeananugu
A 1 J
M5 2.3 THUAANY voesnlssnou

ot 3 a L S o 1 deg V
MINN 4.1 MyaaIasane u vesadiodwnly FPGA

32



mstgyglmn
sunn

gﬂ*?i 2.1 UWUHI CLB UYBIATENA 4000

;ﬂ?i 22 UWUAY IOB UBIATLHA 4000

gﬂﬁ 23 FaddulunsaeufindleFudloumass i
wnleduazms Tlsunsy v

1 v
asaelaanluTnuaaiandiSea

e
el
=,
)
N

a y
urugiinamsieutoyalusunsuasuinlunyy

&
e
=h.
N
W

alad¥Sea

1 Y P W= ]
asa lvnuluInuauidiaesyisea

]
e
=hi.
)
(o)

1 Y 04
msaslsamuluTnuauamasnisusa.

O]
.
=)
)
3

1TV WNAUIU 4 1A

s
e
=i
)
0

9 FUTNUATFOAIUANY VOAHILAANAAUAY 7 AU

&
=
=bh.
o

2.10 NI500ATAIAINDST

=h.

J
|
)l

i o o Y
Y32 dmsviadueeniseoniuuaees Tasleseniny

(]

2.11 NTFINNIANDT

&t
=

Y
3.1 Yuaoulunisesnuuy

&N
=)

o

YoeusEmInandnuazusyn laden
v

NS NIIHUDNTAUIA 1 909

1%
[l
=n.
(98]
[VS)

Ve o~ '
HAUB mﬂ‘b"ﬂlﬂi’dﬂ SUAANTYYIUANG

&aft
anadl
.
w
~

¥

YBIIITAUIAT 1 O

v

AT NITUYBAUATDGAUIAT 3 FON

&
il
=h.
w
W

Y o~ '
Nﬁ‘UﬂQﬂ'ﬁq‘]ﬂ'JW\5ﬁﬂ:llﬂﬂ\1ﬁﬂgﬂ31mﬂ14ﬂ

v

YDINITAAUIAT 3 HOY

&R
[
=h.
w
o

10

10

11
12
15
15
16
17
19

21

22

24
25



msUygUam
s

711 3.7 1e598u8sARI961N 19 FPGA
511 4.1 vesadIet VeI FPGA
51141 4.2 mi1dn XDE EditLCA , XC4003APC840

A

P d’ 1w § a o s
511 4.3 MsiIFouRDIUITNINABNNUNDT AT U
¢ W { d' Y

Y05AAI06WN 1% FPGA
U7 4.4 drunaasna 7 druszusaawaiiiu 00:00:00
717 4.5 2esduimsiusuniesinisna STOP Jaazngatiy

Y
itaznA CLEAR v 1nttaawaiiiu 00:00:00
44l L = ]

717 4.6 tweagluInuaveamsiy LED 1 szAnuas LED 2 92A Y-

] 1 v
507 4.7 eng TuTnuavoansaadan LED 1 asduiiaz LED 2 920

&

]
v e

UM 4.8 vand Tuensensy

h.

e

R.

o~ IS

UN 4.9 MAAUMATINTY
¥

14 4.11 Nifindnlanszndy
y
i

U 4.14 vapFI TINIENTENS U

an

4.10 HANIUINNTENS U

e
=

&t

4,
4.12 daunaaana 7 @4 uaaeaiiu 00:00:00

&N
=),

] o
4.13 LED 1 92AUd7 LED 2 9:Andaeg 11 THuaveen1sauial

&
=h.

eer

U 4.15 drunaasna 7 @uuaaswaiiu 1 lundnaaTua

L]

b4 a
NIDUNTENTU

h.

51U 4.16 ANUNNTENTU

<

2.

U7 4.17 drunaawa 7 dau naasnariiu 25 Tundnun

y o
HIDUNTENITY

d' o A = a
3UN 4.18 MANIUNATINT U

ty
i

26
27
31

33

34

34

35
35
36
36
36
37
37
37
38

38

38

39

39



e L

matgygmn

umwn

d' ' U v a o
517 4.19 druudana 7 g uaaswaiiiu s lundndundi
Y a
WSOUNTENS Y
511 4.20 Tilndnlansswsy

o Y o .
5UN 4.21 LED 5 9z@n Wiﬂl.lﬂll?lﬁfjﬂ'l\l'lu

v

b

a

51U 4.22 LED 1 9zAa @24 LED 2 szauueaadined iuIvua

Y

h.

YOINITHY
P > 2107\
319 4.23 LED 5 9zAulazTiagizan
:; 1 d' [ o a (Y] 4
51U 4.24 AMAWMSIFENASTBIATIU IMaAIRITAN LY DIA
A10819U09 FPGA
A 1 =Y n='l v 1~ o)
31N 4.25 MWOGUAAINTAAYDI LED 5 Fuiudruenisadvinau

519 4.26 NN WUAAIUBSARIDENUBY FPGA

39

40

40

40

41

42

42

43



e

UNN 1

UNU

aa Yaa o ' < Y ~ s Y
ASOONIYUNITATASA Il TRMINTesNs A7 Taslyynmaunsuaniiey -
4' ad Yy 4 1 < ' '
gnszuIsmseonuuy lanlfsunilasednsiagy  dmdsenoudng  veees
Yo a s v e \ aa
Tawannnansugmaes  sunszivhlidmalulasiueatedle (VLSI :Very Large
Yy v
o v . a '
Scale Tntegrated Circuits) aH laumiszuuneuiuaesssluniseoniuy (CAD) w1
A A g < a o 2 .
hunTesiletolumssonuvugiasaiasinnannso Tsuasu'ld Programmable logic
5 T ' o ¥V ° 3‘3
device) F9zFwARAINEGWIN TUMTIAUIDUYE9s  Tagvi Induneunsoonuuy
. v v ' o Yt o y v
MNMONN Physical)  lwamesas  egnlsimugmiinseenuuvezaswuinle
ay ’ P ¢ ady Ly v y
maTulagawamilagnssuvetarsaursvosglnsairiainsounuasanlonslyse
{ 4 ' 14 1 e ’
Winingselunssennuunivg laosuiu
s o Y dyyv 2 ' ' o y = =
msautiumssunes imuniaiungqundng 14 2 aguAsnuwAngduuy
ra T o :;‘ v
(Fully Custom) tiaz 1NiAugUIUY (Semi Custom) Tav Tunumavgdnuuiws liawise
.« a y A ¢ y y v
Aniumseenuu lasuduganssuiunising iz ludunouganiosiszaoa v Iswu
a aq Y 1 d'd” & y ra A « a
pamidulodlv  ualunilimezdenlsuuyhidugduuuiisenaisransoduiiums
v e aad 4 o y i
Taeasuduganszuumsoonuuulagisnisuaenlenonisle FPGA (Field
Programable Gate Arrays)
v [y o v
FPGA v:5NozisdveunanugnsaiTusunsulaves PLDs ( PLDs 9zisznou
v - o v saiq ¥ A ' 2 A
avezistvsunanasolsunsuld  gunseilFlumsisoudeorniluiiad wie
a s /saia v e A ’ P
nsuFmaos Tas PLDs vxifuginsainiinnumuuniudngalugdnseitszianiann
a v : y XY
saldsunsuaedn  asladszTemisznlaoundadllaumsidszgadlean udiiu
v a 4 v VY o
annso Tdsunsuaunuy ladunsizaarilaenssuveunainanaieda) aleiu  Tag
@ =K Ao ou A Y 4 1 ' o & v 1 d”
MoluA7 FPGA sldmund fiyfaidUn NMSIFoNASTSHINYABNFUTUN NN AT
Y = ' -t = . o o Ve
annsoTsunsu 1A Fazndnswazdsaluuni 2 nnunaimansaiun iyl
' ' < a s g9 y v
04521719 3,000 D4 10,000 10e Fne 1 lmlszTenilaninunansizansg Tusunsy

Ve o Y o o ¥
Tiauiuiladdudang 18 nasfiivefnosansalusunsulmila



v

o ] o [ t aY A 1 b - - o
MANNANMVMINUATZIIUNIYoAMawss NAsAulssnoufu i una TuTagn
. 2wy s R Vo ¥ v a
Wrauleselam TnsantvunTasmvualassunmelaivenisaswesizuay Tag
v v ? o o
1% FrGA Tasiithwuie As 15 TUsunsudous Hazi AU UNITHNIMYEY
aa i 4 R dn v - y v o
MNITAINDANDOAUUUUU ua:m'zqﬂm‘lﬂwamﬂaﬂuuuugnmwmﬂamﬂwagam:
o o o Yo A o y { o
Amuaiiddumsinmlviuglasel FrGa o Frea Tilsuiiuledniedsu
P - bl ° @ P=3 P a a (dyu ¥
MuNAMUala dmiuTwaziosavod Tasenuniaue ludSyaniinusudlsznauai
a 1 ] dy 4; T ] o Yy =
FIazivIAA g Adl Tuunnz 1f]umwamqygua:naﬂmm:ﬂs:naumﬂ Ny uas
~ Y A v a o a v
MANNISYL FPGA |, M5 1saeniinsvoausimiiaein  (Viewlogic) asusym
la@ast (Xilinx) ,NQuRINUINVINTAINGA dluunn 3 sxfumsesnuuuas
S Y o a
MTATNGNZUTZABUAIY  ARVUSVOINITOONLUUY , ITNITOBALUUL , AITODALUUY
.’f [ $ ' ‘!/ -’;I
wasana1  amluunn 4 sufludiuvesnisnaassezdsznouats  Tuasulunis
v ’ ’ Z ' Y oA o
#5nMdeeAlsznsy |, MINARBIINITAUIAT 1 BB uazluumganieneuni 5 ey
: 4 .
dauvosmsaginamsnanes | Javmnuuazmsudluilym | uwamnlumswann

Ay



=
Unn 2

NgEHUaTHANNS

v o a a 2 & an
FPGA Satlutessammeissianiliiannse Tusunsminiesadasalaq

"Qiwdenty EPLD @wdusl EPLD Tusunsuasuu EPROM awlu  uaz@unse
 Tusunsyln1dndenmir laudouasgandila o uadmiy FPGA xldsunsy
awnauadnusumeludedeyafiogniouen uazaunsaldsunsuinildlasmsIie
L v :: [ @ [ =1 d’d ]
Fodona lwihuenamiu Frea  dulsendandsnmiazinnugesiiiinalng

@uannaNng) 1aondae

2.1 NHYUAZHANM TV FPGA

v
2.1.1 Iassaramaly
adya a a o4 4 aw A1 w o y Y w a o
QQﬂiiﬁuﬁuﬂuNaﬂTﬂﬂﬂiB‘Ylhl"'lfﬁQﬂ‘h’ﬂﬂﬂﬂiﬁ'ﬂﬂi?ﬁﬂu"ﬂ']ﬂ'liﬂuﬂ'ﬂﬂvlji‘ﬂ'ﬂ
g d v d P ] K e
wusyle oMy adruiluezisdfivszneudsinadnou 600 - 25,000 1na Saaaslu
MInT 2.1 msfidesuenuiiavesnesTuiuiunams e 18§ unareaes

fdeonuuy Hannsalusunsuaiuuieessin FPGA langelu

FPGA Appr. Gate Max I/Os | Flip-Flops RAM bits Available
Count CLBs
XC2064 1,000 58 122 0 64
XC2018 1,500 74 174 0 100
XC3020/3120 1,800 64 256 0 ‘64
XC3030/3130 2,700 80 360 0 iOO
XC3042/3142 3,700 96 480 0 144
XC3064/3164 5,500 120 638 0 224

3197 2.1 auaNAve FPGA Aszqadeg

)y



AN 2.1 (AD)

FPGA Appr. Gate Max I/Os | Flip-Flops RAM bits Available
Count CLBs
X(C30903190 7,500 144 928 0 320
XC3195 9,000 176 1,320 0 434
XC4002A 2,000 64 256 2,048 64
XC4003/4003 A 3,000 80 360 3,200 100
XC4003H 3,000 160 200 3,200 100
XC4004A 4,000 960 480 4,608 . 144
XC4005/4005A 5,000 122 616 6,272 196
XC4005H 5,000 192 392 6,272 196
XC4006 6,000 128 768 8,192 256
XC4008 8,000 144 936 10,368 324
XC4010 10,000 160 1,120 12,800 400
XC4010D 10,000 160 1,120 0 400
XC4013 13,000 192 1,536 18,432 576
XC4025 25,000 256 2,560 32,768 1,024
(NATINR2 M11854in% NAND2 130in@ NOR2)
Gate Equivalent gate count Gate Equivalent gate count
NV 1 RS Latch 3
NAIINR2 1 D Latch 4
NA/NR3 2 D Latch with CLR 5
NAIINR4 2 D Latch with PRE 5

- y 4
9‘.151\1'3 2.2 MITUBINAVOUNANUITU




M5NN 2.2 (#0)

Gate Equivalent gate count Gate Equivalent gate count
NAIINR6 5 D Latch with PRE/CLR 6
NAIINRS 6 DFF 6
NAIINRS 7 DFF with CLR 7
NAIINR12 8 DFF with PRE 7
NAIINR16 11 DFF with PRE/CLR 8
BUFF 2 JKFF 9
ANIIOR2 2 | JKFF with CLR 12
ANIIOR3 2 JKFF with PRE/CLR 13
ANIIOR4 3 TFF with CLR 8
XOR2 3 TFF with PRE 8
XNOR2 3 TFF with PRE/CLR/ 9

=} v YA 'Y 7
FPGA Ulaswasnamelulnamesnuaniilasnssuvounnosisduin  aiwiso
a Y. Y
TUsunsuitazaueensenoy (Configuration) AUAANITY (Static RAM) nelulalagly

2 . v, s Y P '
aszuadliit  FevinsTusunsu1a TnometouagsIuaUNANIINAOUBA 1TU  Parallel

v 4«
T

EPROM 1150 Serial PROM @A EPLD , PAL 11l EPROM o lud? nwlu FPGA 9299
Seufuassniradousoumenondivdunaioinama  FPGA usniinaalag

larAafifi XC2064 (2000 Family) UsznovualsiyaiGeaiuiluiuning Mateix) (Husrmuau
64 150 ANty HAARTZOEA 3000 1Az 4000 IdJTﬂﬂﬁi"JN“B'U‘I’fJﬂu‘T;uﬁNJ’]Sﬂ]JSSi}

dming lAgauazaTu uAaziwaiSondl CLB (Configurable Logic Block)

1 d a
2.1.2 davnidluesddsznevvesasin (CONFIGURABLE LOGIC BLOCKS)
£
CLB szsaisearmiuuuumasasuuszisduuin MAN A1500niuiiuaiuIse
s 0 Y- o ] A Vi 2 o o~ v A
118 1agn139A1N CLB Lasasidsuvuived CLB IMasneny 1s1aiuisada CLB Tiiyou

1T 2 o }% o V & & o/ Ao . Y. a o ac
astenula Taemsvialsionso v Tlsunsuneniuayu FPGA virlv Taedn Tuila 1ag7s




—m

o ° a sy ¥ ' iy o ' % ' .
vouiued  awmsuidanlannTdsunsumariisnsenit Ialasesn  (Configuration
= ' . a v = o '
file) T0zUT5YITeTNMeINves CLB muanumunzay  lusnamuniiaIaTasesw
> ¢ v . & y ) .
vuszdulWdnssuadeya  (Bitstream) aeannaldldsunsumionnuiineluue
y L] -
FPGA (Intemal FPGA configuration memory) a ﬁmm;ﬂuﬁm CLB Y93 FPGA a5z0)n

4000 1AAIA5UN 2.1

CONTROL |

uee
G371 Funcrion
oF

G2 i

[
x

\ ECRD
| H/ i11] }
| ]

m
P
)
K,
it [ Y
. o
Lo6c
F3—] rucnon p ©
o D —
£l ¢ Qr-xa
FIF4 ' :
. A ) [
K C\IRD
(CLOCK) N 1 TSl
e ) X

MULTPLEXER CONTROLLED
BY CONFIGURATION PROGRAM

1% 2.1 uAUAY CLB 489050 @ 4000

7 a d
2.1.3 TIUBUNALALLBIANA (VO Block)
Y =2 o <2 dy Y
50U UBNUBY FPGA 9x1l5rnouais 10Bs Uszunmd 64 D9 144 A219UUBYNAY
ATZNaVed FPGA &4 10Bs sufludufoudesninneluiumeouenvevivesaninyes
o o a a a A
FPGA An¥aizued I0Bs sxiidavaiz 2 Asme annsaldsu asuldiiluBunanie

towman 18 damsugii 2.2 uaas I0Bs Y89 FPGA AszQa 4000



OUTPUT  PULL
EXTEST SLEW  UPDWN

Vee
JAs-captun | \]
m :D ts-update——-——
1
sd
.0, D Q
OUT DATA _1 'ﬁ
INVERT —
.ok @-ID— l/ — pan
QUT CLOCK d
SR uT
‘_’—_-—EID______J SEL .
.0 -capture —M——
.q-capture +——
.0 - update
I - captur /‘I F
.1
I - update—»—
P ) == .
\l sd
oaLA L Q2
@ INVERT Q
ik iN CLOCK - FUP-FLOP /LATCH
M SR
._.—__D—D—————] INPUT

GLOBAL
S/R

5119 2.2 UHUAS TOB veRAszHa 4000

=~ v
2.1.4 T1HALBUAMILTNY
o Y o Yt o
FPGA smnsainnianatwsiiuy (Mode) Tasfimualanuidynin Mo M1
taz M2 danaaslumsnn 2.3 Tunuuinameswasuisa (Master Parallel) $uTusunsy
apudnaniar 1 MUY Byte) winnvwaNusneusaniutuvuuTAgaNITasY
o ; . v gy ¥ a o
Tsunsunouiln (Config) 1ARMMIN (Address) AmTogenounla  uuumesiesa
v v

(Peripheral) SuTdsunsunouilniiaz 1 TuvnnlulasTusiwaiwes  Tasaunsalaneou

o Y Y =1 v Y 4 v Y 1 -~
Auladimiounsolinsounazsudeyadsly wuvaad (Slave) SuTdsunsuneudlnn

a ° v ar a 1 St A
az 1 tannlulasTusiraosmudyaudunn CCLK dmulunuuinmasiasea



(Master Serial) $uTUsunsunousinnaz 1 iin Pnmausnnmeueniilluwivy

YT

MO Ml M2 CCLK MODE DATA
0 0 0 output Master Serial Bit Serial
0 0 1 output Master Parallel Byte Wide Addr.=0000 up
0 1 0 s reserved 0000 -
0 1 1 output Master Parallel Byté\?\ﬁdeAdd;FFFFdown
1 0 0 e reserved 0000 —-——e
1 0 1 output Peripheral Byte Wide
1 1 L Reserved = —eeeee-
1 1 ! input Slave Serial _ Bit Senal

a5191 2.3 liuuAng veentsimunenlszneuumeinu

v v Vo ¥ o Ve ¥ i o A
mnanesemsas il ldnszualiid Tunuuaisaslyaunis 5 oyl
¢ '
Mo 2 uuummiunivisdy Ao WAADIAsUaLUY (Master Serial Mode) il
s . [} o _ y v
AadFSoauuy (Slave Seral Mode) damlu wdimeswIsulTaUUUABN1Y EPROM
2 a ] Y [ d'l
27Cox BINUATEHANINATT PROM XC17xxx 1111 lumsnage uauiuunsuilenes
¥y ° y v Y a2 o v A a o ]
Aunuuinlagnaswalseiimsdallsiunsuas . PROM SNNUUANTIE I ULy
Y, " ™ d' Yy : =
W55 a EPROM a1u1so Tusiunsu lalniaedu PROM nTdsuasy lansungn
o aa Py A a Y o
sl FPGa hunudandSvanasuidiaesaEea ey IWivda
o ' o cig Y
FPGA 9:Y1mstafes  (Clear) wiroaudm laluaouin (Configuration Memory)
asrvdovuuumsasasuintuiiuuulaluaiswn 23 (Junuuoynsunssuuin)
v 3
waanminezisims Tsunsuneniln doyanas DONE/PROGRAM 1 “0” (oglu

' A ¥ <o o , . Aq ¥
sevinllsunsy)  uasieveyalunsneuilnnfmnenmevsnidumiisanusmly




Vv o { o £ 4 ’ o
Tumsasuflnuazanusnvssvsyansefundiunivessyadunoud nd

L4
DONE/PROGRAM (T4 “1” (Tsunsunsuinafoiiu) g3l 2.3 Usznou

All User 1/O Pin 3 Stated with High Imjpedance Pull-Up.HDC=High LDX=Low

A

IN_'l:Output =Low

Intialization
Power-On
Time Delay

PWRDWN
Active RESET Inactive

Low on DONE/PROGRAMandRESET

1 2.3 MadhduTumsneuilmiesutlouunaa 1y

y v
l‘U']vlﬂchllﬂ:’,ﬂ'ﬁ'TlJﬂlﬂTln”U/

malrauluuvmaldi3aacSlave Sexal)
[] Yy d" o d' é’! 3 [} s
msae lyanlunyuiimuizauduaesneenuuuyuneinus udu luTns

a ¢ vy od Ve ¥ - a P <
ﬂﬂUW']lﬂﬂiﬂgua'JYl\iulWT]: FPGA vlﬂ‘l‘lfﬂ']']Uﬁ'lll'ﬁﬂ‘UﬂQvlUTﬂSﬂﬂHW')lﬂﬂislUﬂ']i'lﬂU

. Y 4 ' Y 4, Y a
Hardavpyanounniy moauadsutiouTdsunsuwedaTusunsuasuiin v
o ' & o E a g a . v
dnvazasaolunpuiidhuiludgn 24 FlunpuiluTasnouNunesezasn

o a4 Yo v .
dyanaunevimsnsuinliiuginsal FPGA mstleuTdsunsuneuiinld FPGA v
. Y Y o Y o v ~
aTaoAodaya It Strobe 1AV CCLK Haznesn DO 1AW DIN  #5Wdyn
a < Y a o~ a
wikmtounw ceLk uaztleuTisunsunoulnuuuoynsudifion DIN seusugilu

sUn 2.5



10

-5V
MICROCOMPUTER OPTIONAL
' DAISY-CHAINED
STRB P CCLK M2 LCAs WITH
Dol——p{ow  pou— L pmm
DI}— . HC——  —J» CONFIGURATIONS
10 PORT D2— XC3000 GENERAL
(PARALELPORT) | p3 | FPGA  LDC[O— PURPOSE
| DEVICE |  wLsm10
PIN:
DS p—rv- j OTHER : :
D6 |g————P jorNs | o
D7 [ ¢———( IvT e
RESET RESET
11 2.4 myaeluluiuusadFiSoa
DN X BTN X BITN+1
CCLK ¥ \ 7|(
DOUN BITN-1 X BN

4 a y
5171 2.5 unugiinamseudoyalusunsuasuiinlunuuaeiisva

d
melrauluuusnmaesHi38a (Master Serial)
] b dy ) E;d [ A b
Ao laulunuuu druninuTusunsuasudnasanmnuuulsnas 1%
v o o %% - ot & .
PROM XClTwx Husdnfuldsunsy vl luasudenaiveuldsunsuineriims
é ad o ° 3 o dyd a
ABUNN FITAMIONIUSUATUABUNAGY PROM YIAUTUABUAIUAD  1uAUA

(MakeBits) @319 BIT IMd91n2qesiesnuuy uazloTUsunsy MakePROM o319 Hex



11

Y . v y o 4 v o
Ma  udrimsoaliusunsuas PROM Aoglnseida PROM iumseududaTusunsy
yoaladen (Xilinx)
dy 1 e A Yo o o
UUVH PROM XCl7xx dvevdgyynouneiinisasuininduginsal FPGA M
d v ¥ iq 3 !
uaaalugii 2.6 DIN Wunsudeyanidlumsaoulnuuuoynsy diuginsel FPGA
« A o Yo & o J b4
wiufindaanuccLK ndu PROM aidusanaz lumsswdoyaTusunsunouilnn

A uadnusy (Static RAM)

HDC L= $
- ——p
MO Ml pwrRDWN —>
DOUT
M2
HDC —>

—(1pC
XC3000 >

—(mr FPGA

[ ]

[

[ ]

DEVECE (|7__l
| OTHER :

VO PINS DIN | pata V°¢ VPP
CCLK »CLE
. XC1736
——(C RESET pp—(c ceo D——
OE/RESET

(LOW RESETS THE XC1736 ADDRESS POICTER

< 1 q ¥ s
51N2.6 msaslyamluundaeiysea

d
M3yl UITRe SWITUISa (Master Parallel)
[ Y ==y 1 -=i < v Pe-W-1

msaolrrulunuun dunfuTUsunsuaouN A NINLLLIAINBS TS oa
A v v & o % a ot A .
7919 EPROM 2750 \HudnduTusunsy vlv luasudsnanvouTdsunsuimeriing

! a . . Y v

asuNn #95mMIda TUsunsunoutnat EPROM vi1la InsleTusunsy MakePROM 1u

XACT @37 Hex 118 MCS udamimssalusunsuas EPROM a1og1nsaidn EPROM

Aiidsnia



12

& 1w a - Yo
WUUHEPROM  27xwcx sraedyanunaz ludinerinsaoudnlniy
¢ o A o ¥ g ¥ e
gnsalFPGA  Aaaasluginz.s po-p7 Wunsudeyanlalumsaoulnauuuyuiuil
° v o Y Yo i b4 ' °
A0-A1s (Hudmmiel FPGA aiwlddu EPROM riosudeyasinmitganui
g Y a . . - RY v dw ¥
Tlsunsunouiln) vudu M luauadnusy  dumiaie 16 @uhisuiludssdonsudla

Y e ) . do ¥ . Vo 4 a dn ¥
‘Uuﬂgﬂu‘ﬂu’]ﬂﬂu']ﬂﬂ'ﬂ”ﬂ’] EPROM ‘Yﬂ‘lf llﬂ5ﬂ1n15ﬂﬂ’1”u9ﬂﬂuumuﬂiﬂﬁ\lﬂvlﬂ

+5V
+5V
- (L
M¢ Ml PWRDWN
—_ ALS P1ALS
Al4 PiALa
——HDC Al P AL3
ALZ A
—(roe All Al
Al P AL DT +5V
_.O INIT A9 P AI D6
As At D3
XC3000 .5 »i a7 Daf— 5 k Each
-——;— FPGA A6 i A6 D3]
° DEVICE &3 1<be D2i—
e A4 A4 D1
s A3 P A3 Do
e | OTEER = a2 )
& | VOPNS
— Al > Al
A0 A0
—Qmw wmO— Q)
NC.
Resprogram
|-~  open collector

i ] v 4
51U 2.7 msas v lutuuundineswisuisa

Vea159239 UMY FPGA

v
=) o

a d. o A v Qe y e v Y oo o &
Auisandrgne  ledndnusowduiiga mstandlasruiamdege vie

v Ao v o4 a . :'vl A o Y v o 2
dans lasausannleduiug wilvlemaomelaie  szoznalumsianinin
II v a c 2., Qd leyd vl d:l o [ ﬂay 7
IR UAITIAU 5-10 UMW A9 15F0NINA (Socket) 1o%TUMIUsERDUIMITAWMNLTUA

s i [ a 3 Vv o 3 ~ ° b4
ﬂ'ﬁ'ﬂﬂ\iﬂullﬂﬂ\iﬂ'wvlﬂslﬂwla%leﬂ')iﬂﬂ‘U'] ﬂ’\ﬁﬁll'u’]u’lﬂﬂ?ﬂall ﬂuﬂ:ﬂ‘l&lﬁ



13

S y g 'Y ot 3 [ ' o . . o~
leddsln wenmmiuussduvsunassisassoglugrnlssnusmuam  dmsy
o = a U - b4 7 v Y 1
FPGA 153iun loaoglusiainmla Vee=4.75-5.25 Toad uazusesdunnulaeglusie
S @ 3 ' ) [ Y 1
05-7Tad dufuseutlsuussdunisasraudaliiniladou
' a da v'l a o any ' . at vy
msaeNsAanNHa I ledndemeviunlaun  msasiodnavesledliing
A ) ada A ‘ o Yy
yannseavvewmassie il Tasase Todnnuea (TTL) Twamsh cMos Fanonulain
v
o ' o v ot o y
wszlmsdinans siavoensgnieu AaiuAoueuusaiuilednisnsieg
a 7 oY
Usnaemnaves lodme
a & dy o 4 & a P o
ondszmniianedszian MOS adannhgane Trlvhata  wiidiusuaswe
Vi = A a - Y y a = :!yu
latwengafouidunn  AnumUNIMBIITDINIBUNAYeY lorszianiiinezgaun
- = i ool 4 a ENN TR 2o & g gy &
wlnuauiAamysutuiiiunwIunvsuaionsulwhatadonnlavunuls e
3y ld. < ° v a - I b4 o
azaulng  hilnszieesndasilnvesusnudunadonela  Tuilegiiv
~ a A a v Y a ) =)
malulagmswaalemesysamnllinn . nwamBunavesles MOS  aslinves
R 4 ' o A v So g Y-S
toeruBinwlu  edunlsimuietlosdumamsaidindanasiiusnnledignaes
g yyq 4 v a g wy - ‘ .
uazarsidu A luidasassnn IWihadalaodu B uuirutedunmzvinnins s
Y A v Y Y a oo
Tansorenuaisnszayegliiion
~ A 3 14 <2 ] v
Todlszian cMOS anumunmugeun - aszuase i vannaumeasse
vy d a & = 2N y !, ' . p
T Tnudsunaves cMOS MudumszasaUMIUNIUAUAANDY  LUSIAN 5 TaY
() < o vy a I's Ay 14 ) ' o~ Y
nundenw IWadadewtnusuya s Taar Taon hifusesduanasouuudanmiay
Y a ! aov o o 7 ) ' @
nunszud lvanaasleadniuuds  ewnavoalos cMOS ofludnniz “17 oz

) v a a v ' < o
amnsoduIvanlanmetinduend  uazeuewinaegluanz <0”  Aewisossiy

ﬂiztlﬁ‘l%ﬁ’f‘n'lﬁ’ﬁﬁ'lﬂﬁﬂﬁlg}_:%/

2.2 Msl¥rerTinsvesusINI1a9dnuas veuS N lud e

:’ o ° J d a
2.21 ‘!Juﬂ@ush/!ﬂ'ﬁﬂ@ AUULILRAZ0T1A9 ﬂ"li'ﬂ']\?'\uiﬂﬂ‘l‘l,{“lfﬂwﬂlni‘uaﬂﬂﬁ‘ﬂﬂ

F0890



14

a4y

a ¥ . vg ¥ Y
Suautmualaussnasemseelelmiu  Frea aszga XC4000  uazly
v v ¥
Tdsunsy3iasoeniaes  omiundaddniduieeniiu widist et 1usasq
. a a Yo ' A ] v o a
msnulae T sunsyIwY uazlerunsanegUinvesdygiunvidunaias
’ v o a Ay Yy v y A Y o
pwene  Tassudyanuduyaiigeonuuunes laasnll Wenagsueslvlansedy
sy d' a ad Py ° -'.; & o o q'/ [l o = by
auAeans  aainasis lavenestlounazmdamsedowiludideden Mufulilu
7Y
sivedIdvenuuana .cMD
:’/ 9/ J d a v a ¢
2.2.2 TumpulumInaaausasiagltrariiiaduesusnlaten
Y <1 < a 9 Y.
asnulil Iidnadindametisy) TaolslUsunsy xNFMAP  uasleTdsunsu
Y 2 v, Y Y.
MAP2LCA  dsnidd  Lca Feansaun lvlaTnodoenuuunse ¥ Tusunsy
r Ve =3 & b . v v
APR(Automatic Place and Route) 9an1511Moa1uNa  ludunsunanuannanuvnau
v "
ol ldsunsy XMAKE  ondundadIddesn Lea v BT Tasldsunsu
. ¥ . A qy Yo ad i
Makebit 903U a1 U Intel Hex File 1o ltiunoufinlviny Frca lunsainnaaey
7 & a = A b2
wesTunuuameswaswsanseudauiudaansy  meldldsunsuasuu  PROM
1 z yv 1]
AsRa XC17ox Fauiluda InaaTsunsunouintduginsel FPGA lunsdifinaaey
/a8 A Ve o ’ A 4 o P
WIT ULV H58a WD TMT184MTHNINYBINITANYTUINGITU NaI9INT
{ v y v o I 4 .
1aTdant Tasearsaiiu Lea udqTasldwewmnsudasndu i uiesenivosaeens
. ' i v : > O PP {. 4 & v -
Maulnivnass  MMran1s91a89nsIAUAUASIUTANIIABINITIINIY  TIUDAVDINT

v Y 4” d’l =] A !l.':
295 IminasvuinlSeuanoumsyuees Imiuies

=4 d' as aa
2.3 NEHYNINVIDIAIABA.
2.3.13903WUMUUSUING (Ripple Counter)

v dy a 3o v ] ] ' P
l'ﬂu’Ni]ﬁlllWllii’l'l—!ﬂ%fﬂHllﬂiHﬂ‘lU hedomseonuuy wulugln 2.8 Hu
P PN a ar ‘J: ] Yy o [~1 ° -~
1NITHVULUSUIMa  gwnsonuladeua 0-15 Ussneuay wanddndeldmau 4 7

Tagsavusuazialinuassn 17 nlmandaddsethiunnadwiey



—JA

QA

QB

QC

r'{ogqpau'\’h

| ] I I I

H ar \ ~ o L3 a
51M2.8 1eWUUDVTUHAT MY 4 La

a < . .’a, Y/ ara 14 4

HauWFer A nlRsuaniznng afuledajanaudulasusin <17 1 <07 uaz
a < Y ~ 4 a o 4 4
WaUWdey B ganszAulasdygnuesninaaddddael A szulGeuannzide
o 4 ° - a =
duanauosniin A nlasuna “1” Tl <07 uaslwimesduriundynaed cuaz D

1 14 ’} - T = \
wasuannziognnizqulasdyapunieenuisndliaed Buds c

2.3.2g1nselumawa

a a iq ¥ : '
ginsaludawmanogUnsaididansefindh 19n/aendgaamia i ldnlds

A Y ° a an dy y o
uaoenie lFaInITiUnNasInvessuuATasa gilnsail Kw':mmszﬂu,‘uad\ .
a Y T & A . . !
asdnlaunnasa laleaildaias ( LED 30 Light Emitting Diode) 1s3laloatavias
7 @24 (7- Segment LED Display) Lazou ¢
o 1 & ° 1 = o []
uRliEasdatay 7 d1u Ao maiuonlaleanlawasuiseriu 7 @ Taglu
] [} A v A Y o1 T < 1Y) K 3 =t
uAazduAe LED 1 i1 dedeens Iidaulaginftouussiuldaseundaniu 1 2.9

Heraag s NNAz FoUBNEIUANY

£ b

-] c

-~
||
e
l=' L) d' | 1 “ ]
5UN2.9 1T NuBzFEAIUANY VOUIRIIAANAAUAY T AU

1516+ 021295



16

2.3.3 29038 UHAR A (Oscillator)
Yo . ¢« A o - ¥ 1 >
Tanmsiwervesiuiadgyanunad T lelunauang viame  Tuuwesi
y e« Aa P a a P ' ad Y
ﬁ'lﬂBQﬂ']T'Nﬂ‘iﬂ']luﬂﬁmuﬂal'lfu‘ﬂ‘lﬂllﬁ':ﬁﬂﬁﬂ']WllﬁSlJﬂ'T]lJllullﬂu‘UﬂQﬂ']'lllﬂﬂﬂ'T]\lqsl
y e a o dq v a a a ' I v q¥ 1
1uﬂ'15"d5"1\1']\1'ili'ﬂ']luﬂﬂ'muﬁlu']ﬂlﬂ‘lﬂ'Lli'ﬁ’ff'nﬁﬂ']Wllﬂ:lJﬂ']']Ulluuﬂu’ch\luuﬁ'llJﬂ‘l‘]ﬂlYN

“ o dd  a o A 4 a
‘\lﬂ\lNﬁﬂlﬂuﬂ’lﬂ'luF}llﬂ')'ll]ﬂﬂli’]liﬂﬂ’ﬂ WITAUUARNUAUVUNANATON

XTAL

v N\
oot 0

- AAA—ANA

d‘ ° ) ‘:‘ <
ElJYl 2.10 WITNUUAANUDIUUHANATON

23.4 WITFANNINNOF (Schmitt Trigger)

v b d
o a  w . . ° Ya
dyqnauNsimiueelveuNIY Rise-time) s1uNLAzo 9 ATy Ty
aa v A a | 1d J . a a’ﬂ v
nesAInsala 11U Inauunnueanaz NesHalWas thiudyaudunan o
Yy . =Y 1 1 ° = . 1 t:i 3 ci "’
ason 1 leFegludnmaiunuuunenan (Active) Tutnszoznamdunga 1w
] o = = . [ ] L= o
wydauvesduveanauduiniuiun  mazmansvinueglusiueaanunuiul
o & a o . o 'y Va 4 o q ¥
pvld NI UNIUNTONITDBATAIATU (Oscillation) st TuneanmsIviaavu  ¥irlv
’ a a a al 4 y o dA A o
wwemanoenuunadanata ) Tunaee asaiunisezasvivfemalasudoyn s
lﬁ'd d' [ 4 Y a d‘ a ar ar -
numsilasusinmg lmnamsasuiladss TagnsannnssAllTIAY NITATIN

o . “ & a ' a a 7
'n'n']\r]u‘luaﬂ}:lfu3“15&ﬂ111\1ﬂ5‘5”ﬂ“5ﬂ1ﬂ83



I
A
Y

d' = a L4
21.'1’]2.11 MNITHUNNITNINDT



UNN 3

ﬂ]i@ﬂﬂllﬂﬂllﬁzﬂﬁﬁ‘%ﬁﬂ

v an Ya Ve o Y ad a ¢ Y Y a gy
114{]%%.UuuqﬂUﬂ'lﬁ'll‘ll\l‘\l“ﬂﬂﬂ']\lﬂ']ﬂﬂlaﬂﬂiﬂuﬂﬂqqu']ﬂ Yn\]ﬂ”lup;llwaﬂvlﬂ
o a o ¢ Y 3 A
WUWUTUﬂWuTﬂmﬂ‘]“Nﬂﬂﬂﬂlm‘i’ﬂ\iﬂulﬂi‘lﬂﬁzﬂqﬂllﬁ:i']ﬂli')'nqﬂ
3.1 'alﬂﬁﬂw‘“ﬁ\iﬂ'ﬁ@@ﬂuﬂu

2 .
3.1.1 MIVOAULILDINANVUUU (Bottom Up Design)
= a a o aa e A '
qusluﬂ'ﬂﬂﬂ\li]ﬂ‘qnuﬂ'ﬁﬂﬂﬂlll_lU‘lui.‘ﬁllUﬂ%ﬂﬂﬂﬂzlﬂuﬁﬂﬁﬁl:ﬂliﬂﬂ'ﬂ “ s
v B v a Y o v ¥
DONULUIINANUYUHLU” (Bottom-Up D&cign) ﬁﬂﬁjﬂﬂﬂlluu%ZISUﬂNﬂTﬂHﬂﬁ']‘UG\'I'IN
Y q¥ o s g 7 o0\ ' Y a ¥
lla']alWﬁﬂﬂ'ﬁYl'N'ﬂQHQIIU\IUOﬂlﬂH‘NQﬂ%uﬂTSﬂ']\111191']\15'] Hadsuauoaonllyy
A v &Y ¥y y 4 ] 1 b4
llJfJ‘lﬂ']\lﬂi'ﬂ']lJ'Vmﬂxlﬂ']‘illﬂ']i]:ﬂfN'H'IQIJﬂiﬂlu‘mig'luﬂ'l\i"] U IC 74LSXX lﬂuﬂu
a . o AR ° 1 y ' vyd ¥ A o
lﬂBN'IJJ'I‘J'EN7UWQﬂ‘Huﬂ'ﬁﬂ1\ﬂuﬂ1\1"] fnulllfﬁll']iﬂ?nQIIﬂiﬂ«ﬂﬂﬂﬂﬂ\lﬂﬂﬂl’lﬂ'ﬂﬂ‘iﬂﬂﬂ
] 3 b Y gy a
lll]ﬂ\l']'\‘lﬂi’sh’lll llﬁ:quﬂluqﬂﬂ']ﬂﬂﬂﬂ\lﬂﬂﬂG\W'Iﬂ'N115'07\1
A
3.1.2 MF9NUULVINUUAIANS (Top Down Desing)
o~ ¥V c; 3 dd‘ ° [] Y
ﬂ1ﬂﬂ1700ﬂllﬂu1uﬂjﬂlaﬂ 3.1.1 llu'luﬂi'ﬂl'ﬂﬂ"ﬁ‘ﬂ'NTH‘UGQ'Ni]ivlllﬂ?\iﬂ'm‘llﬂ
. ) e fg A ae £
ﬂ"lﬂuﬂﬂﬂﬂ\lﬂﬂﬂllllUllﬁ:ﬂi:ﬂﬂ'ﬂ']\mi‘h‘mﬂﬂﬂi\l HFIVCIHUNVUABDUUALATEUIUNMNST
[ L] ) y L 3 o 1]
mnm’:qwmua:‘hmmmn ﬂ\luualuﬂ"liﬂﬂﬂllUU']\Wi"f‘fllﬂ‘lﬂll?ﬁlJ'li'ﬂﬂ‘.iﬂﬂﬂllUll
an Y a o sy ~ Y °
531]1Jﬂﬁ)ﬂﬂﬂvlﬂ‘ﬂ']ﬂllu'lﬂﬂiﬂﬂﬁ\ll‘llﬂ TﬂU'Jﬁﬂ'ﬁ'l'llﬂuzllllllUllﬁ'lﬂﬂﬂﬂ\lﬂ"ﬁﬂ'\\ﬂuﬂm\l
3 a Y a a a P 3 o
j‘ﬂuuuuuﬂu(f]uwwa% HAInNvY9q lW11Wllli"wi'zlﬂUﬂMOQ?:UUqﬂﬂﬂZﬂlu m‘lu
S a4 . o y Y a ny . y.l et o
llﬂﬁ:ﬂluﬂﬂufﬁﬂ'ﬁﬂ'ﬂ%3§J']ﬁ'ENﬂ'ﬁ'ﬂ'N'l'Hﬂ'lUslﬂﬁﬂ'lﬂll’]ﬂﬂﬂlﬂﬂll\lﬂ Yl'ﬂ'ﬂ l!llT'Oﬂ']’cT'n
. a o /a s A a < Yo e o Y -
‘j'l]%:ﬂ'l\ﬂuﬂﬂ'lﬂ‘(]ﬂ‘iza\lﬂlﬂﬂ ‘D’\llllﬂﬂﬂwa'mﬂﬁ’]u']iﬂllfﬁ‘lﬂﬂﬂuﬂ R lGRRRIARIATET
wldasgdnsalafamonds  mseenuvyludnuusiisoni « mMsosnUULNINLUAY

4" (Top-Down Design) Faara1luntsiaunlaunn
oy
3.2 35N1T89NIUUY

¥ 1
AMIODALLLNITUTUAD UM DEALYUAUIAAL UM 3.1

¥



19

4

a =
TINADINT

]

MAUANUANHRIZVBINY  |¢

1 1

fiMun ALGORITHMS
MUANUNBINSUATNNTBU

S5

° k2 . -.
ﬂ'lﬂ‘llﬂiﬂi\'iﬁi'l\iﬂi?)ﬁﬂ']ﬂﬂﬂﬂﬁiu <

< msnagaUaalnunI TN mﬁ e

fMruagIsaLns

PonNNUL, a3 1NlasNAToU
—
CUSTOM 1.C.'S
ELRIBGY agwﬁ%;mmn SEMI b
) 4 ‘
CUSTOM LC.'S s

rzmmmu,a%ﬁmazﬂﬂaavﬂﬁwvhaq n
STANDARD I1.C.'S s

e
Fg.

T9AAAZa5149 P.C. BORADS  jl¢—

¢

s

r.4 T :iiv = Y ) Y
ﬁi'an‘mﬂS’ENﬂﬂlﬁﬁﬂ\i%‘liﬂﬂuﬁ:ﬂ’lﬂ‘l‘iﬂﬂ

TURAIUBIA ¢

?‘é}
8
7o ‘§ ° v
< namoulanfumaiauieg Se—e—
RN EIIEY

w
=
5

WM IAZ TSI ZUUN UL

N asnaaoUssUUNanS s IAINTSH

4 J
517 3.1 Fussulunissonuuy



20

14 ¥
o v 1 y . [
MatunsusInais laienmsivesnidu 3 daufie
a ay
- ATOOALULINITNTOAINABINT (Desing Entry)
v ay ¥ y . .
- MIasNMuN laoonanu 1l (Design Implementation)

- MSNTI9AOVUNITBOALUY (Design Verification)

3.3 NN999NULILINITAIIA

a v Y o 3 a a ° .’,’
1n3smseenuuyluive 3.2 dAntuludSyaniinusseimuaseniuuesi
o

Yoo [ ' o v ::
nalaelainmseoniuuvesduia 1 $eanazannsolfullniiunsdway 3

] y - v P’ I'd A v A a a o Yoo
godla  TnufnuanisoontuunlsronniasyeusEnItaosnias lyaed laslyas v

v v

v Y o o o o 1 ~ Yo
Yo 3.1.2 uuﬁ’m’ﬁﬂﬁmuwmumsaanuuuTﬂumﬁwavlﬁm‘fmnaﬂmuﬁm"lﬂm

U322

3.3.1 TORMHUASIHAZIDYAVDIINNSAIAIAT 1 YOUa 3 Yo
s )

o - Yo a Yo da
MWITANIBT 1 ‘Ifﬂ\l'l!'lﬂ:ﬂ"lﬂ'ﬁ'UﬂﬂllllUqﬂﬂTﬁuﬂiﬂﬂﬁzlﬂUﬂqﬁﬂ\luﬂﬂ
° Y ] 1 Y-
- llﬁﬂ\lNﬁﬂ'liﬂ'l\ﬂuiﬂﬂ‘hfﬂ’lull’dﬂ\lﬂﬂ 7 ﬁ')uvlﬂ

. Y o
- uaaawansinulaglsdnmsaunu

v

o y ° ' o~ o
- TNV VIUIIDNMITNINIUTICHININBTUHLLLGSWNITANIN

3 y.’f A - 2 o =] a =
- ’l\l‘il‘iﬂ’llJ'liﬂﬂxll'Jﬁ'lvlﬂﬂ\llm 1 IUMNMIUDY 23 ‘lf’]TIJQ 59 UM 59 UM

td Y

M o te 1 Y 1 °
- usaanaEusoaauy lidvuaar lasunnesiinsinasy

b o vy + a a = o at a a
- 195uas oy lanaa 0 Tumauna 23 $21u4 59 WM 59 N
- Teiadmugumsinnu 5 dind

y y v ¢
- aunsoasn lanleglnsal FPGA
v
o y [
- AN0AUIa 1A 1 ¥ea

v )
&~

v o v
- 1oAa1 HANTNIS19ZAIIAIBEATENT UIN

y

£
b4 T e v o w e
9U0ﬂ11’7li'mi"ll]'nﬂ'lﬂ\lﬂ\l'ﬂﬂﬂuu
o
y v v v

NITAUNANAIAT 3 FOUMLBUAVINDTAAIAT 1 ¥D9 ANAUNIITINITOAUIA

1@ 3 ¥oq



21

P " ° Y. P P
517 3.2 AansvuvesnsoeniuuNeg Ine lasevinias

«“

YousEnITandnuazvouTn laden

Symbol
Library
l\flewdraw
Symbol
Library
Viewgen
\ 4
SI‘):B:;:‘C MemGen
Viewsim g Alliance
WIR File X-ABEL Partner
) 4 v J
Functional WIR file l—» XMF FILE
Simulation
XNF Merge
DESIGN ENTRY |
DESIGN IMPLENTATION l DESIGN
VERIFICATION
XNF File
—
I i X =
lXNF MAP
v
MAP Fi XNF File
Eis with Delays
Mag 2LCA
;i XNF2WIR
v
User - T LCA
Placement  {~» APR EditLCA il WIR File
Constraints (XA[CT) iz Eile”
MakeBits .
Viewsim
’l(xm) v
. Timing
BIT File | Simulation
MakePRO |
XChecker
(XACT) i 2
Comfiguration .| Symbol
PROM File "| Library |pgsigN
COMPLETE



22

3.3.2 AAN1STNNUUDI405AIaT 1 Yo

s 1] v []
AINSMIUYBINesAInm 1 $eait lasonuuudumaasladegli 3.3

o ] NI ] HEWU arsnedamibith
NITUY ey Wlnumey Eammama o ]

. 4 \" 'ﬁ
g3 T O >
| —»

BEATRANG BYNR
A
- >
soieia 2995
i Pl fnm
-

1

i > m P hlimamasm

14

511 3.3 AIMFINUYDINITAUIAT 1 T3

P a o - aa A A . a o
ﬂ'lﬂ?;lh’l 3.3 UNTTVMIUAIUND lllﬂ'ﬂ'm'ﬁlﬂﬂlﬂifN'V!ﬂ'J\lil‘iilenﬂ'ﬁﬂ‘Ifﬂﬂ')lﬂ\l

v ] v ¥ []

o~ s A a ° o~ 1 b4 o 2
NMITATIAANLDZHAAANNATUN 3 ANUDAD 1 Hz dmsudielseniuime
y . A Y a - o ' v o A 4 g Y
T udyauuiinmendalumsiu anud s Bz szswlidunessananneviinlu

v

o~ Gi b4 o a . 7 o v d' =)
NANNADINMIAUIAINTENTY 'NﬂiﬂTﬂuﬂﬂQﬂ‘]ﬂlua:ﬂ']‘illﬁﬂ\lﬂﬁ'ﬂzal‘lﬂﬂu'lqﬂ?ﬂlﬁﬂﬂ

v

v ' y - y S «q ¥
1ﬁllﬁﬂQNﬂlﬁuﬂ']‘UfN'Nﬂiﬂ\lnﬂjﬂgﬂ')\lﬂ‘fun llﬂ:ﬂ'llﬁﬂﬂ?\iﬂiﬂ\il']ﬂ'\ﬂﬁﬂ']u'ﬁﬂﬂ'ﬂﬂ

y v

o

o y 3 o [ {
mnmueanesiinmld  Nesmuguusesinmeziiuwinaiaganeg Noonsn
4 a Yo o v

meusn FPGA motowdudunalviny FPGA  esmaudawmaszimihiuaama -
S v y = 3 o

Tagld drunanana 7 dam TasmsaunuTagldnnd 1,000 Hz  wesdararsziiuda

< 1 B .’,' y v ~ . @ = . P a AL A

NUAIAMA]T dUveI ey IMSHUAMND 1 Hz 49AA0 1 IUmiued 1o

. .’,’ < y s a . ') 1 e 3 14

ymsaaranassas eniuFrianiumiduaesdna taesTeumeue:

v { . q¥ .
Tinwanamioni lvsesmaedinangaiiny

o Yo .
{l’lﬂ§ﬂﬂ 33 li1mu1maaﬂx1uu'ma'"lﬂmgﬂ‘lumﬂwmﬂ f



23

° Yy e 4
vinnesmaiuiugllumeanuin o mseonuuylaglyyerinas vsM uas
. o o P4 PN a Vo . o
mssulidnily ovD lugenriindiaedn uazlsiaumse (Viewtrace) (Husuand

[ ¥
HaveIdyaNMANg A luzUN 3.4 YBINTAUIAT 1 FBY

aLxs AU AT

CLKS [ N O ) O

ClLK1

cP f

~CLOCK _[ 1

Y7 p 1

Y6 T

~Ys g |

.k : T T

Y3 t E i. i H e

w2 ] S O

-Y1 R

Y0 ¢ TITUT W W wr

a3 [EN] 1N

Q2 N N | ~ .
o Ty 6

o I R LT [

t 4

: Y o T v '
zﬂﬁ 34 Na‘UﬂQﬂ'ﬁ‘I‘B'J'Hﬂiﬁ VLUAANTUYIUAN] YDIWNITAAUIAT 1 ¥4

3.3.3 H4MSTNHU9I999A9Ia1 3 Yo

Y [l

o . > v du ¥ & Ve o
HIAITNNIUYDIWITAUIAT 3 ﬂfﬂ\iﬂvlﬂﬂﬂﬂllUU%uﬂWllﬁﬂqqﬂﬂ\lzﬂﬂ 3.5

P = o v A A o a o
%’lﬂzl]'ﬂ 3.5 UMINWIUAIUAD lnﬂlﬂﬂlﬂiﬂ\) 'V]ﬂ']\lﬂiﬂzﬂ']ﬂ'ﬁ‘il‘lfﬂﬂ’llﬂ\l 1N

L4 v
~

- s a a 4 { A - “ 1 XY o [}
u'l-l'N'iﬁﬂ']luﬂi]:ﬂﬂﬂﬂ')']llﬂ%uln 3 ﬂ']'llla 0 1 Hz ?f']ﬂiﬂi)']ﬂiﬂﬂl]']\lﬂiuﬂ HAIUANY

v
&

i e u 2 . Y . q ¥ a o It v v S e
3 5Hz ﬁ"lﬂiU']\l%iﬂ\inﬂ']nﬂ‘b’ﬂ\l lWﬂﬂ'ﬂﬁﬂi:WiU YUZNINTAUTIAID N OINTAINAN

o ~ 4 [ J a { o~ .’: o Y A
lafnAadindM9esIaonndn  JUATIIZATINSUNUEANTH  WITMALAAINAZYITVIIAN
Y ] Y d' 3
uaasnalaglsdnuaasna 7 daulasnsaunulaslenug 1,000 Hz 1M95danaes
v & 1 a .’,’ b4 1 o ° - = s Sa v a oo
dugnfuawramae]d  diuresiussiimsiinnug 1 Hz snnananIuiniuies

A .’: < [ & [ oY a ¢4 b v a °
lUUﬂQl')ﬂ"llﬁ?ﬂY}ﬂ‘l‘fﬂ\lHiﬂlﬂW'lz‘if'ENYlﬂﬂ\lﬂ"ﬁ llaﬁﬂﬂﬁ']ﬂ‘lﬂwﬂ‘lﬂ'Nﬂi'NUliu‘ﬂ'N']u



24

A Y " e [ =t 3 Y4 Gl IS y 4
Wemluneniuniiunauesresndairedla 2enloumoue: Iiodwaidlu <>

! A o g ¥ .
fvssaununRAiior eI MuguIeRRaMgAYY

~

. I e o ——pt NI .
wesmuiiiy | | wenly P nfuuion > mugugtniolirihia 1
. 1N
| A
S -l > iiib]
el P dum
’ ¥oan 1
¥ mj .
A by munugilnsellrivhaaf 2
[ P ¥an2
= 1
NETRIML
9401
5 P AuIm
> ¥oM2
il L
idosomin 7 iy » gl 3
P gan3
=P a0 f
Pt dum
_* Y3
3 177 l
100082 -
Ly Ly Wimaumaa

MAUAAIAD

v

517 3.5 FIAIFNNUYBUATOIAAUIAT 3 FOY

d’ yu
91019951137 3.5 I:ransesenuuues ladegy lunamuin o
- y s 4
nnesmavinmlugilumawun v myeenuvyTaslygoriiuas vSM uas

. - I'4 Ps LSy a bIY o~ o~
fmssuiid  ovp  Tuwewrinsiaeinuazldiimsadluduannavesdaynnn

v 1

-

A9 YBINTAUIAT 3 309 Aduamlugn 3.6



2
-
[ woww
JITITTEITY
==
E
—————

o [ I

A4 Jia DL LN L
-T2
s T

T 1

po——
L "
2 =

TR

8 3
7

[N L
S | N R] AR EAN
@ { LT T
a4 [ EEERAN AR
0P
0
0P

N M M A A & &M

[] L4
=] v 9 ' o~ 1
51 3.6 HAYEINIT IBIINTAVTUAAITYYINANE] YBIITAAIAT 3 FOQ

3.4 UasnMI18819U83 FPGA
£

. - lq Vi g o ° " [
dmiuveianldlumsnadeuieesdananiu  sxvinuuuuyesadlosnves

FPGA $avyiims TisunsuriumuamiTnaniailia (Download Cable) iaaasiagin 3.7



26

N

: Frgsa0ades il
a s
Y k] M;a 1 ﬁé’:ﬁ_
T T
i
i
¥ = GO0
. ] — [ —_—
B mm: _— |__| I_I — I_l I_I
= —_1 =i 1_1

511 3.7 2199598905 AR08 WUDI FPGA

> 8
J_ cad K
=  pore O
oo O+
sV rroqCH
e R ooy .
e~ § el i —
r =h 'i —
k] swr [
Y iniy s |1 ‘am. A
H 2l e (]
) v [ H ompt 9 s
. XC4005 et & Y
a seTswil
-2 ¢l
2
[a}




UNN 4

NMINAaNATHANIINANDS

4 4 o > 4 1 G wYe . Yo (4 4
Tuuniazyimsnaasungifiunesdnamingesd ladamisgin 41 0
EY - 1 1 3 ' [ '
ABAM 1 FOUNTIZTINTMINM 3 Fotiuralnajun hiannsaTsunsuasuu FRGa
4 Y o O a 14 s <t ¥ ’ e
w8y XC4003A 1n AuiusansaTilsunsuasuu FPGA 13 XC4005A teezla uaumsil
b

(v voict [ dy Y o .’,’ < Y . o~ [ e
uq'lnuaflnmmmmamvwm’lﬂ muuﬂmaqmmswﬂamﬁ]mwsmnm 1 ¥OIH

a5 TUsunsuasLu FPGA 1105 XC4003A 1o

~ -\
FPGA DEMO BOARD
XD LZD3 LED) LED4
® ©® & ° ‘:___1%‘ g
i ro | [ ] — ® ool ry ":—1_—:1 b
il SOlallolollolal 2
{5v] L el L L e} I} I} = SElrromrc ‘
swser| L] 2l |
X = o
z s | IS El PROG | |
CHANNEL 2 X = |
— K = XILINX
coumn| [
. h? P~ 8
stop| L® IR R N |
i
{
CLEAR !
DEILAY DILAY DZLAY
1 2 3
XK
LED3 LEDS LEDT
\ i

517 4.1 VOIARIDE 19BN FPGA

o ) ¢ d
4.1 Tumdulumiaaivdssnilszneu
o .« o 4 a ¥ v o
ndniuasumsnageuTasTusunsuadoSousoouar  nazdumisasae
Aou9931Aen1IANL INana U LB ARID819YBe FPGA @emsvinly FPGA vinau'la

w ' b K o .’,‘ Y ¥ a
ﬁﬂa’lﬂllﬂljﬂﬂﬁﬂﬁ']']ll'ulﬂ'] llﬂﬂ']ﬂi’ﬂ'\luﬂ0'Hﬂ'ﬁ"ﬂﬂﬁﬂuaﬂ:iﬁfﬂ’naiﬁaﬂlﬂlﬂﬂ



28

(Download Cable) tHusrdeesrtsenouduiluiinaniulviu FPGA XC4003APCE4-6 &4

% -’1’ Y . Y 3 1 o 1 !
wiihuMd BIT Haduneumsain IMdaunsomlamudunousne dedelil

o dJ Vaos
4.1.1 msmriuaensenoulyny XDM uay XMAKE
Y
14 XDM ( XACT Design Manager) WU XMAKE asvimsudaeldsunsudiu
* Y] o b °
awq Tadn TwiaTaslenszuiunisues Xilinx (Xilinx design flow) 1HMTYIINTZUIUMS
S e o . : 4y 4 g 2
ponuuuniddugugen wulumsriTusunsuniaostlouselusu evel) geqaues
a y v . y . S .
aauumAianmall 141 XMAKE szviinmsauniaznssimng sunmaivesnisesn
; ¢ { o o y Y
10U (ower-level drawing) 599z 14 IMd LCA fivmssaranaznuduniauas uaz I Ind
i y L]
wdna BIT 80AUNFINITONNIZATIM Iana FPGA
Y ° ° 7 Yo . Yo d’ld
1% XDM vinmsfnuaeenlsznouniu XMAKE szt lasaife

1. g Tlsunsy XoM

¢ ¥
aad o

v daddas o ol &
2. a51veeu lasanesnaelyr  luniinnsda PROJECT laisanestues vy
4 v v Y o mYe Al'yyl..u vy & 4.
uerAnyuaNAMEsUIten 0189 hiladmuansedslrhignaseInadniDirectory:
¥ s A ady
wazlwundiann laisaneinasans
o 2 & v Y Y g &
3. YAIARAUU Family : NYUANAMUGIBVSFamily NIUTINGFAUTIANNITD
a v ad A ‘ 7 \S ¢
donla lunilisuaon 4000APC84 dmsu'Wa P11
'4.%'Iﬂlm;;ﬂﬁ'ﬂ‘110~1 XDM (790 Profile => Options => Xmake
< y v '
51300 -V (Verbose message mode) 4% Xmake ﬂ:clﬂﬂ‘vﬂl,l‘ﬁll’dﬂslﬂi:l)’mﬂ‘ﬁE)Oﬂ
Huy
d' -~ ! ar
6. 1397 Done => Done INDATUFINYHANYE XDM
o < ¥ ¢ dyn Y (4
7. MMsiAuTeYa (Save) Nnodwi tnldouliTagiaen Profile => Saveprofile =>
& . s ¥ ] o .
Yes Faazviimsinuvoyaluye xdmpro asudadidlunsesnuuy (Translating the
Design)
dy Y o . o~ y v 1 ° z a ! dy
Tuyazit Imimsimuassuiingraduliuas dolivimuduasusvde T
- <= y o
1. 1a9A Translate 921/51AYIUYVON Translate T9LTznoUAW 11 T1INTUVD Xilinx

a4
8AUINUIY



29

° [y s A4 Y o 4 . ' o
2. Mma)aelasda Twin Tauidon XMAKE (@24721a00 (Options) A199) N9
Usng
e Yo a dAXuy v & aa a a
3. lumseonuuuiisies loduaenna 11l xdmpro AniUTUABAIUADA Done
Y aa - .
udr lasanosmiluuyfezilng
A e dy ¥ v daa A .« w.
4. 1won Iasugeganlaesnuuu’ll luniinei@en PI1.1 dm$1 4003APC84-6
¥ o & o ’ v a
Wioy Select target : nezisiagirezasnmsilasnauysei lasmsaiaiuaniy
(Bitstream)
5. 1991 Make bitstream
Tusunsu Xmake sznszvimng Ildlumsesauuuisuiluiazuaainnuay
v . A o v
WU (Himsi)auaTe Xmake vziansvonnuiu
‘pj1.bit’ has been made, check out put in ‘pjl.out’

6. najulag Mondug XDM

4.1.2 MINT0T0 VNN 1WAUB Xmake

Y '
Tunssanudun1vg Lea uazvidaansy g BIT Wy Xmake 0219 1WdN 47
o
Whuduuen 3 dae

v i y
1. "M’c{ .OuT ‘D:Uii’i}‘llﬂl!ﬂﬁﬁ‘lm’l (copy) DINHUIVDUAAING l‘a"lﬁ'm‘ﬁﬂﬂﬁ"mﬂ

LY

a 2 ¢
pnnsenn g .oUT
’ g osel a4 o P v 4
2.8 PRP  oziluivdnswanuforiy DRC Ngnasniulag  XNFPrep
Y a . & A . - e o
ATIVADUNUVORANAIA (errors) MIOMTIABU (wamings) NUINE .OUT Avzauisn
v P de &  a a . dwYenva ¥ y
asvaeulannlddl  usnnnideesureneanInanIn (ogic) Nlan1laseusosuan
a du re Y y y
nazaodnnlusuiu TWdtawisnldntiu Debugging tool 18
% s “ & o y & v
3. IMd ReT anfuWdfiswaunadnivoen1ssaranastuduni Feesaing
[l v
TagT1l5un5 Place and route 3101511 PPR llaz APR 9:U0gAUATZAA (Family)
n1sAsaedouIia .OUT  PRP uaz RPT lumsoonuuy Tasniynanves
- . . - oAy v g Y v
XDM 1a0n Utilities => Edit taziaon Iianasinsmsasivdouidunin lassauuy i

1l XDE (Examining Routed Designs With XDE)



30

14 ° v
ausmimsesnuuuauysel EdtLCA IuTisunsngosues XDE (XACT Desing
. «q ¥ Y 4 v iy ¥ v
Editor) 3z v wing Tnuansmiameii1 11gn1s Place and route N lnsenuuy 13
. Yo a y ‘o q ¥ Yy y
XDE uaz EditLCA Tavmamion Pivawilandulmsly su assenuuyaie

. y
fllﬂ ﬂ'lilmiﬂTWilJ‘UiNZYnﬂ'ﬁﬂi"]ﬂﬁﬂmﬂuﬂu

3 £ 4
4.1.3 MSINIFHIIAIVBINITORNLUY (Design Editor)
v 14
Y3130 XDE 910 XDM vimuduasusae T
1. iwamiiuy (Pulldown Menu) 1300 PlaceRoute=>XDE  IUYA2130N9Z
9 iy ¥ vad ¥
Usinguazduasnilafmua’langnaes
A
2. 1480 Done
e vy ¥ ¢ ¥ o 124 -
3. AANUU Mode Taelauaneveannd ualuyduasnued Safe 130 Expert 1T
Us1ng
g A Y
4. AANUU Cancel N0 1v0g U THuA Safe .
dy Yo YY + ¥ 1 aa L4 . A A
5. Tnaavesh lamsosauuy Tngnunaadanes (editor) Tnsiaen Desigas
s <
Haarimynezlsng
o & / o Vv & . v ’ <
6. vaimsiaenId LcA  Nozlylaviaen Design nauyvodla LCA fay
o Y v a : oy iy Yo Y a y
Using  Tudnvaziezidenlames IManoigadunim lada i luIddinannnsly
Xmake
& a g a4 a & ¢
7. /oA PI1.LCA ¥nez hhlsngnusnauaasdaizimilsnonuiulay
(Commandline)
¥y
8. 191 Design Editor Tauidaon Programs => EditLCA
dn Voo b4 a d Y t1an 7 Y
mseonuuun lniT Nz ugnisenngdames g lannuounaaaanIus (Status
. A oA / y v o
Line) Noginionsuuiud laviiazezlsingueninuaai
Loading die/package file...
Loading design file...
Building pip drawing information...
Drawing Screen

Timing nets...



31

v v 1 v
nmiulusameiazsngiudadtugiil 42 Slushmeiusziiunsmiiln
s o A v W, ¥ sy 9y o
vodhld  Lca  wamnsmviaisiaougldlasmsnaiudneveandaluaims
A P b4 2 ' - & . '
Aol uig Asasg FyUERYEIIBIZUTINYATBUAUAY FIVTUAMIAUHU
flaguuugunsol
aa < ' a A 4
lusamosaziudency 2 viln Ao 10Bs sxulsngRisouq giinsei uaz CLBs 9
[ = A Y 1 v e '
YsngludaunaeFunaunsoiaonhlgseuq la 1iuri1n15 Place and Route ptn s

A ' o ﬂ'
Tuginseinsiyoursvidygazous

£ [ S A
%l FITLF FILi %}
19557 43 Hosest
FLI1 /%t 1N50
(T1AN ]
q r bS] ]
! y ) N el v —
7
3 I 6N £
L1118 TIi7% FIlL A
11211, 117278 LIetist
E1N7Z9 756, 1NES6
112/% L
1 LHLS | o R LI i+ S PR - R
2 57 o, gdaq g ogoad
Hogdadddgdgagd
I [ 8 [l g daddagdadd
Mggggaagdag
fNddgdddgadd
= : Woddddadda
& P dddgdjdLdqa
)\ wgdeggdldgda
%1118 = FLI1 /8¢ st gdaaanlg g da
1T211, 3781 Y- L1 12
%11529 3278 A edaddaggagad
135 ) 239/ 1 I o AP P RN

311 4.2 M9 XDE EditLCA, XC4003APC840

4.1.4 MSTAILHLUBIVEDN

. ] b2
1F1EUTOMIAUINUIYDN CLK1 'lﬂTﬂU

1. 180N Screen => Find

V1
~Ad o '

a /& < / / ’ >
2. Wunys CLK 4 ‘]Nlﬂ071‘535VGQIU'Iﬁﬂ'Jvlll‘Iﬁ'lﬂ'\uﬁuquu

A o v
3. lgﬂﬂ Done lWOUOﬂ%’lﬂﬂ'\ﬁ\ﬂHﬂ”ﬁﬂ'\

4.1.5 msaHlnaalagldiysunsu XCHECKER



32

4 y g 1 .
moisla Mdsendsznoveenuar TunousnslUistezvinisnagouTaunis
o a =] 3 d' ° A v a Y o &
a1 Ivanlinaasy (BIT) vuaeld  ineviimisnadey  ededsmlainAunTes
a P y y ° o vy .’,’ 1 d’
ABUNIAANDTITILTBUIIRTD AINITANINTAIN Inaa lantetuasuae 1UN
° :: a L S o ' Y ¢ =
1. inmsdsaingang Tuysiniietnues FPGA Taslveg luuuvesaian a9

Y. .‘,’ a L o~ d’ld
A mranuny 1a lnemsAaIngan q aell Ao

SWITCH (DIP.SW) LABEL SETTING
3 SPE ' OFF
4 MO OFF
5 Ml OFF
6 M2 OFF
1 ' RST ~ ON

[l sy
1591 4.1 MIAaIngaNe THyeTaRi0tevee FPGA

2. lu XDM ¥insiaeniuy Verify
P=} = n Y1 o ] a
3. 1a0n XCHECKER 4411511051 XCHECKER 9 lyannulutaazanita
A a ¢ ¢ A ) dla Pl
4. 1881 - Port <name> LATNUNNBIANYNABI luNTADNDTH COMI
& A = vy e
5. 1290 Done uazﬂauw‘lﬂanqnmﬂuwuﬂa PROJECT BIT

Y e a ¢ b4 Ya 7o dv
DIMNITNUNINNIDUUBITSUY 1HW1JW?N'H

XCHECKER -PORT COM1 PROJECT A
A . y ' y y 4 ¥ v PP
waisnsidmastngaasual  seEusassiiuveyala i ivadsen
DL b ie b : ] .’,’
XCHECKER PRO Favirlist hiduiludsedalminnasa
b2 a 1e v =Y
6. ausrlgai Inasninalunms Tsunsuflisuiuassnaaing PROG

v
' Y . y k4
7. An1ly Bnter Aanviims Tusunsulaauysel szlsinguennuiiuusenn




33

DONE signalwent high

1) 4' a v !
8. naijulaq Menduivg XoM
Y o ' A ¥ A 1 ' a
odeyeyim DONE 111N HIGH mastsdoumsiFounsssnin eeniia

LR t dy = . o a :
HazuoTnNIBeNUDY FPGA vl‘fllﬂtN ﬁ’mﬂﬂllﬂ:ﬂﬂm'llm'm’liﬂ"l’JuT’r‘lﬁﬂﬂﬂﬂi’\l

4.2 PSNAABIINWIAIAT 1 Y03

¥
AMNVUIUAITNAAD
o

1. aoaeand InamnilanuuosavesNesdaal UAZADNRIANDTHIUNN
WOTABYNTN COM 1

kd F ]
2. 110 I@saIndues lunesadenanstugiin 4.3

FPGA DIMO BOARD

XY

o [alalelaEe BF
A0 E [ ]
EIEEIE
...

coLvmy

FNEEEE

it} i J

517 4.3 maFoudsiussninAeNI NI A U9s IUYBS AR08 19YBY FPGA



34

[ ] 4 [V Y y 3 V =Y -
3. vnsudadidn@eusuiiases It vd BIT awsarin1alasds lun
Y o
UoNn 4.1
! ° y i 1
4. 119Y11mM 311 TMan (download Cable) HATUUIAIUUTAING T FIUVTUAA

111 00:00:00 g1l 4.4

NIBSEBIBERIE

U 4.4 drunaana 7 dauszuaasnaiiiu 00:00:00

@ ] 3 - o Q' P 4 v
5. manadounesiulasnally SW.SET indunesdufszsuivuazndiu
LaARaNa 7 dauosiidanan1siuen o Tdeuse 23:59:59 nazezunduuuiu 00:00:00

a .’: . o 1t d 1 ' A 14 o~ '
pnAse  uazvimisvude lansundtezaaiu STOP Melvngavy waznailly CLEAR

o Trnduiiu 00:00:00 Awanalugif 4.5

o e = WO
L _Jo_1_do_1_1
|

517 4.5 WS iuIuAIezingna STOP Se9zvyaiy

uazna CLEAR 92 Inuaaswaiiiu 00:00:00



35

6. MInadou1]y CHANNEL
4 1 . ” Yo ¢ ' 3 b4 v
- llJBYI’]ﬂ'li'%‘ltl"]ﬂlla:ﬂ’lﬂ‘liﬂ’nui'ﬁﬁﬂ‘lﬁﬂuUﬂﬁ'ﬂﬂ’mtﬂ\lliﬂniﬂﬂua’l
< ) a A o o o < ] ¥ v
MU LED] eanllas LED2 9sal ﬂ\IElJ'V] 4.6 ‘11\1llﬁﬂ\l’ﬂﬂQ‘luTﬁUﬂ‘UEJ\lﬂ'\‘i'HlJ‘If\l

x

e N R - Vo ¥
TuTnuanisiavisaviimsisuiuladeve s

13

I
_

@)

N
i

O

51N 4.6 woegluTnuavoans iy LED] v:@auaz LED2 9iy

° a ] 1 a o
- Ynﬂ'ﬁﬂﬂﬁ')ﬂ% CHANNEL 3¢IM421 LEDI Has LED2 9299 ANLAA
- = ' 3 e 3 v Y i 1 A
Tuzdn 4.7 FaezegluTnuavesmsdiardsramnsadinar lanuasams udhiqu

23 ¥3 714 59 UM 59 UM

LED1

LED2

LED3 LFD4

o @&

o O

|
J

11

1

!

|

e
LIt

L

1
/

v v v
57 4.7 weegluInuaveemsAural LED] szfuuaz LED2 9z@a

v 14 v
- WevimInaadiag CHANNEL a5 szegluTnuavoemsiusnasa

Az 4.6

7. MINATo U]y COLUMN



36

& a4 2 ' v e q Ve
- iieilainseensausnoz oy luTnuavoemsiutazmsiindniunu
ginsallWihnouenrinu
° o : 3 . PR t -~
- YmsnaeIngd COLUMN wilsnivesyirindiunanwwa 7 daulundn

FTungTnTuANg 4.8

1BAINANTENTY
200991

= =

< o) -
JUN 4.8 dnF Tuanszngy
. a ¢ = 3 . Y [ o~
- imsnaadag COLUMN niiasaesyi indauudasna 7 daulumndn

S | N
UIMATENTUANUN 4.9

slaknlalnln,
UL LU

d' [ ~ a
JUN 4.9 vdnUIMNTENSY

o a 3 .’: e Y ] o~
- MsnAaInd COLUMN wilanseesniivdiuudaasma 7 aaulundn

a A a o =
TUMnTINT UM 4.10

» - -
nanum

S mwesdeAnnsensy

c; ~ Aa = a
3UN 4.10 vdnIUMAITHTY



37

é ° Py 4 = .’f ) o o Y -
- ievhmsnaaiad COLUMN onnste: hilivdnlansznsuimy degin

411

@ wvyrwdida

519 4.11 Titindnlanssnsy

3 .'; a a a ° P2
3. MINAaoIRIIaT 1 92119 25 W 5 3w ansanlalae
d‘ o 1 'L Yo 4 - [] -1 v
- wenansaie Iuasanu Ivaalusunsulvduuesadlogrussusos

b4 t [ [ - {
uA9zUsngAUHAINLARIHE 7 AIUAITUN 4.12

BIBEBIBNEIE]

51U 4.12 drunaaena 7 daunaaeniilu 00:00:00

A\

A : .’,’ . v a o '
- ﬂﬂﬁ']ﬂ‘l.)" CHANNEL ﬂﬁaﬂim:m‘ln LED2 siqtiay LED1 aulldadl1

' o Y
agluTruAvoIMIAIIAT AagIn 4.13

1 ] o
519 4.13 LED 1 9zAud2u LED 2 vsandaeg 1u Tnuavednisauia



38

[ t' ]
- NAAIAY COLUMN ¥iease dautiaaina 7 daulundndaTuees

o o4
ATINIY AvgUn 4.14

BIBNEIBSEEIN
LILI LMol

S nuediAnnsznsy

< "y N
3UN 4.14 anFI TN Y

- AREING SW.SET MiNA5 daundana 7 dausstdauuay 1 1u

v w 3y o~ a - ~
nang TN oUAUNTENT U Aeg1lN 4.15

- - -
S wmnsdraanseniy

4 ' 1 - & 14 a
U 4.15 drunaana 7 dauuaanaiiiu 1 lundnda Tuansounszniy

N ¥
- ARAIAY CULUMN Miense dautaawa 7 daulundnunesnssnsy

[

Mg 4.16

NSRBI
U 1008 o000

© nu1sde Annsnsy

717 4.16 namnfinszniy



39

a 4 .’,’ ﬁ' .’,' Y agq YV I
- ARy SW.SET 25 AN mamnm'luﬁaﬂmﬂmﬂu 25 Un

AIULAAING 7 AIUTUAAIAIIN 4.17

M e 3 °rinr
Lol Jolil

S Huwdlannsznsy
a [ ® o a ¥ a
zﬂ'ﬂ 4.17 A3UlaaINa 7 ’d’mu’dﬂwmﬂu 25 1U"aﬂu1ﬂ'w7ﬂnﬂ73w5u

(] v
- ANEINY COLUMN 1iasy  duiaana 7 daulundniuines

a o (8
NTINIUMIUN 4.18

e Annsensl
a va a a
31U 4.18 MANIUMNTENTY

v ] v
- AREINY SW.SET 5 ase maaanarlundniuiidu 5 3um dau

' v A = a = b4 A o P
HAAINGA 7 ﬁm‘lunammm:uﬁmlﬂu 57UM W?ﬂllﬂi':ﬂi’l]ﬂdiﬂﬂ 4.19

M 1° °f7
4 22505

S et ANy
= [} ] _ o a a Y a
Ell'fl 419 gIUllaaINg 7 ﬁ']ullﬁﬂ\lﬂalﬁu S ql“ﬂﬁﬂ']ﬂ'\ﬂ“?ﬂﬂﬂi:ﬂ?ﬂ

¥
- ANEIAY COLUMN onnse o litivdnlanssnsy uasdiunanina

7 ATUVZUAAINE AQ3UN 4.20



M i° oy
0 2505

51 420 Tilivanlansensy

A 5 .’: a v .’,’ Y Y o
- AAAINY SW.SET 1iansd LEDS 9zAauandgoningnaoalfgy

.
e
N
ot

D/\ I:I/\ I_—J/\ %ia61 | | Swd2. | | Sweod
® O O

LEDS LEDG LED7

o a v w < .
E]J'V] 421 LED 5 92N T 0NN UIIAgNINIU

[ t4
- A% CHANNEL 11iaa53 LED1 9:@a LED2 vzAuiiaanneylu

TnuavesmaiutazdIMLAAINATZIAMAUN 4.22

e mrrne rinm
LI U Ly

511 4.22 LED 1 3z@ad74 LED 2 9zAuuaayieg luTnuavoan1svuy



41

[l ¥ ] []
- nATINY SW.SET nensa LED a2151iu91n 00:00:00 115089 auts

“ s 2 o ' 2 o .’f L IR a
01:25:05 LEDS 9aUUACTIAYITAN UAAMNUINNAULAD ﬂ\lzﬂﬂ 423

I:I/\ D/\ U /7 | mdt | | md2 | | Sied
O 0 O

LEDS LED6 LED7

- 74 P
3U% 4.23 LED 5 9zAuIaTiadzan
i S
v W v ' (] o P4 A b o 2
- nenudnaivde ldsunnznaddng STOP e Ivugaiunse RST
¥
a -~ . V.
9. MFEAIANNITAUIAT Aol lay
d' [] [v] ~ 7 d’ : [
- oagluTnuavean1siy nadInd CHANNEL nieasa sreglulvua
, :
YOINTTANU2AT
Y o~ 1 Y o a :
- AAEINY CLEAR 147 LEDS 92@1 Laaddn 1aninmssniann1saaial
v
uas
° 3 ad o d’ Y [ vy v < ] d‘i
10. ¥nrsaananilu 23:59:50 audsaan lananuuaesdunaIiuI 1eNes
v e dn v ny o a ¢ .
Huq aanamn lada]a LED 5 eszduuasSiadeznganisiinu
Py 3 ad o d' y [ Yy o = [] d'
11, msaanauilu 00:00:00 aAmasaan lanamuudlssdunmiuil (eaees
. P Anvduy - a s .
Wuq oanamlade]d LED 5 ezduinazsadorngan1siiau
° Y] 1 4 v L4 a v - []
12. 81T UNINAWVDINITIFOUA DUDIATIY InanlAl af UU DS AFI0819UD3
FPGA UAAAIUN 4.24
o ) U V- a o 1 A P Yy b
13. AmSun e enaaenIsanued LED 5 suiludrueninsadiiaulauaasll
Aag1in 4.25

. -~ 1 S o L] y Y o ‘;
14. AMFUAMNAUBTARIBE T8 FPGA Tauans1IdegUn 4.26



42

a

VanUUoTAf10819Y99 FPGA

o

a

1 Ivaainl

N 4.24 ﬂTWﬂTﬂﬂ?il%ﬁUﬂ@ﬂJﬂ\lﬂ?')

'
= 1

)l

3

L]

..

SHECRESCE- B
30 Be SR BE

£ 9

FrvanNsiadinnu

= ﬂuu

U a

N 425 MWDYUAAINITAAVDY LED 5 1

PRl



43

FPGA DEMO BOARD

311 4.26 NMWABUAAIUDTAFIDENYBI FPGA

4.3 HaMINaao
/5 dq v X & -
ﬂ‘]ﬂﬂ'ﬁﬂﬂaﬂ\l']Qiﬁﬂ\]na']ﬂsl‘b' FPGA Tﬂﬂﬂ"ﬁ'ﬂﬂﬁﬂ\}ﬂ\)na']lla:ﬁ\]lﬂﬂﬂﬂﬂl]s‘]ﬂ

. g aa Y : o y 4y
QﬂUﬂ?ﬂﬂ']ﬂU'Nchl‘b' FPGA Nﬂll77ﬂ§]'nﬁ'llnifWNna‘ﬂﬂﬂ’lUY]ﬂﬂQﬂ'ﬁ



A
UNN S

PN Y
aidefnauasvaaueuusy

51 a3
A4 2 4 v 4 5 R S 0 Y v
AT ATNUUYH YiuuHeAnyINssgna lwuaIu FPGA Tagvou
o vg & Y a y Y ' v ¢
wan I luduauae MnrseoauuuuazaINeIaAIa 3 vadlaslrginsal FPGA
y & Yo o um¥ y o A
Tﬂﬂ’lumiﬂiwuuﬂm:@,wmﬂmnwam‘uwmi’cﬁNua:mswwmmmf]uummqmi
Vo p ; .
LI TIRTA G RN
° Y ) ° o
- uaAanNan1Tid Tas lyduianna 7 dau 919U 6 nan
. v Y y ' - A
- TR AAUYUI9DNTN NN AT M NI T HIRA IS NI TAAN A
3 !/3 1 a = <t & = a P~
- gunsoaanatladesd 1 3w Tauna 23 92709 59 1N 59 Jum
.’,' Y 3 y 3 Y. ' e [} 1
- NesAaeusanaladla Tag liismuanaisuniisznaily CLEAR
- UAIAFNIUAUATANIU 5 AInT
Ay Vet Y 1 an Y - ' o
nnmslafarulaznaasase  Usngiwan laeglussamimeleluszdy
) v A & dnyyv S g Z A vy v Ay
MY naNANITHINAMN InuasainsasIa ez lagaasnunaedms

nalszns

5.2 Tyvuazuuamanisun v

t ° a a Yo o y o [
TuszuiwmaindSyaninus  nuausgiaitlanuduilymuazglassadng
a d’
A
4 e ] 4 3
1. Jayn1 gUnsal FPGA 1095 XC4003APC84 Tiainsaa1it Inannesdanm 3
1 v
¥R
ad Y Y a ] Ar P4 s ¥V Y
-Fsunilgm lanewufnaods FPGA 10o35 XC4005APCS4 1AnD 15178 1H U
- T ] Yo .’,' Yy a
Tumsdads W ladaudasienduduiarlaniassamy
] "; A’ Y o d' -
2. Toyrn lii@mnsodeye EEPROM laviumundmua

as Y & Yer ot o =Y
- Asunilym @onlyisnisaridIvaamiiaunmu



45

3 Fuaaswaniudiuiaaa 7 @1 Tanuainluun
ada Y Yy a Pl A 1 ™ a0 11 '
- ']ﬁllﬂﬂﬂluﬁ'l 1‘111’]7']1—1“15?“91?)59’]ﬂlwO?ﬂU‘U'Uﬂitllﬁﬂﬂ'muﬂﬁ')uuﬁﬂ\iﬂﬂ 747U
5.3 IOIMAUMINBIN
s ¥V b ]
i51eunsalszgnd lu FPGA lauining g
d’ ld' a A ¢ o
- N xc4000 lulavssvedleasnndansumsuin au  uazms
ar 3 ° Y o v 3
WSewfey  daiudsansosin sy lulas Tswawesla Feeweudlu
a a ¢ [ Vq ¥
Huy 4 Sanseuuy 8 TAUAIUANTOBNUYLYEIR 1%
Vo aq ¥ ' 1Y a 1 Y Y]
e lsiiiuledlFnummeedala  Tasmmeiis lidesms I
a a Y A Aw a
fansasn@suuueesle issnduleddunen
o sq ¥ o P Y A -
] ﬁﬁJﬁim‘lﬂJTlJi$Qﬂﬂ1‘5ﬂ1l§1{815ﬂaﬂﬂ (Hard Lock) 1AIH8I910NYUIA
4 v S e ¥
ranuazannsa lusunsulawe Tasdusgiugeonuuy
dyu o L et Y [ by
- uaﬂmﬂummmsnmﬂi:qul%'"lﬂaﬂmﬂmﬂumuﬂmsaammwmgg
AP el A v ’ 4
2NULY FMUNVRBFAUANUIMINZaNarMsaen 1¥gUnsal FPGA nannse

4

) 14
3905Uﬂ15ﬂﬂﬂ11un‘“@\3!'i'lulﬂﬂ'lﬂ



MANUIN N

1999041381 1 ¥04



47

LECP 8§ IPAG Sv_SET
UL o] LH.5Y '
s SET

Loc-rg2 §94,5¥
Lat-pcx[ XY SIP_SY¥ coL sv

s tr s
R ssrae s
UL ST cLes cras

~9C-#SITg

2y

1
VA

&

1
YEYRY;

Vi

CTTNER

FPGA

: > T GLIITH
B e GELILN

Lec-#850
LoCeP i
LOC-P 4R
LoC-P2T
Log-ras
LoC-245
LO0C-Pds

L0C-P4y

LoC P40
LoC-27139
Loc-7238

LoC-*27

Liac-pP28
LoCcaP27

Lac-?28

Y STUUIAPTVT-§

512995 57UUBI9TAUIMN 1 HO9

Cn sv Rl I
o
- L =
T 3T
o
had
cLas g v
had v
Ty TnER
T
Sv ser g HH
TR g v
= b
RIT PV g l =
P — T
e
ey
CLKl g fuzeenn
¥ e
s
2

$IP Sv g

CﬂL.hl-
(48 31

cocteal casria
t3:01 et 01
| i3 01
082 quTPryYT
CTIMER

317495 CTIMER




48

CHANNEL

312995 CHANNEL

DISPLAY

512993 DISPLAY




49

Ls139

32995 LS139

wmsr ¢7

FBC

TTUTK g e . - a
SH.SET T ocun

ANDZ T
STP Sv g

oAz
Laameas

STRT-CT

312995 STRT-CT




50

b g TUTT
——q
coLcoLs coiz coup
L and
a
> |s I 1s
1-rr [ - 2§
L5128 U7
[ a T
A TID-
coL.sv g D -+ R -1
3
ToTT
oN— oM i ° —n
wITrY .____m; ado aM—
v
CLKS g
v
b gTUTT
onf—

SELECT i

312995 SELECT

LIS XY -3

11
ENY ) e
———

40301

0R2_QUTPUT

313925 OR2-OUTPUT




51

-

AND2 F D C
CONTROL
3117995 CONTROL
FnigE e iy
| i —
b AT sereu) i o= gﬂ : 3
s || B s
u":j:ﬁ T e l r:t--::rI n-s.-u
> L L™ TR s b L™ sz > L n:s'_fpzz::::::
%%‘% B M’f% | Fag |
| | I —
* L ———

™
@
i
%
-1}
i)
ANDZ

N L) [
TToTT T YY ST. 5V W3 oy YT T 7 Yr $T.CT Cuxa

312995 CLK




o roem o etosaim:

NANDZ

o
-0C
e g T °
S—] ]
R a iy

ag—r- aa

L

p— ST ag—

COUNTZ23

312995 COUNT23

-PT o —— =90
D ° -
™ . 1f
AST N g AsT 9 [ - 0¢
[£1H]
— g0
.0t
CLK: DT 0
I—— 1}
P fl
mor
L—Jnst a
(530
COUNTSS

312935 COUNTS59




"
-
4
z
3
<
o
-

-
~
.
x
o
o
3
-

ANQO-P

]
)Lr:
LY

|

)

oAs

]
ﬁ)
oné

~H

L
ke
b : «
.B v =
—
I
b
e
=
]
B
~
a
3
H
T
g
| ] J 2 L} L i LJ a L3 . a N L ]
TOLY T® YO YT coLl WST§F WTPY CILT YT YT covz ToTT v Tr cous sv oser

712995 TMR




.

ANO2

— 1]
-c>'r QA— - OF
—D) ¥ o1
ac—1d
Ast
[LH
MANDZ 1S90
u 00
. oc
cxy —Dr PRENIL s
} g
-——C>' o I
-0
L—iast oo—
m NS QuT
Lst0 | =
CNT23T

312995 CNT23T

™ N\
) o
AND3
aaz
a6
o™ [¥TY '_D—’.
TA g onz
u: '—3_.0'
f onz
e
te e oAz
“-———]' T ) >—————ae
“l'-“—'——] e s oAz
10 "
® 1 :

BUFO-P

12995 BUFO-P




55

otz 1 or ,.J DT aap— T a.r—]r—c T T g CLKs
DT e |- asf— 1 anf— -—cgr 9
atp— agt— ach— 1]
ast a9 s LM an ast e ——{nst 30p——y
(XII] [XE) (3] (S11)
] moLxs
|~\: k OAJ ! x “—i ——CD T Py UL
14 an— Lc ¥ anf— D n-L
ach— ac| ac—
asy 20| ’—lnn q AstT eo}—
11 I tsi0 (53]
lS'."= v *
gsc
312995 0SC
aa o8 oc 2o
» 3 3 'I
an02
4
I-f7F. T-rr 1-£F T
° [[] S— o H
T —T DT L—DT T
ON— LE LL ﬂi-—_-
Ty
IS':_ 5
oRz
LS80

312495 LS90




nnnnnnnnnnnnnn
----------------------------

“® <o <cocacocacae PR R R IR I e A ) PR R R
<<<<<<<<<<<<<<<<<<<<<<<<<<<

CCCCCCC




57

COMPARE2

312995 COMP2




MANUIN Y

14956191381 3 Y04



59

1
8
1
&
~ Loc-r2?
Lasur oras ]
I~ Fip ] L0C-r28
“Bsur ario |
> Lac-r2s
PA
¥ Loaur LN
~ Taio ] Locer24
“haur srae]
D] Locr e
Loc-pas
Loc-rs W3eur (teo ]
TR TIUEL I~ 3rap | LOC-P4S
Loc-rs has 32 “Beur
SUF A\l i> 2 J\’\f 3PAD ] LaCer4s
UL BT . wuF
- h 3 2 g o ~ Trag | LOC-re7
rec-re Ty TR k144 g x I “hsur
T I - ~. Trag] LOC-P e
e 1 Deor :
Loc-rs . Ty H -
ﬂ Ifa0 Dreor 5 e at 1 ” 5.2 1 L\S YY) l LOC=Pay
suf
SLEL NI . ‘_—“‘_——‘I.. I I~ 3 LoC-P SO
Livor 73 o7 3940 |
LoCars
(rao > »- Lo N Trio] Locea?
“owur
Do ] Hon 2t
Cvor——Caa] Loe -
G2 g oemree
deur
Teag ] LOC-28
L0C-P23
, ~ 3.0 | LoC-r2o
: > T G LTCH
1)

9y
5119995570v892995AN 3 B

N
ares .
H e X e
wry P
WYTFRER

; FPGA

512995 FPGA




60

.

~ .
— « Ve
CH S » v fagm b |- Al as
he f S — [y :€ !il -
41 FTveY an “ aTo
BT Py ¢ s T e
%v"r_’v « Py
can sv g o 1x - 1 I 'H SUTT
Lg anadikil . | ]
cuxs LT s o e v T’
-— e H . g
o oo Fues Y '
,
YEUELT v s ee onTTuTrY T o] L gTUTz
TRIL™ r ver e B o 2
r s - Sl g 7%
cLKy g TSPCET k22
- 'I TTIRER i —s
ETST 3 arr1
T oo S mO/P2
% a
l_ T T YT
ste o sv g A M u[ 1

CLK!:
ARTIMER
3U2495RTIMER
hed
Ty T
T f = oty
ey 4 T - patinad
» o, u TUTY
S SET o
—
P _COL)
i mcoL?
- e
Ty it
n-
Taile
Tate
7o
orser1
=
+
1
- —e1
- X
e L
+
.
r—
—
=T
]
2a1 L anz
a81 g (RN '_':f:
acs g E =4 Py i
H B -
01 g T - 'l -0rr? . 00?
_QC) .Bul
TToTx {Oll .HCC
Ir_.lY cT STIMEH =QA, .Gll
=CLII ‘BI” pl -Cl‘

712495 STIMER




——

61

™ -
N
CH. sV g ST r J—" .
3

- us I o I

n—r—w.__q?v oRs

CHANNEL

3172995 CHANNEL

GISPLAY

312999 DISPLAY




62

X74_139

A ——a 10 D T

LR s no

TE—-i e shb————avr

LS1389

312995 LS139

FocC
TOUTX
$3es * o a
Sv.SCT - b cun
AnQ2 I

STRT-CT

3T T

31995 STRT-CT




63

caLcoL: CoL2 coth
: w

oe— IN—

434

-

n—r—rv.__m; P
¥ 1
-

CLKS o0 l
’
—t

SELECT

12495 SELECT

OR-DUTPUT

312995 OR-OUTPUT




-

Cl‘ll?i-_ - L3}

=5
’ -?r > be
cosr2 » anmy 2? §Z ] Cl;l
T Dy _:,}
E iD_

02
ANO3 l
co/r3 g

N

AHDZ

Ly ng Ry Py ——— 7}
>

ANO2

3129935 CONTROL

CLK

i TéT aWlinin
N W= Ll
o —I’: g — E
e ]| b | vy
SEan ] S
proal] E el
‘ > [% > :=:=Eé-; ré- g g E» T::::i:-g g ZF’ L; TJ:==:=:§
| l I T
T I — T ;
2 J .;n ' lg N x " = | ) l & ‘

sses cLk




65

cLE o

o 14
D* °
.ﬂl
¥ [}
20t
o—jinst ag—

.LCOuUNTZ23

312995 COUNT23

T - ——n 0
——c?r q 1 0"
AST. TN g asrT a - 3€
wsez
_ﬂ!
.n:
LK g DT e
> S ]
—F r
m3A
el RS T
(%211
COUNTSS

312995 COUNT59




66

zr
®
An03
) moc
»
a0l
% ) -0
g

512995 TMR




67

— gt
-Hr saf— Y
—aDrF st
T N :)_\ ast L
A e [IY3
nANQZ LS90
.30
kg Dr 41 9¢
d_dr "
L :::-‘ ———a®
f _m 3t our
370
CNT23T
312995 CNT23T
w

BUFO-P

312995 BUFO-P




68

| | |
231 o DT ,,__! —DT a‘—} b DT aa HT 1 - cL et
—T ag— LDy ath— —cgr aaf— r EE TN
ach— act— agt— e
ast o a5y ae —iagr a3 ast :
V330 (T30 vite Lite
5 ‘ ey
!
“—( * :.—] —C> T an——l —_—Dr Q [N £1
Lc r Sa— —)% 4 as— -Dr ash—
act— q welm
ALY L ———y RS 1 AsT Ll
(%11 L5190 \s10
lil.ﬁl$ o
gsc
312995 0SC
qa as ac an
] . L L ]
ARBT
/_'F——D
T\ ¢
rorr _f-rr T-fe ’ tere
|
Q Qb 0 b———y 3'
Te——Tr DT T L——C T l
A G n— M 3 M
L. |
Ty }
l'f: )
ARz
Lsseo

3112995 LS9

0




69

FOC
L]

3995 TFF

5

317995 COMPARE




?

-
o]
A g 1
" »  Do——
XA
» g X
ng I} 7
A —
- KT
[ oot A
1z D
AR
o y —
- H —.
N o b=
i -
—
o g Y
+

=

=

or?

COMPARE2

312995 COMP2



TMANUIN A

PNAITUBN xc4000A



72

XC4000A
Logic Cell Array Family

Product Specifications

Features

* Third Generation Field-Programmable Gate Arrays
- Abundant flip-flops
- Flexible function generators
— On-chip ultra-fast RAM
— Dedicated high-speed carry-propagation circuit
—~ Wide edge decoders (two per edge)
- Hierarchy of interconnect lines
- Intemal 3-state bus capability
-~ Eight global low-skew clock or signal distribution
network

* Flexible Array Architecture
-~ Programmabile logic blocks and I/O blocks
- Programmable interconnects and wide decoders

* Sub-micron CMOS Process
- High-speed logic and Interconnect
— Low power consumption

¢ Systems-Oriented Features
- |EEE 1148.1-compatible boundary-scan logic support
— Programmable output slew rate {4 modes)
— Programmable input pull-up or pull-down resistors
- 24-mA sink current per output (48 per pair)

* Configured by Loading Binary File
-~ Unlimited reprogrammability
- Six programming modes

* XACT Development System runs on '386/486-type PC,
NEC PC, Apollo, Sun-4, and Hewlett-Packard 700 Series
- Interfaces to popular design environments like
Viewlogic, Mentor Graphics and OrCAD
- Fully automatic partitioning, placement and routing
- Interactive design editor for design optimization
~ 288 macros, 34 hard macros, RAM/ROM compiler

Description

The XC4000A family of FPGAs offers four devices atthe low
end of the XC4000 family complexity range. XC4000A
differs from XC4000 in four areas: fewer routing resources,
fewer wide-edge decoders, higher output sink current, and
improved output slew-rate control.

* The XC4000 routing structure is optimized for smaller
designs, naturally requiring fewer routing resources. The
XC4000A devices have four Longlines and four single-
length fines per row and column, while the XC4000
devices have six Longlines and eight single-length lines
per row and column. This results in a smaller chip area
and lower cost per device.

® XCA4000A has two wide-edge decoders on every device
edge, while the XC4000 has four. All other wide-decoder
features are identical in XC4000 and XC4000A.

* XC4000A outputs are specified at 24 mA, sink current,
while XC4000 outputs are specified at 12 mA. The source
current is the same 4 mA for both families.

* The XC4000A family offers a more sophisticated output
slew-rate control structure with four configurable options
for each individual output driver: fast, medium fast, me-
dium slow, and slow. Slew-rate control can alleviate
ground-bounce problems when multiple outputs switch
simuitaneously, and it can reduce or eliminate crosstaltk
and transmission-tine effects on printed circuit boards.

Note that the XC4003 and XC4005 devices are available in
both flavors, the lower-priced XC4003A/XC4005A with re-
duced routing, and the higher-priced XC4003/XC4005 with
more abundant routing resources. The XC4000A devices
are intended for less demanding and more structured
designs, and the: XC4000 devices for more random designs

-requiring additional routing resources.

The equivalent devices are pin-compatible and are avail-
able in identical packages, but they are not bitstream
compatible. In order to move froma XC4000A to a XC4000,
or vice versa, the design must be recompiled.

Table 1. The XC4000A Family of Field-Programmable Gate Arrays

Device XC4002A XC4003A XC4004A XCA00SA
Appr. Gate Count 2,000 3,600 4,000 5.000
CLB Matrix 8x8 10x 10 12x12 14 x 14
Number of CLBs 54 100 144 196
Number of Flip-Flops 256 360 480 6§16
Max Decode Inputs (per side) 24 30 36 42
Max RAM Bits 2,048 3,200 4,608 6272
Number of I0Bs 64 80 96 112
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XC4000A Logic Cell Array Family

Absolute Maximum Ratings -

Symbol | Description Units
Vee  |Supply voltage relative to GND -0.5t0 +7.0 \'
Viy |Input voltage with respect to GND -0.5 to Vg +40.5 \
Vrg |Voltage applied to 3-state output -0.5to Ve +0.5 v
Tsta .Storage temperature (ambient) —-65to + 150 °C
Tsou |Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) + 260 °C
T, Junction temperature + 150 °C

Note: Stresses bayond.those listed
These are stress ratings only,
listed under Recommended Operating

for extended periods of ime may affect device reliability.
Operating Conditions

under Absolute Maximum Ratings may cause pemmanent damage to the device.
and functional operation of the device at these or any other conditions beyond those
Conditions is not impfied. Exposure to Absolute Maximum Ratings conditions

Symbol Description Min Max | Units
Vee Supply voltage relative to GND Commercial 0°C to 85°C junction 4.75 5.25 "
Supply voltage relative to GND Industrial -40°C to 100°C junction 4.5 5.5 \
Supply voltage relative to GND  Military -55°C to 125°C case 4.5 5.5 v
Vin High-level input voltage (XC4000 has TTL-like input thresholds) 2.0 Vee v
' Low-level input voltage (XC4000 has TTL-like input thresholds) 0 0.8 \"
Tin Input signal transition time 250 ns

At junction temperatures above those listed as Operating conditions, alt delay parameters increase by 0.35% per °C.

DC Characteristics Over Operating Conditions

Symbol Description Min Max Units‘
Vou High-level output voltage @ lox = 4.0 mA, Ve min 2.4 v
Vou Low-level output voltage @ lo = 24 mA, Ve min (Note 1) 0.4 \
leco Quiescent LCA supply current (Note 2) 10 [ mA
I Leakage current -10 +10 | pA
Cin Input capacitance (sample tested) 15| pF
lan Pad pull-up (when sele.cted) @Vin= OV_ (sample tested) 0.02 025} mA
lawL Horizontal Long Line pull-up (when selected) @ logic Low 0.2 25| mA

Note: 1. With 50% of the outputs simultaneously sinking 24 mA.
2. With no output curent loads, no active input or longline pull-up resistors, all package pins at Veg or GND, and
the LCA configured with a MakeBits tie option.
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Wide Decoder Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many intemal timing parameters cannot be measured directly, there derived from benchmark timing patterns. The following
guidelines reiflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 =4
Description Symbol Device Max Max “Max | Units
ddae
Full length, both pull-ups, Twas XC4002A 8.5 7.5 ns
inputs from 10B I-pins XC4003A 9.0 8.0 510 ns
XC4004A 9.5 8.5 i ns
XC4005A 10.0 9.0 B 61@ ns
Full length, both pull-ups Twar XC4002A 11.5 10.5 %@ ns
inputs from internal logic XC4003A 12.0 11.0 kO ns
XC4004A 12.5 115 P ns
XC4005A 13.0 12.0 86 | ns
Half length, one pull-up Twao XC4002A - 85 7.5 3 ns
inputs from OB I-pins XC4003A 9.0 8.0 ‘60" ns
XC4004A 9.5 8.5 E%L 4 ns
XC4005A 10.0 9.0 0; ns
Half length, one puil-up TwaoL XC4002A 11.5 10.5 LI S ns
inputs from internal logic XC4003A 12.0 11.0 80 ns
XC4004A 12.5 1.5 fmdex | 08
XC4005A 13.0 12.0 9.0 ns

Note: These delays are specified from the decoder input to the decoder output. For pin-to-pin delays, add the input delay (Teio)
and output defay {one of 4 modes), as listed on page 2-70.

Global Buffer Switching Characteristic Guidelines

Testing of the switching parametersis modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many intemal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing inforation, use the values provided by the XACT timing calculator and used in the simutator.

Speed Grade -6 -5 -4
Description Symbol Device Max Max Mék | Units
Global Signal Distribution *’-'.{
From pad through primary buffer, to any clock k Tea XC4002A 77 5.7 . ";: ns
XC4003A 7.8 5.8 ,5;.:3 ns
XC4004A 7.9 5.9 o ns
XC4005A 8.0 6.0 &5 ns
From pad through secondary buffer, to any clock k Tsa XC4002A 8.7 6.7 ;{‘ ns
XC4003A 8.8 6.8 5:3 ns
XC4004A | 89 || 69 b | ns
XC4005A 9.0 7.0 614 ns




75

XC4000A Logic Cell Array Family

Harizontal Longline Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -8 -5 -4
Description Symbol Device Max Max Max | Units
TBUF driving a Horizontal Longline (L.L.)

| going High or Low to L.L. going High or Low, Tiot XC4002A 8.2 6.0 ns
white T is Low, i.e. buffer is constantly active XC4003A 8.8 6.2 %43 ns
XC4004A | 9.4 || 66 |{¥ | ns

XC4005A | 100 || 7.0 || ¥55%| ns

B

I going Low to L.L. going from resistive pull-up Tio2 XC4002A 8.7 6.5 5] NS
High to active Low, (TBUF configured as open drain) XC4003A 9.3 6.7 aﬁgf .0 ns
- XC4004A 9.9 7| DS

XCA4005A 10.5 7.5 ’“xﬂ"‘ ns

T going Low to L.L. going from resistive pull-up Ton XC4002A 10.1 8.4 ,;3;;;:;; ns
or floating High to active Low, (TUBF configured XC4003A 10.7 9.0 g_«gnzu;z-g ns
as open drain) XC4004A 11.4 9.5 niaad | 0S
XC4005A 12.0 10.0 W8 | ns

T going High to TBUF going inactive, not driving L.L. | Tore All devices 3.0 2.0 1.88| ns
T going High to L.L. going from Low to High, Teus | XC4002a | 230 || 190 ||z a| ns
pulled up by a single resistor y XC4003A 240 20.0 §‘§ 14.0i{ ns
XC4004A 25.0 21.0 e ns

XC4005A 26.0 220 || &7 ? 0| ns

T going High to L.L. going from Low to High, Teur XC4002A 10.5 8.5 %@“, ns
pulled up by two resistors XC4003A 11.0 9.0 ,&Eg_aa ns
XC4004A 11.5 9.5 ns

XC4005A 12.0 10.0 8.0 ns
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Guaranteed Input and Output Parameters (Pin-to-Pin)

All values listed below are tested directly. and guaranteed over the operating conditions. The same parameters can also be derived
indirectly from the 108 and Global Buffer specifications. The XACT delay calculator uses this indirect method. When there is a discrepancy

between these two methods, the directly tested values listed below should be used, and the derived values should be ignored.

: Speed Grade -6 -5 -4
‘ Description Symbol Device Units
§ Global Clock to Output {fast) Tickor XC4002A 14.9 12.2 ns
I XC4003A 15.1 12.5 ns
i (Max) XC4004A 15.3 12.8 ns
i XC4005A 15.5 13.0 ns
. Global Clock to Output (slew limited) Ticko XC4002A 19.9 15.2 ns
: XC4003A | 20.1 15.5 ns
(Max) XC4004A 20.3 15.8 3| NS
XC4005A 20.5 16.0 16.0: | ns
. Input Set-up Time, using IFF (no delay) Tesue XC4002A 2.6 2.3 ns
' XC4003A 2.4 2.0 =36 | ns
; (Min) XC4004A 22 1.7 || wmems | NS
! XC4005A 2.0 1.5 I ns
% Input Hold time, using IFF (no delay) Tenr XC4002A 4.9 3.7 || e ns
i XC4003A 5.1 40 : ns
: {Min) XC4004A 53 4.3 _ m ns
XC4005A | 55 45 || 45 | ns
Input Set-up Time, using IFF (with delay) Tesu XC4002A | 21.8 18.8 f:%w ns
: XC4003A 215 18.5 ‘)%L 2‘;;9‘ ns
' (Min) | XC4004A | 212 || 182 (| ¥ 7 ns
XC4005A 21.0 18.0 ] ns
Input Hold Time, using IFF (with delay) Ten XC4002A 0 0 5" & ns
XC4003A 0 0 Rl ns
; (Min) XC4004A 0 0 ns
i XC4005A 0 0 0 ns

o —>
input IFF OFF .

Set-Up

& D> 3
s L,Dr N2

Global Clock-to-Qutput Delay

X3182

Timing is measured at pin threshold, with 50 pF external
capacitive loads (incl. test fixture). When testing fast out-
puts, only one output Switches. When testing slew-rate
limited outputs, half the number of outputs on one side of the
device are switching. These parameter values are tested
and guaranteed for worst-case conditions of supply voltage
and temperature, and also with the most unfavorable clock

polarity choice.

TppLi for -4 Speed Grade

Padto 1, 12 XC4003A 17.6ns
via transparent

latch, with delay  XC4005A 17.9ns
bl 5

A

See page 2-76

TpickD for -4 Speed Grade

Input set-up time
pad to clock (IK)
with delay

X e e v 2wy
AR E IR L

A

8. -
X,

XC4003A 1586 ns

XC4005A 15.9 ns

Xs0at
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0B Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
iested. Since many internal timing parameters cannotbe measured directly, they are derived from benchmark timing pattems. The following
quidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator.

XC4003A
XC4005A
-6 -5 4
Description Symbol |Min |Max || Min {Max Min |Max| Units
INPUT
Propagation Delays
Padto 1,12 Trip 4.0 3.0 ns
Pad to 11, 12, via transparent latch (no delay) Teu 8.0 7.0 ns
Pad to 11, 12, via transparent latch (with delay) Teou 26.0 24.0 ns
Clock (IK) tol1, 12, {flip-flop) Tkt 8.0 7.0 ns
Clock (IK) to 11, 12 (latch enable, active Low) Ticu 8.0 7.0 ns
Set-up Time (Note 3)
Pad to Clock (1K), no delay Teicx | 7.0 6.0 ns
Pad to Clock (IK) with delay Teicko | 25.0 24 .0 ns
Hold Time (Note 3)
Pad to Clock (1K), no delay Tiket 1.0 1.0 ns
Pad to Clock (IK) with delay Tiri0 neg neg ns
OUTPUT
Propagation Delays
Clock (OK) to Pad (fast) Tokpor 75 7.0 ns
Output (O) to Pad  (fast) Toer 9.0 7.0 ns
3-state to Pad begin hi-Z (slew-rate independent) Trsnz 9.0 7.0 ns
3-state to Pad active and valid (fast) Trsone 13.0 10.0 ns
Additional Delay
For medium fast outputs 2.0 1.5 ns
For medium slow outputs 4.0 3.0 ns
For slow outputs 6.0 4.5 ns
Set-up and Hold Times
Output (0) to clock (OK) set-up time Took 8.0 6.0 ns
Output (O) to clock (OK) hold time Toxo 0.0 0.0 ns
Clock
Clock High or Low time TewTer| 5.0 4.0 4.0 ns
Global Set/Reset
Delay from GSR net through Q to I1, 12 Trar 14.5 13.5 13.5 ns
Delay from GSR net to Pad Taro 18.0 17.0 14.6 ns
GSR width” Turw | 21.0 18.0 18.0 ns

- Timing is based on the XC4005. For other devices sae XACT timing calculator.
-~ See preceding page.

Notes: 1. Timing is measured at pin threshold, with 50 pF extemal capacitive loads (incl. test fixture).

- 2. Voltage levels of unused (bondad and unbonded) pads must be valid logic levels. Each can be configured with the
intemal pull-up or puti-down resistor or altematively contigured as a driven output or be driven from an external source.

3. Input pad setup times and hold times are specified with respect to the intemal clock (IK). To calculate system setup time,
subtract clock delay (clock pad to IK) from the specified input pad setup time value, but do not subtract below zero.
Negative hold time means that the delay in the input data is adequate for the external system hold time to be zero,
provided the input clock uses the Global signal distribution from pad to IK.
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CLB Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since manyinternal timing parameters cannot be measured directly, they are derived from benchmark timing pattems. The following
guidelines reflect warst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator.

XC4003A
XC4005A
Speed Grade -6 -5 -4
. Description Symbol | Min| Max || Min | Max}| Min|Max | Units
Combinatorial Delays
F/G inputs to X/Y outputs Two 6.0 4.5 40| ns
F/G inputs via H' to X/Y outputs To 8.0 7.0 _ 6.0] ns
C inputs via H' to X/Y outputs ThrHo 7.0 5.0 '_*3@ “;«5 ns
CLB Fast Carry Logic i
Operand inputs (F1,F2,G1,G4) to Coyr Topcy 7.0 5.5 ol 30| ns
Add/Subtract input (F3) to Coyr [ Tascy 8.0 601 F5s5| ns
Initialization inputs (F1,F3) to Cour Tincy 6.0 - 4.0 2351 ns
Ci through function generators to X/Y outputs Tsum 8.0 6.0|] 4¥5i5| ns
Cin to Cour, bypass function generators. Taye 2.0 1.5 ;J;S ns
Sequential Delays
Clock K to outputs Q Texo 5.0 3.0 ns
Set-up Time before Clock K
F/G inputs Tick 6.0 45 ' ns
F/G inputs via H' Tick 8.0 6.0 ns
C inputs via H1 ThHek 7.0 5.0 ns
C inputs via DIN Toick 4.0 3.0 ns
C inputs via EC Tecex 7.0 4.0 ns
C inputs via S/R, going Low (inactive) TRck 6.0 4.5 ns
Cninput via F/IG* 8.0 6.0 ns
’ Cinput via F/G' and H' 10.0 75 3 ns
Hold Time after Clock K >
F/G inputs TCK] 0 0 0 3 ns
F/G inputs via H' Teian 0 0 Q@E@g ns
C inputs via H1 TcKHH 0 0 ' ns
C inputs via DIN Texor 0 0 ns
Cinputs via EC Tcxsc 0 0 ns
C inputs via S/R, going Low (inactive) Tekr 0 0 ns
Clock
Clock High time Ten 5.0 40 ns
Clock Low time TeL 5.0 4.0 ns
Set/Reset Direct
Width (High) Trew 5.0 4.0 ns
Delay from C inputs via S/R, going High to Q Trio 2.0 ns
Master Set/Reset*
Width (High or Low) Tuaw 21.0 18.0 18.0 ns
Delay from Global Se/Reset net to Q Tura 33.0 31.0 28.0| ns

* Timing is based on the XC4005. For other devices see XACT timing calculator.
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XC4000A Logic Cell Array Family

CLB Switching Characteristic Guidelines (continued)

Testing of the swilching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionaity
tested. Since many internal timing parameters cannotbe measured directly, they are derived from benchmark timing patterns. The following
guidelines refiect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator.

XC4003A
XC4005A
CLB RAM OPTION Speed Grade -6 -5 -4
Description Symbol Min |Max || Min | Max ||Min | Max| Units
Write Operation
Address write cycle time 16x2 | Twe 9.0 8.0
32x1 | Twer 9.0 8.0
Write Enable pulse width (High) 16x2 | Twe 5.0 4.0
32x1 | Twer 5.0 40
Address set-up time before beginning of WE 16x2 | Tas 2.0 2.0
32x1 TasT 2.0 2.0
Address hold time after end of WE 16x2 | Tan 201}° 2.0
32x1 | Tawr 2.0 2.0
DIN set-up time before end of WE 16x2 Tos 4.0 4.0
32x1 TosT 5.0 5.0
DIN hold time after end of WE both ToKt 2.0 2.0
Read Operation
Address read cycle time 16x2 | Tac 7.0 5.5
32x1 | Tger 100 7.5
Data valid after address change 16x2 | Two 6.0
(no Write Enable) 32x1 Timo 8.0
Read Operation, Clocking Data into Flip-Flop
Address setup time before clock K 16x2 | Tiex 6.0 4.5
32x1 | Tmex 8.0 6.0
Read During Write
Data valid after WE going active 16x2 | Two 12.0
(DIN stable before WE) 32x1 Twot 15.0
Data valid after DIN 16x2 | Too 11.0
(DIN change during WE) 32x1 | Tpor 14.0
Read During Write, Clocking Data into Flip-Flop
WE setup time before clock K 16x2 | Twex 12.0 10.0
32x1 | Twexr | 15.0 120
Data setup time before clock K 16.x2 | Tock 11.0 9.0
32x1 | Tockr | 14.0 11.0

Note: Timing for the 16 x 1 RAM option is identical to 16 x 2 RAM timing
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CLB RAM Timing Characteristics
The
/ )/
RE
ADDRESS /\ \
WRITE Tas | Twp baTAH —
WRITE ENABLE /( j
Tos T
DATAIN {3 : i REQUIRED
READ
XYOUTPUTS  VALD ) VALID
READ, CLOCKING DATA INTO FUP-FLOP
. !-4 TiICK:
CLOCK B
VAUD VALIO
XQ,YQ QUTPUTS {OLD) (NEW)

READ DURING WRITE

WRITE ENABLE

DATAIN
(stable during WE)

X,Y QUTPUTS

DATAIN
(changing during WE)

X,Y OUTPUTS

Twp

LY

Tou

VALID

NEW

VALID
(PREVIOUS)

bt TWO—nd

VAUD
{NEW)

READ DURING WRITE, CLOCKING DATA INTO FUIP-FLOP

WRITE ENABLE

DATA IN

CLOCK

XQ,YQ QUTPUTS
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XC4002A Pinouts
Pin Bound Pin Bound Pin Bound
Description PC 34 | PQ100| YQ100 | PG120| Scan Description PC 84| PQ100 | YQ100 | PG120| Scan Oescription PC 34 | PQ100 § VQ100 | PG120} Scan
vee 2 {928 ]aG3] - o 28{2 | 20|lc]| - -l -1 -lwl -
VO (AB) 3 93 90 G1 26 SGCK2 (VO) 29 24 21 A12 a5 VO {D6) 58 58 55 | M10 | 157
VO (A9) 4 94 91 F1 29 O (M1) 30 25 22 811 98 o - 59 58 N1t | 160
- - los |2 {E1T]| - GND 3t | 28 | 23 {clo]| - Y0 (D5) s9 | 60 | 57 | Mo | 183
- - 96° | 93* | F2° - | (MO) 32 27 24 C11 | 101t 0 (CS0) 80 81 58 N10 { 1688
VO (A1) 5 97 94 F3 32 vCce 33 28 25 D11 - - - 62° | 59° t8* -
VO (A11) 6 | 98 j 95 {01! 35 1 (M2) 4| 20 | 26 | 812 | 102t - - |63 {60 | noe | -
- - - - E2* - PGCK2 (WO) 35 30 27 C12 | 103 YO (D4) 81 &4 61 M8 169
VO (A1) 7 | 99 fe|c1| a8 YO (HOC) 36| a1 | 28 | Aa13 | 108 vo 62 | 65 { 62 | N8 | 172
VO (A13) 8 100 97 D2 41 - - - - 813" - vCe 63 66 63 M7 -
- - -} - |er] - - - - | - |en| - GND 64 | 67 | 64 | L7 | -
- - - - :1 - Vo - 32 29 D12 | 109 VO (D3) 65 63 85 N7 178
VO (A14) 9 1 a8 c2 44 O (D) 37 33 30 C13 | 112 VO (%) 66 69 68 N6 178
SGCKX1 {A1S, VO)| 10 2 99 03 47 o a8 34 31 E12 | 115 t - - 70° | 677 | NS -
vce 11 3 100 c3 - Vo 39 a5 32 D13 118 = - - - M6° -
GND 12 4 1 C4 - - - 36° | 33 { F11° - Y0 (D2) &7 71 68 L5 181
PGCK1 (A16, VO){ 13 5 2 82 50 - - 37" | 34° | E13” - vo 58 72 59 N4 184
VO (A1 14 ] 3 B3 53 Vo 40 38 35 F12 | 121 YO (D1) 69 73 70 M5 187
- - - - Al - YO (ERH. NN 41 39 36 F13 | 124 wroxIEwo | 70 74 71 N3 190
- - - - A2° - Yce 42 40 7 G12 - - - - - M4 -
VO (TON 15 7 4 Cs 56 GND 43 41 38 G111 - - - - - Ls° -
YO (TCX) 16 8 5 B4 59 o 44 42 38 G13 | 127 YO (DO, DIN) 7t 75 72 N2 193
- - - - { A3* - Vo 45 | 43 | 40 | H13 | 130 | iscCreoouT.vOr} 72 | 76 | 73 | M3 | 196
YO (TMS) 17 9 5 8s 62 - - 44° | 41" | 13 - [o0: 8 ¢ 73 77 74 L4 -
Vo 18 10 7 A4 65 - - 45° 42" | H12* - vCC 74 78 75 3 -
- - | -} - jece | - Yo 48 | e6 | 43 | H11 | 123 O (TDO) sl o] 78 | M2 -
- - 11° a8 AS* - Vo 47 47 44 K13 138 GND 78 80 ked K3 -
o 19 12 9 B6 68 Vo 48 48 45 J12 139 70 (AD, WS) s 81 78 2 2
w 20 13 10 AB 71 Vo 49 49 48 L13 | 142 PGCK4 (1OA1) | 78 82 79 N1 B
GND 21 14 11 B7 - - - - - K12 - - - - - M1 -
vee 22 15 12 [or4 - -~ - - - J117 - - - - - J3* -
o 23 16 13 A7 74 Vo 50 50 47 | M13 | 145 VO (CS1,. A2) 79 83 80 K2 8
o 24 17 14 A8 77 SGCK3 (Vb) 51 51 48 L12 148 VO (A3) 80 84 81 L1 11
- - 18" | 15 | A9* - GNOD 52 52 49 K11 - VO (A4) 31 85 82 J2 14
- -} -} - |88 | - DONE 535 | 5o {u]| - VO (AS) s2 | 88 | 83 | k1 | 17
Vo 25 19 18 c8 80 vce 54 54 51 L10 - - - 87" | 84" | H3" -
o 28 20 17 | A10 83 PROG 55 55 52 | M12 - - - 88" | 85° | J1° -
O 27 21 18 B89 86 YO (D) 56 56 53 | M11 | 151 VO (A6) 83 89 88 H2 20
Vo - 2 19 A1l 89 PGCK3 (VO) 57 57 54 N13 | 154 VO (A7) 84 90 87 H1 23
- - - ~ B810* - - - - - N12° - GND 1 91 88 G2 -

* IncSicates unconnectad package pins.

t Contritusas only one bit (1) to the boundary scan register.

Boundary Scan B 0 = TDO.T
Boundcary Scan 81t 1 = TDO.O
BSouncary Scan 8 199 = BSCANT.UPD




XC4000A Logic Cell Array Family

XC4003A Pinouts

Pin Bound
Description PC34 | va100 | PQ100 | PG120 | Scan
vCC 2 89 92 G3 -
1O (A8) 3 90 93 G1 =
VO (A9) 4 91 94 F1 35
[s) - 92 95 £1 38
VO - 93 96 2 41
VO (A10) 5 94 97 F3 44
VO {A11) 5 95 98 01 47
- - - - Ez‘ -
V0 (A12) 7 9% 99 C1 50
VO (A13) 8 97 100 | 02 53
- - - - £3° =
- - - - 81" -
VO (A14) 9 98 1 c2 56
SGCK1 (A15.V0) 10 99 2 D3 59
vce 11 100 3 c3 -~
GND 12 1 4 C4 -
PGCK1 (A18, VO) 13 2 5 82 62
VO (A1) 14 3 § 83 65
- . - - - At =
- - - - Az‘ -y
VO (TDI) 15 ) 7 [ 68
VO’ (TCK) 16 3 3 84 71
- 3 - - A3 -
VO (TMS) 17 6 9 85 74
5] 18 7 10 Ad 7
[79) - - - 53 30
VO ~ 8 11 AS 83
Vo 19 9 12 86 86
Vo 20 10 13 AS 83
GND 21 1 14 87 -
VCC 22 12 15 c7 -
[s) 23 13 16 A7 92
VO 24 14 17 A8 95
[7e) - 15 18 A9 98
Vo - - - B8 | 101
VO 25 16 19 c8 | 104
V0 26 17 20 | A0 [ 107
VO 27 18 21 89 | 110
] - 19 s Al 113
- -~ - - [8i0° ] -
VO 28 20 23 Cs | 116
SGCK2 (VO) 29 21 24 | A2 [ 119
0 (M1) 30 2 25 | 811 | 12
GND 31 23 26 | Ci0 -
| (MO) 32 24 27 | C1t | iest
vCC 33 25 28 | DIl -
1 (M2) 34 26 29 | 812 [ 1267
PGCK2 (VO) a3 27 0 [ ci2 | iz7
VO (HDC) 35 28 3t | Aa13 | 130
- - - 813" | -
- - - - E11” -
) - 29 32 | o1z | 133
VO ([I5%) 37 30 33 | C13 | 136
V0 38 31 34 | E12 | 139
VO 39 32 35 | 013 | 142
3] - 33 36 | FI1 | 14§
() = 34 37 | E13 | 148
%) 40 35 8 | F12 | st
VO (ERR, WM 41 36 39 F13 154
vCC 42 37 40 | G12 -

.y A Dack:

uncor O
1 Contributes only one bit (.) to the boundary scan register.

Bourxiary Scan Bt 0 = TDO.Y
Bourxtary Scan B% 1 = TDO.O

Boundary Scan Bit 247 = ESCANT.UPD

pins.

P Bound
Description pest | vatoo | Pa10o | #6120 | Scan
GND 3 | 8 a1 | 611 | -
V0 44 | 39 | 42 | Gi3a | 157
) 45 | 40 | 43 | AI3 | 160
Vo 41 4 J13 163
o - 42 | 45 | Hi2 | 168
o 46 | 4 [ 6 | H11 | 169
Vo 7 | 44 | a7 | K13 | 172
V0 48 | 45 | @ | Nz | 175
VO 49 a6 | 49 | L3 | 78
- - _ - | Ki2* | -
- - - =[] -
) SO 47 S0 | Mi3 | 181
SGCK3 (VO) 51 48 | 51 | w2z | 184
GND 52 | 49 52 | Kit | -
DONE 53 | 50 53 | L1 | -
vce 54 | 51 54 | L0 | -
PROG 55 | 52 | 55 | M1z | -
VO (O 56 53 58 Mi1 187
PGCK3 (VO) 57 54 57 N13 }-~190
- Z - Mz | -
- - - - [y -
VO (08 58 | 55 | s8 | M0 | 193
V0 = 58 59 | N1l | 196
VO (D5) 59 57 | 60 | Mo | 199
VO (CS0) 60 | 58 | 61 | Nio | 202
Vo . 59 | 62 | 8 | 205
Vo 3 60 | 63 | N9 | 208
10 (D9) 61 51 54 | M8 | 21t
) 62 | 82 55 | Na | 214
vce 83 | 63 | 68 | M7 | -
GND 4 | 64 | 67 | U ~
VO (03) 65 85 88 | N7 | 217
V0 (AS) 86 | 66 | 69 | N6 | 220
Vo - 87 70 NS 223
VO — - - M8 | 226
VO (D2) 57 | 68 7 B | 229
VO 68 | 69 | 72 | N4 | 232
VO (B1) 59 70 73 | M5 | 235
VO (RCLK-BUSY/RDY) 70 71 74 | N3 | 238
- - - M4 -
- - - - lj' -
VO (DO, DIN) 71 72 75 N2 241
SGCK4 (OOUT, VO) 72 73 76 | M3 | 244
CCLK 73 74 | 77 | L4 -
vCe 74 | 75 | 78 | B -
O (TDO) 75 76 | 79 | M2 -
GND 76 77 | 80 | K3 -
V0 (AD. WS) 77 | 718 | 81 2 2
PGCK4 (A1, VO) 78 79 | 82 | N1 5
- - - - M1 -
- - - - J3' -
VO (Cs1. A2) 79 | 0 | 83 | X2 8
V0 (A3) 80 | 81 % | U 11
VO (A4) 81 82 85 J2 14
VO (A5) 82 | 83 | 86 | Ki 7
) = B4 | 87 | H3 | 20
) - 85 88 | N 23
VO (AB) 83 | 8 | 89 | w2 | 28
VO (A7) 54 ar 90 HY 29
GNO 1 38 91 G2 -
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* Incicates unconnected

package pins.
1 Contnteass only one bit {.i) 10 the boundary scan register.

Boundary Scan B0 = TDO.T
8oundary Scan Bit 1 = TDO.O
Boundary Scan Bit 295 = BSCANT.UPD

X
XC4004A Pinouts
Pin Bound Pin Bound Pin Bound
Description PCB4 | TQ144 | PO160| PG120| Scan D - PC84 | TQ144 | PO160 | PG120| Scan Description PC84 | TQ144 | PQ160 | PG120| Scan
vee 2 | 1281142] a3 - [he] 28 | 32 | 36 | Cco | t40 - - - {o0" | - -
VO (A8) 3 [ 129 1143 ]| G1 | 38 SGCX2 (VO) 29 | 33 | 37 | A12 ] 143 GNO - | 81 | 91 - -
VO (A9) 4 | 130 | 144 | £t | 41 O (M1) 30 | 34 | 38 | B11 | 148 - - | 827 | o2 | -
vo - |13t 145 ] E1 | 44 GND 31 ] 35 | 39 |cl0] - - - | 83" 93"} - -
Pie] - | 132 ) 146 ] F2 | a7 1 (MO) 32 | 38 | 40 | Cit] 1490 VO (D5) 59 | 84 | 94 | M9 | 241
VO (A10) 5 [133] 147 | F3 | 50 vce 3|37 ] ¢ Jonn| - VO (T30) 80 | 85 | 95 | N10 | 244
VO (A1) 6 | 134 | 1481 D1 | 53 1 (M2) 34 | 38 | 42 | B12 | 1507 [lie] - 188 ] 98§ (8 | 247
- - | 135" | 149" - PGCK2 (VO) 35 | 39 | 43 {C12] 151 vo 87 | 97 | N9 | 250
- ~ | 136° | 150° ] -~ - VO (HDGC) 36 | 40 | 44 | A13 ] 154 O (D4) 61 | 88 | 98 { M8 | 253
GND - | 137 | 151 | E2 - o - | 41 | 45 | B13 | 157 Vo 62 | 89 | 99 | N8 | 258
- - - |set| - - vo - | 42 | 48 | E11 ] 160 vee 83 1 90 | 100 M7 | -
- - -~ J153"| - ~ v - | a3 | 47 D12 | 163 GNO 64 1 91 | 101} L7 -
Y0 (A12) 7 | 13| 154] c1 | s6 VO (%) 37 | 44 | 48 | C13 | 186 VO (D3) 85 | 92 | 102 | N7 | 258
VO (A13) 8 1139 ]155| 02 | s9 - - | 49" | - - 0 (RS) 6 | 93 | 103 | N6 | 262
e - {140 | 156 | E3 | 82 - - - [ 50| - - vo - § 94 | 104 | NS5 | 265
Vo - {141} 157 | 81 | 65 GND - | a5 | St - - Vo ~ |1 95 [ 105 | M6 | 268
VO (A14) 142 | 158 | c2 | 68 - - | 46" | 52 | - - VO (D2) 57 ] 96 | 108 | L8 | 271
SGCX1{A15,v0)} 10 | 143 | 159 | 03 | 71 - - j47° | 53 | - - o) 68 | 97 [ 107 | N4 | 274
vee 11 | 144 [ 160 | C3 - vo 38 | 48 | 54 | €12 ] 189 - - | 98" {108"| - -
GNO 12 1 1 [ ~ vo 39 | 49 | 55 | 013 | 172 - - 199" {109 ~ -
PGCK1 (A16,V0)} 13 | 2 2 B2 { 74 vo - | 50| s6 | F11] 175 GND - Jwol10} - -
YO (A17) 14 { 3 3 B3 | 77 VO ~ | 51| s7 |E13] 178 -~ - - 1T} - -
o - 4 4 Al | 80 VO 40 | 52 | S8 | F12 ] 181 - - - f12e] - -
Vo - 5 S A2 | 83 VO(ERA.FN | 41 | 53 | 59 | F13 | 184 VO (D1) 59 | 101 | 113 | M5 | 277
VO (TDh 15 ] 6 6 | Cs | 86 vee 42 | 54 | 60 | G12] -~ VO(RCLK-BUSYAOM | 70 | 102 | 114 | N3 | 280
VO (TCK) 6] 7 7 B4 | 89 GND 43 | 55 | 61 |G11] - Yo - | 103 | 115 | M4 | 283
- - - 8° - o 44 | 58 | 62 | G13 | 187 vo - {104 ] 116 | L5 | 288
- - - 9° - - Vo 45 | 57 | 63 [ H13 | 190 0 (00, OIN) 71 ] 105 | 117§ N2 | 289
GNOD - 8 10 | A3 ~ [lie] - | 58 | 64 | J13 | 193 | |scexepour.voy] 72 [ 106 | 118 | M3 | 292
- - {9} 11 - o - |1 59 | 65 | 2] 196 CCLK 73 [ 107 ] 119 La -
- - 10 ] 12| - - Vo 48 | 60 | 66 | H11 | 199 vce 74 | 108 | 120 ] w3 -
VO (TMS) 171 1 13 | BS | 92 o 47 | 61 | 67 | kK13 | 202 O (TDO) 75 | 109 | 121 ] M2 | -
vo 18§ 12 | 14 | A4 | 95 - - | 62" | 68 | - - GND 76 | 110 { 122 | K3 -
o] - 1131 15| cs| 98 - - | 63" {69° | - ~ VO (A0, WT) 7| 11| 123] w2 2
e] - 14 | 16 | A5 | 101 GND - | 64 | 70 - - PGCK4 (VOAN) | 78 | 112 | 124 | N1 5
Vo 19 | 15 17 | B85 | 104 - - - p7t | - - lie] - | 113 ] 125 | M1 8
Vo 20| 16 | 18 | A6 | 107 - - - || - ) - a2} y3 | n
GND 2t | 17 | 19 | B7 - o 48 | 65 { 73 | )12 | 205 VO(CSTAZY | 79 | 11s {127 | K2 | 14
vee 24 18| 2| c7 - vo 4 | 66 | 74 | L13 | 201 YO (A3) 80 | 118 | 128 | L1 17
vo 23 | 19 | 21 | a7 | 10 Vo - 1 67 | 75 | K12 | 211 - - |17 t12et] - -
o 24 | 20} 22 | A8 | 113 o - 1 88 |7 | s11] 214 - - - 130"} - -
YO - {2t | 23| a9 | 118 VO 50 | 69 | 77 | M13| 217 GND - st} - -
0] -t 2 | 24 | B8 | 119 SGCK3 (VO) 5t ] 70 | 78 | L12 | 220 - - f1e°{132"| - -
o 25 1 23 | 25 | ¢c8 | 122 GND s2 17|19 [k - - - | 120" {133* | - -
vo 26 | 24 | 26 | A10| 125 DONE S3 | 72 | 80 | L1t - VO (Ad) 81 | 121 { 134} J2 | 20
- - |es jer| - - vee 54 | 73 | 8t L0 ~ YO (AS) 82 |12 ]| 135 x1 | 23
- ~ | 28" | 28" - - PROG S5 1 74 | 82 | M12| - - - -~ | 136" | - -
GNO - |27 | 29 - - Y0 (D7) 6 | 75 | 83 { M11 | 223 /i) ~ | 123|137 | H3 | 26
- - - 13| - - PGCK3 (VO) 57 | 76 | 84 | N13 | 226 Vo - [ 124 | 138 ] J1 | 29
- - - 31| - - ] - 77 | 85 | N12 | 229 VO (A6) 83 | 125 | 139 | H2 | 32
10 27 | 28 | 32 | B89 | 128 Vo - 78 | 88 | L9 | 232 YO (A7) 84 | 126 | 140 ] H1 | 35
10 - | 29 ] 33 A1 ] 131 VO (D6} 58 | 79 | 87 | M10| 235 GNO 1 w2z |1ar G2 -
[Le) ~ 130 )] 34 | B10]| 134 vo - 80 | 88 | N11 | 238
] - | 31 ] 35 -~ 1137 - - - |ee" | - -
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XC4000A Logic Cell Array Family

XC4005A Pinouts

/n Bound Pin Bound
Descriotion PCB4 | TO144 | PQ160 | PO208 | PGISS | Scan Oescrigtion PCE4 | TO144 | PQ16) | PQ208 | PGISS | Sean
vee 2 128 142 183 H3 - [ - 3 s 48 Cc12 161
VO {A8) 3 129 143 184 M3 44 - - - - - - -
VO (A9) 0 130 144 185 G1 47 [ 23 2 38 48 813 184
VO - 191 145 188 G2 50 SGCK2 (V0) 29 3 k14 a7 814 167
O - 132 148 187 G3 53 O (M1) 30 3 38 <8 A1S 170
- - - - 188" - GNO 31 35 39 49 C13 -
- - - - 189" ~ - 1{M0) 2 % « 50 Al6 173t
YO (A10) 5 133 147 190 F1 56 - - - - st - -
YO (A1) 3 134 148 191 F2 58 - ~ - 52" - ~
%) - 135 149 182 €1 62 - ~ - - 53" - -
[S) - 138 150 193 €2 [3 - - - - 54° - -
GND - 137 151 194 73 - vee 3 a7 41 55 C14 -
- ~ - - 195" - - 1{M2) M 38 42 58 815 174
- - - - 196" - - PGCX2 (VO 3 9 43 s7 816 175
- - - 1527 | 1977 D1’ - VO (HOC) 38 ) 44 58 014 178
- - - 153" | 198" | 02" ~ [ ~ 41 15 59 c1s 18
VO (A12) 7 138 154 199 €3 38 - - -~ - - - -
VO (A13) 8 139 158 200 c1 71 ) - 42 18 &0 015 184
- - - - - - - ) - Qg a7 81 El4 187
() - 140 156 201 c2 7¢ 0 (CBC) 37 “ [ 62 ci8 190
[s) - 141 157 202 03 17 - - - 19" 83" E15" -
40 (A14) ) 142 158 203 81 30 - - - 50" 84" o168’ -
SGCX1 {A1S, VO) 10 143 159 204 82 83 - - - ~ = - -
=3 K] Tad 160 205 c3 - - - - - 88" - -
- - - - 206 | - - GNO -~ . 51 87 F14 ~
- - - - 207" ~ - Vo 48 52 68 Fis 193
- - 208" - - vo - a7 $3 69 £18 196
- - - - N - - vo ET) 48 54 70 F16 199
GNO 12 1 [ 2 [ - ) 39 a9 55 71 G4 202
- N - - 3 - . - - - - 72" - -
PGCX1 (A18, VO) 13 2 2 4 B3 88 - - - - 73° - -
vO (A1D) 14 3 3 B Al 39 vo - 50 <8 74 G1S§ 205
) -~ a 1 s A2 92 vO - 51 57 75 G18 208
vO - s s T cs 95 ) 0 52 <8 76 H18 211
- - - B = = < vO (ERR, INIT) 1) 3 59 77 H15 | 214
VO (TON 15 6 8 8 84 98 vce 42 54 [7) 78 H14 -
VO (TC9 16 7 7 9 A3 101 GNO I 55 61 »79 J14 -
- - - 8" 107 Ad” ~ VO 44 38 [=] 80 J18 217
- - - 9" 1n - - vo 45 57 81 J16 220
- - - - 12' - - o - 58 [ 82 K18 223
- - - - 137 - - vo - 59 [ 83 K15 28
GRO - 8 10 14 cs - - - - 34" - -
) - 9 [ 15 85 104 - -~ - - a5’ - -
vo - 10 12 18 88 107 VO 16 60 66 88 Kid 229
VO (TMS) 17 1] 13 17 AS 110 ) 47 51 s7 87 L18 232
Vo 18 12 14 18 c7 113 VO - 62 £8. 88 M16 25
- - - - 197 - - Vo - 83 89 89 Li1s 238
- - - - 20" - - GNO - 64 i) %0 L14 -
) - 13 15 21 87 118 - - - ~ 91 - -
vO - 14 16 2 A8 19 -~ - - - 92’ - -
vO 13 15 17 23 AT 122 - - T 937 N18" -
Vo E 18 18 24 AS 128 - - - 2" E T -
GNO 21 17 19 25 =) - %) 48 3 73 95 P16 241
vCC 18 20 23 58 - vo 49 66 74 96 M14 244
) 2 19 21 27 =] 128 () - 67 s 97 N1S 247
vO 2¢ 20 2 28 B89 131 [ - ) 78 98 P15 250
vo - 21 2 2 A9 134 ) 50 59 [zd 99 N4 253
vO - 24 30 810 137 SGCX3 (VO) 51 70 78 100 R16 258
- - - - 31T - - GNO 52 71 79 101 P14 -
- - - - 32’ - - - - - - 102" - -
[ 25 25 33 C10 140 DONE <) 2 30 163 AtS -
vO 28 24 28 34 A10 143 - - - - 104" - -
Vo - 27 35 ATt 148 - - - - 105" - -
Vo - 28 28 % B11 149 vee 4 73 81 108 P13 -
GNO - 27 29 37 ci1 - - - - - 107" - -
N - - - 38" - - FROG 55 74 82 109 R14 ~
- - - - 297 - - v0 (0N 58 s 8 109 Ti8 259
- - - 07 0" ar2" - PGCX3 (VO) 57 76 84 110 TiS 252
- - - EXM 47 - - vo - 7 a5 11 A13 288
(&) 28 X Q 812 152 -~ - - - - - -
VO - 29 B 43 A3 155 Vo - T8 86 112 P12 288
[3e)] 30 34 <4 Al4 158 VO(D8) 58 79 87 113 Ti4 27

ga pina.
T Contritastes only one bit {.i) lo the boundary scan register.
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XC4005A Pinouts (continued)

Pin Bound
Descriptions " PC4 TQ144 PO160 PQa208 PG158 Scan
o) - 80 [ [ T13 274
- - - 89" 115° A12° -
- - . 90" 118" T12" -
- - ~ - ur - - '
- - - - 118" - -
GND - , 81 ot 119 P11 -
i) - -] 2] 120 At Fidd
Vo - &3 ks 121 T 280
VO (05) 59 84 94 122 T10 283
VO (E50) ) as % [F2) 510 286
- - - - 124" - -
- - - - 125" - -
() - 88 [ 128 R10 280
Vo - 87 97 127 ™ 252
VO (D4) [ 83 98 128 A9 295
5] &2 89 ) 129 P9 258
vce 63 90 100 130 RE -
GNOD 84 N 101 131 P8 - '
vO (D3) 55 92 102 132 T8 301
VO (RS) 68 93 103 133 77 304
Vo - 34 104 134 T6 307
[5s) - 95 105 135 R7? 310
- - - - 128" - -
- - - - 137" - -
VO (02) §7 108 138 P7 N3
[ &8 97 107 139 T5 316
(] - 98 108 140 RS 319
Vo - ) 109 141 T4 322
GNO - 100 110 142 Ps -
E - X = 1437 = -
.f iz L L 144" » -
- - - TN 145" Rs* -
- - - 12" 148" - -
VO (D1) 69 101 113 147 T3 5
VO (RCLK-BUSYROY) 70 102 114 148 Ps 328
VO - 103 115 149 R4 31
(&) - 104 116 150 R3 34
VO (00, DN 7 108 117 151 P4 337
SGCX4 (DOUT, VO) = 106 118 152 T2 340
COLK 3 107 119 153 A2 -
vcC 74 108 120 154 P3 -
- L | X 155° = S
- " - s 1567 - -
- - - 157" - -
- - - - 158" - -
0 (TOO) 75 109 121 159 T1 -
GND 78 110 122 160 N3 -~
VO (AOHS) 77 T 123 181 R 2
PGCK4 (A1.YO) 7 112 124 162 P2 5
Vo - 113 125 183 N2 8
o - 114 126 164 M3 11
VO (CS1.A2) 79 115 127 168 P1 14
VO (A3) ) 116 128 166 N1 17
- - 1177 129" 1877 M2
- - - 130" 163" TN -
- - - - 169" - -
- - - - 170" - =
GND - 118 131 m 3 -
vo - 19 12 172 2 20
(=) - 120 13 173 X) 23
VO (Ad) 31 121 134 174 a3 26
VO {AS) ] 122 138 175 X2 22
- - - - 1767 - -
- - 138" 177° - -
Vo - 123 137 178 K1 2
Vo - 124 133 179 1 35
VO (AS) & 125 139 180 2 38
VO (A7) [ 128 140 181 3 41
GND 1 127 141 182 3 -
" Indicates unconnected package pins. Boundary Scan 8it 1 = TDO.0

Boundary Scan BR 0 = TDO.T Boundary Scan Bit 343 = BSCANT.UPD
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XC4000A Logic Cell Array Family

For a detailed description of the device architecture, see pages 2-9 through 2-31.
For a detailed description of the configuration modes and their timing, see pages 2-32 through 2-55.
For detailed lists of package pinouts, see pages 2-57 through 2-81 through 2-85.

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

Ordering Information

Example: XC4005A-5 PQ160C
Device Type Temperature Range
Speed Grade Numbesr of Pins
Package Type
Component Availability
PINS 84 700 720 | 144 | 156 | 160 [ 164 | 191 196 208 223 | 225 240 [ 299 |
TOP TOP TOP
TYPE PLAST. | PLAST. | PLAST. | BRAZED]| CERAM. | PLAST. | CERAM | PLAST. | BRAZED| CERAM. | BRAZED| PLAST. | METAL | CERAM. | PLAST, | PLAST. | METAL | METAL

PLCC | PQFP { VOFP | CQFP PGA TOFP PGA PQFP | COFP PGA CQFP | PQFP | POFP PGA 8GA PQFP | PQFP ' PQFP

1
1

CODE PC84d | PQ100|VQ100|CB100 | PG120] TQ144 | PG158| PQ160| C8164 | PG191| CB196 | PQ208|MQ208| PG223]| BG225| PQ240 MQZ4OI PG299
T Gl R N e s A ) 5 S Pt

S R e

CIMB |7 Wbt

C = Commercial = 0° 10 +85° C 1= industrial = 40" 10 +100°C M = Mil Temp a -55°to +125° C SN e
B = MIL-STD-883C Class B Parentheses indicate future product ptans
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XC4000H
High 1/0 Count
Logic Cell Array Family

Product Specifications
Features Device XC4003H  XC4005H
»- Third-generation Field-Programmable Gate Arrays Approximate Gate Count 3,000 5,000
— Very high number of 1/O pins Number of IOBs 160 192
-~ Abundant flip-flops ]
— Flexible function generators CLB Matrix 10x 10 14x14
- On.d“p ultra-fast RAM Number of CLBS 100 196
— Dedicated high-speed carry-propagation circuit Number of Flip-Flops 200 392
— Wide edge decoders (four per edge) Max Decode Inputs 30 42
- Efficient implementation of multi-level logic (per side)
- Hierarchy of interconnect lines Max RAM Bits 3.200 6.272

— Internai 3-state bus capability
~ Eight global low-skew clock or signal distribution
network
~ |EEE 1149.1-compatible boundary-scan logic support
~ Programmable output slew rate with (two modes
including SoftEdge)
* Per-pin individually configurable input threshold and
output high level, either TTL or CMOS
~ Programmable input pull-up or pull-down resistors
* Flexible Amray Architecture
- Programmable logic blocks and VO blocks
- Programmable interconnects and wide decoders

* Sub-micron CMOS Process
— High-speed logic and interconnect
~ Low power consumption

* Configured by Loading Binary File
~ Unlimited reprogrammability
- Six programming modes

¢ XACT Development System runs on '386/486-type PC,
NEC PC, Apolio, Sun-4, and Hewlett Packard 700
Series
— Interfaces to popuiar design environments fike

Viewlogic, Mentor Graphics and OrCAD

— Fulty automatic partitioning, placement and routing
- Interactive design editor for design optimization
~ 288 macros, 34 hard macros, RAM/ROM compiler

Description

The XC4000 family of Field-Programmable Gate Armays
(FPGAs) provides the benefits of custom CMOS VLS,
while avoiding the initial cost, time delay, and inherent risk
of a conventional masked gate array.

The XC4000 family provides a regular, flexible, program-
mable architecture of Configurable Logic Blocks (CLBs),

interconnected by a poweriut hierarchy of versatile routing
resources, and surrounded by a perimeter of program-
mable Input/Output Blocks (I0Bs).

The XC4000H family is intended for 1/O-intensive applica-
tions. Compared to the XC4000, the XC4000H devices
have almost double the number of IOBs and /O pins, and
offer a choice of CMOS- or TTL-level outputs and input
thresholds, selectable per pin. The XC4000H outputs sink
24 mA and offer improved 3-state and slew-rate control.

The devices are customized by loading configuration data
into the internal memory cells. The FPGA can either
actively read configuration data out of external serial or
byte-parallel PROM (master modes), or the configuration
data can be written into the FPGA (slave and
peripheral modes).

The XCA4000H family is supported by the same powerful
and sophisticated software as the XC4000 family, covering
every aspect of design: from schematic entry, to simula-
tion, to automatic block placement and routing of intercon-
nects, and finally to the creation of the configuration

. bit stream.

Since Xilinx FPGAs can be reprogrammed an unlimited
number of times, they can be used in innovative designs
where hardware is changed dynamically, or where hard-
ware must be adapted to different user applications.
FPGAs are ideal for shortening the design and develop-
ment cycle, but they also offer a cost-effective solution for
production rates well beyond 1000 systems per month.

For a detailed description of the device features, architec-
ture, configuration methods and pin descriptions, see
pages 2-9 through 2-45.
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XC4000H Compared to XC4000

For readers already familiar with the XC4000 family, here
is a concise list of the major new features in the XC4000H
family.

Number of IOBs is, roughly, doubled compared to the
XC4000.

Output slew-rate control is significantly improved.

Resistive Load means a strong pull-down all the way to
ground, capable of sinking 24 mA continuously. If many
outputs switch simultaneously, the resulting ground
bounce might be objectionable.

Capacitive Load, or SoftEdge, means a more sophisti-
cated pull-down that decreases in strength as it ap-
proaches ground. It can only sink 4 mA at vV, , which is
irrelevant when driving capacitive loads. The benefit is
a substantial reduction in ground bounce when several
outputs switch simultaneously.

In the XC4000, limiting the slew rate of the output
reduces ground bounce, but also introduces a signifi-
cant additional delay. In the XC4000H, the additional,
delay in the capacitive-load mode is usually insignifi-
cant.

Allinputand output flip-flops have been eliminatedin the
XCA4000H family. Use the CLB flip-flops instead.

OQutputs can sink 24 mA, guaranteed at V., =05V,
compared to the 12 mA at 0.4 V of the XC48bO family.

Number of decoder inputs per side

Each outputmay be individually configured as one of the
following.

-~ TTL-compatible (like the XC4000) that uses
n-channel transistors for both puil-down and pull-up,

— A totem-pole output structure with reduced Vow

- CMOS-compatible (like the XC2000 and XC3000)
that means n-channel pull-down and p-channel pull-
up with V close to the V., rail.

Eachinput canindividually be configured for either TTL-
compatible threshold (1.2 V) or for CMOS-compatible
threshold (V/2). Each input can be configured to be
inverting or non-inverting.

Any combination of programmable input and output
levels on any I/O pin is possible, even the dubious
combination of TTLoutputand CMOS inputon the same
VO pin.

Qutput 3-state operation is controlled by a two-input
multiplexer.

The first activation of outputs after the end of the
configuration process, as they change from 3-state to
their active level, is always in the SoftEdge mode. This

prevents potential ground-bounce problems when all
outputs tum on simultaneously. A few nanoseconds
later, each output assumes the current-sink capability
determined by its configuration. This soft wake-up op-
eration is transparent to the user.

Architectural Overview

Except for the /O structure, the XC4000H family is identi-
cal to the original XC4000 family. A matrix of Configurable
Logic Blocks is interconnected through a hierarchy of
flexible routing resources. The powerful system-integra-
tion features of the XC4000 family, such as on-chip RAM,
dedicated fast carry, and wide decoders, are retained in
the XC4000H family.

The XC4000H family almost doubles the number of input/
output pins compared to the XC4000, an attractive featurs
for YO-intensive applications. The output drivers were
redesigned to be more powerful and more flexible.

Input/Output Blocks (108Bs)

The IOBs form the interface between the intemal logic and
the I/0 pads of the XC4000H device. Each IOB consists of
a programmable output section that can drive the pad, and
a programmable input section, that can receive data from
the pad. Aside from being connected to the same pad, the
input and output sections have nothing else in common.

Input
In XC4000H devices, there are no input flip-flops.

The input section receives data from the pad. Each input
can be configured individually with TTL or CMOS input
thresholds. As a configuration option, the input can be
either inverted or non-inverted, before it is made available
to the internal logic.

Pad
Each YO pad can be configured with or without a puli-up or
pull-down resistor, independent of the pin usage.

Boundary Scan
The XC4000H I0Bs have the same IEE 1149.1boundary-
scan capabilities as the I0OBs in the original XC4000.

Output

In an XC4000H IOB, there is no output flip-flop. The output
section receives data and 3-state control information fronr
the CLB interconnect structure.

Under configuration control, the data can be inverted or
non-inverted. The output driver assumes one of the follow-
ing states.

- Permanently disabled, making the pad an input only
pad
- 3-state controlled from the intemal logic
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There are two potential sources of the 3-state-control
information, selected by a multiplexer. The output of the
muitiplexer driving the 3-state control can be inverted as a
configuration option. The signal can be active High 3-state,
which is identical to the more popular connotation of
active-Low Qutput Enable, or it can be active-High Output
Enable, which is identical to active Low 3-state.

Each output can be individually configured as either TTL-
or CMOS-compatible. A TTL-compatible output uses n-
channel transistors for both pull-down and pull-up. As a
result, the output High voitage, V. is atleast one thresh-
old voltage drop below V... Depending on the load current,
this means a voltage drop of 1.0 to 2.4 V.In a system using
TTL input thresholds of 1.2 V, this lower output voltage
results in shorter delays when switching from High to Low,
and thus a better delay balance between the two signal
directions. The smaller signal amplitude also generates
less noise. The reduction in High-level noise margin is
irrelevant because it is still much better than the Low-level
noise margin. TTL-level outputs are, therefore, the best
choice for systems that use TTL-level input thresholds.
(XC4000 and XC4000A devices have only TTL-level out-
puts and have only TTL-level input thresholds).

When the output is configured as CMOS-compatible, an
additional p-channel transistor pulls the output towards the
Vo rail. This results in an unloaded rail-to-rail signal swing,
ideal for systems that use CMOS input thresholds.
(XC2000 and XC3000 devices have only CMOS-level
outputs).

Each output can be configured for either of two slew-rate
options, which affect only the pull-down operation. When
configured for resistive load, the pull-down transistor is
driven hard, resuiting in a practically constant on-resis-
tance of about 10 Q. This results in the fastest High-to-Low
transition, and the capability to sink 24 mA with a voltage
of 500 mV. When many outputs switch High to Low simul-
taneously, especially when they are discharging a capaci-
tive load, this configuration option might result in excessive
ground bounce.

When configured for capacitive load, or SoftEdge, the
High-to-Low transition starts as described above, but the
drive to the pull-down transistor is reduced as soon as the
output voltage reaches a value aréund 1 V. This resuits in
a higher resistance in the pull-down transistor, a slowing
down of the falling edge, and a significantly reduced
ground bounce.

OUTPUT
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Figure 1. XC4000H Input/Output Block
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Slew-Rate Control with SoftEdge

The XC4000H outputs use a novel, patent-pending
method of slew-rate control that reduces ground bounce
without any significant delay penalty. Each output is con-
figured with a choice between two slew-rate options. Both
options reduce the positive ground bounce that occurs

when the output currentis turned on. They differinthe way

the output current is turned off.

* The slew-rate-limited default mode is called capacitive,
or SoftEdge. At the beginning of a High-to-Low transi-
tion, the pull-down transistor is gradually turned on, and
kept fully conductive until the output voltage has
reached +1 V. The pull-down transistor is then gradually
turned off, so thatit finally has an on-resistance of about
100 Q, low enough to sink 4 mA continuously. Graduaily
turning off the sink current reduces the max value of
current change (di/dt) that is normally responsible for
the negative voltage spike over the common ground
inductance (bonding wires), called ground bounce.

The capacitive, or SoftEdge, mode is the best choice for
capacitively loaded outputs, or foroulputs requiring less
than 4 mA of dc sink current.

¢ The non-slew-rate limited mode is called resistive. At
the beginning of a High-to-Low transition, the pull-down
transistor is gradually turned on, and kept fully conduc-
tive as long as the output data is a logic Low. The pull-
down transistor has an impedance of <20 Q, capable of
sinking 24 mA continuously.

Resisitive mode is required for driving terminated trans-
mission lines with 4 to 24 mA of dc sink current. The
abrupt current change when the output voltage reaches
zero causes a voltage spike over the ground inductance
(bonding wire) and can result in objectionable ground
bounce when many outputs switch High-to-Low simul-
taneousty. %

The foilowing figures show output rising and falling edges
when one output drives different loads. The tests were
performed on a multi-ground-ptane test PC board, manu-
factured by Urban Instruments (Encino, CA). Measure-
ments were done with a Tektronix TDS540 digital storage
oscilloscope. The figures below are unedited files from
these measurements, the time scale is 2 ns/division.

The upper trace in each figure shows a second output
driven from the same intemnal signal, but unicaded. it acts
as a timing reference, and triggers the oscilloscope.

Resistive mode and capacitive mode transitions start with
practically the same delay from the internal logic.
Resisitive mode falls faster, and has more undershoot;
capacitive mode rises slightly faster. For a 200-Q puli-up,
330-Q pull-down termination, only resisitive’ mode is
meaningful. A TTL-output with a 1000-Q puil-up, 150-pF
termination has a slow (150 ns) final rise time that extends
outside the 10-ns timing window of these figures.

Trace A shows Resistive mode with CMOS outputs
Trace B shows Resistive mode with TTL outputs
Trace C shows Capacitive mode with CMOS outputs
Trace D shows Capacitive mode with TTL outputs

Summary

Use resistive mode for applications that require >4 mA of
dc sink current, and for heavy capacitive loads when they
must be discharged fast. Use capacitive mode for all other
applications, especially for light capacitive loads
(50 to 200 pF) and for all timing-uncritical outputs that
require <4 mA dc current. The Low-to-High transition is not
affected by the choice of slew-rate mode.

~
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Figure 3. Rising Edge, S0 pF Load
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Absolute Maximum Ratings

Symbol| Description Units
Vee | Supply voltage relative to GND -0.5to0 +7.0 v
Vin Input voltage with respect to GND -0.5t0 Ve +0.5 \'
Vs Voltage applied to 3-state output -0.5 to Vgg +0.5 \)
Tstg | Storage temperature (ambient) -65to + 150 °C
Ty Junction temperature + 150 °C

Note:  Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the devica.
These are stress ratings only, and functionai operation of the device at these or any other conditions beyond those listed
under Recommaended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended
periods of time may affect device reliability.
Operating Conditions

Symbol Description Min Max | Units
Vee Supply voitage relative to GND Commercial 0°C to 85°C junction 4.75 525 | V
Supply voltage relative to GND Industrial -40°C to 100°C junction 4.5 5.5 v
Supply voltage relative to GND  Military ~55°C to 125°C case 45 5.5 \'%
ViH High-level input voltage for TTL threshold 2.0 Vee \Y
Viu High-level input voltage for CMQOS threshoid 70% | 100% | Ve
' Vi Low-level input voltage for TTL threshold 0 08 | V
Vie Low-level ir;put voltage CMOS threshold 0 20% | Ve

At junction temperatures above thosa fisted as Operating Conditions, all delay parameters increase by 0.35% per °C.
DC Characteristics Over Operating Conditions

Symbol Description Min Max |Units
Vou High-level output voltage, TTL option @ oy = —4.0 mA 2.4 Vv
Vou High-level output voltage, CMOS option @ igy = -1 mA Vee 0.5 v
Vou Low-level output voltage @ lo = 24 mA, Ve max (Note 1) 0.5 v
leco Quiescent LCA supply current (Note 2) 10 mA
I Leakage current -10 +10 pA
Cin Input capacitance (sample tested) 15 pF
lamn Pad pull-up (when selected) @ Viy = 0V {estimate) 0.02 0.20 mA
taLL Horizontal Long Line pull-up (wher;l.!sﬁ‘ected) @ logic Low 02 25 | mA

Note: 1. XC4003H—with 50% of the cutputs simuitaneously sinking 24 mA. XC4005H~with 33% of the outputs simuitanaously sinking 24 mA.
2. With no output current loads, no active input or long line pullresistors, all package pins at Ve or GND, and the LCA configured with
a MaksBits tie option.

.




94

T XILINX

Wide Decoder Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devicas are 100% functionally
sested. Since many intemnal timing parameters cannot be measured directly, they are derived from benchmark timing pattems. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -5 -5
Description Symbol Device Max Max Units
Full length, both pull-ups, Twas XC4003H 9.0 8.0 ns
inputs from 10OB i-pins XC4005H 10.0 9.0 ns
Full length, both pull-ups TwarL XC4003H 12.0 11.0 ns
inputs from intemal logic XC4005H 13.0 12.0 ns
Half length, one pull-up Twao XC4003H 9.0 8.0 ns
inputs from IOB i-pins XC4005H 10.0 9.0 ns
Half length, one puli-up Twaot XC4003H 12.0 11.0 ns
inputs from internal logic XC4005H 13.0 12.0 ns

Note: These delays ara specified from the decoder input to the decoder output. For pin-to-pin delays, add the input delay (Teip) and
output delay (Topr of Topc), as listed on page 2-93.

Giobal Buffer Switching Characteristic Guidelines

Testing of the switching parametersis modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many intemal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5
Description Symbol Device Max Max Units
~
Global Signal Distribution Tra "XC4003H 7.8 5.8 ns
From pad through primary bufter, to any clock k XC4005H 8.0 6.0 ns
From pad through secondary buffer, to any clock k Tsa XC4003H 8.8 6.8 ns
XC4005H 9.0 7.0 ns
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Horizontal Longline Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many intemal timing parameters cannot be measured directly, they are derived from benchmark timing pattems. The
foltowing guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simutator.

Speed Grade -6 -5
Description Symbol| Device Max Max Units
TBUF driving a Horizontal Longline (L.L.)
1 going High or Low to L.L. while T is Low, i.e. buffer Tiot XC4003H 8.8 6.2 ns
is constantly active XC4005H 10.0 7.0 ns
1 going Low to L.L. going from resistive pull-up High Tioz2 XC4003H 9.3 6.7 ns
to active Low, (TBUF configured as open drain) XC4005H 10.5 7.5 ns
T going Low to L.L. going from resistive pull-up or float- | Ton XC4003H 10.7 9.0 ns
ing High to active Low, (TBUF configured as open drain) XC4005H 12.0 10.0 ns
T going High to TBUF going inactive, notdriving the L.L.! Toee | All devices 3.0 20° || ns
T going High to L.L. going from Low to High, Teus | XC4003H 24.0 || 20.0 ns
pulled up by single resistor XC4005H 26.0 22,0 ns
T going High to L.L. going from Low to High, Teur | XC4003H 11.0 9.0 ns
pulled up by two resistors XC4005H 12.0 10.0 ns
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Input and Output Parameters (Pin-to-Pin)

All vaiues listed below are tested directly and guaranteed over the operating conditions. The same parameters can also be derived
indirectly from the 10B and Global Buffer specifications. The XACT delay calculator uses this indirect method. When there is a
discrepancy between these two mathods, the directly tested values listed below should be used, and the indirectly derived values must

be ignored.
Speed Grade -6* -5*

Description Symbol Device Units
Globai Clock to Output (fast) using nearest CLB FF Ticxor XC4003H ns
(Max) XC4005H ns
Global Clock to Output (slew limited) using nearest Ticko XC4003H ns
CLB FF {Max) XC4005H ns
Input Set-up Time, using nearest CLB FF Tesus XCA4003H ns
(Miny | XC400SH ns
Input Hold time, using nearest CLB FF Tene XC4003H ns
(Min} XC4005H ns

-+ Data not available at press time

st (& cs as [ =
FF FF
& P b
Hold Tra
Twne

Timing is measured at pin threshold, with 50 pF external
capacitive loads (incl. test fixture).

When testing fast outputs, only one output switches.When
testing slew-rate limited outputs, half the number of out-
puts on one side of the device are switching.

These parameter values are tested and guaranteed for
worst-casa conditions of supply voitage and temperature,

and also with the most unfavorable clock polarity choice.
The use of a rising-edge clock reduces the effectiva clock
delay by 1to 2 ns.

The use of a rising clock edge, therefore, reduces the
clock-to-output delay, and ends the hold-time requirement
earlier. The use of a falling clock edge reduces the input
set-up time requirement.

In the tradition of guaranteeing absolute worst-case pa-
rameter values, the table above does not take advantage
of these improvements. The user can chose between a
rising clock edge with slightly shorter output delay, or a
falfing clock edge with slightly shorter input set-up time.
One of these parameters is inevitably better than the
guaranteed specification listed above, albeit by only
one to two nanoseconds.
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CLB Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many intemal timing paraineters cannot be measured directly, they are derived from benchmark timing pattems. The
following guidelines reflect worst-case values over the recommended operating conditions. For mors detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5

Description Symbol | Min |Max || Min| Max|| Units
Combinatorial Delays

F/G inputs to X/Y outputs Two 6.0 45| ns

F/G inputs via H' to X/Y outputs THo 8.0 70| ns

C inputs via H' to X/Y outputs Thro 7.0 5.0( ns
CLB Fast Carry Logic

Operand ingputs (F1,F2,G1,G4) to Cour . Torcy 7.0 5.5 As ™

Add/Subtract input (F3) to Cour Tascy 8.0 6.0(| ns

Initialization inputs (F1,F3) to Cour © Tiey 6.0 40| ns

Cin through function generators to X/Y outputs Tsum 8.0 6.0|! ns

Cin to Cour, bypass function generators. Tayp 2.0 15| ns
Sequential Delays

Clock K to outputs Q Tcko 5.0 3.0} ns
Set-up Time before Clock K

F/G inputs Tick 6.0 4.5 ns

F/G inputs via H' Tinck 8.0 6.0 ns

C inputs via H1 Thrcx 7.0 5.0 ns

C inputs via DIN Totex 4.0 3.0 ns

C inputs via EC Tecex 7.0 4.0 ns

C inputs via S/R, going Low (inactive) Trex 6.0 4.5 ns

Ciinput via F/G' 8.0 6.0 ns

Cininput via F/G' and H' 10.0 7.5 ns
Hold Time after Clock K

F/G inputs Tex 0 0 ns

F/G inputs via H' Texm 0 0 ns

C inputs via H1 Texun 0 0 ns

C inputs via DIN Teckot 0 0 ns

C inputs via EC Texee 0 0 ns

C inputs via S/R, going Low (inactive) Texr 0 0 ns
Clock .

Clock High time Ten 5.0 4.0 ns

Clock Low time TeL 5.0 4.0 ns
Set/Reset Direct

Width (High) Trew 5.0 40 ns

Delay from C inputs via S/R, going High to Q Taio 9.0 8.0(| ns
Master Set/Reset*

Width (High or Low) Tuaw 21.0 18.0 ns

Delay from Global Set/Resst netto Q Tura 33.0 31.0j| ns

Timing is based on the XC4005H. For other devices see XACT timing calculator.
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CLB Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many intemal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

CLB RAM Option Speed Grade[ 6 -5
Description Symbol Min | Max || Min | Max Units
Write Operation
Address write cycle time 16x2 | Twe 9.0 8.0 ns
32x1 Twer 9.0 8.0 ns
Write Enable pulse width (High) 16x2 | Twe 5.0 4.0 ns
32x1 Twer 5.0 4.0 ns
Address set-up time before beginning of WE 16x2 | Tas 2.0 2.0 ns
32x1 Tast 2.0 2.0 ns
Address hold time after end of WE 16x2 | Tay 2.0 20 ns
32x1 | Tanr 2.0 2.0 ns
DIN set-up time before end of WE 16x2 | Tps 4.0 4.0 ns
32x1 | Tosr 5.0 5.0 ns
DIN hold time after end of WE both Tour 2.0 2.0 ns
Read Operation
Address read cycle time 16x2 | Tre 7.0 5.5 ns
32x1 | Tper | 10.0 7.5 ns
Data valid after address change 16x2 | Tno 6.0 4511 " ns
(no Write Enable) 32x1 | Twmo 8.0 7.0 ns
Read Operation, Clocking Data into Flip-Flop
Address setup time before clock K 16x2 | Tiex 6.0 4.5 ns
32x1 TIHCK 8.0 6.0 ns
Read During Write
Data valid after WE going active 16x2 | Two 12.0 10.0 ns
(DIN stable before WE) 32x1 Twor 15.0 12.0 ns
Data valid after DIN 16x2 | Too 11.0 9.0 ns
(DiIN change during WE) 32x1 | Tpor 14.0 11.0 ns
Read During Write, Clocking Data into Flip-Flop
WE setup time before clock K 16%2 | Twex | 120 10.0 ns
32x1 | Twexr] 15.0 12.0 ns
Data setup time before clock K 16x2 | Toex | 11.0 9.0 ns
32x1 | Toexr| 14.0 11.0 ns

Note: Timing for the 16 x 1 RAM option is identical to 16 x 2 RAM timing
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CLB RAM Timing Characteristics
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10B Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-3851 0/805. All devices are 100% functionally
iested. Since many intemat timing parameters cannot be measured directly, thay are derived from benchmark timing pattems. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simutator.

Inputs
6 -5
Description Symbol Min | Max | | Min| Max || Units
Propagation Delays from CMOS or TTL Levels
Padto I1, 12 Trio 4.0 3.0 ns
Outputs
6 5
Description _ Symbol 1 Min | Max | [Min | Max || Units
Propagation Delays to TTL Levels
Qutput (O) to Pad (Resistive Mode) TorR 9.5 7.5 ns
Otuput (O) to Pad (Capacitive Mode) Torc 10.5 8.0 ns
3-state to Pad begin hi-Z (Resistive Mode) Trsuzr 10.5 8.5 ns
3-state to Pad begin hi-Z (Capacitive Mode) Trsuze 8.0 6.5 ns
3-state to Pad active and valid (Resistive Mode) Trsonm 14.0 11.0 ns
3-state to Pad active and valid (Capacitive Mode) Trsone 16.0 12.0 ns
Propagation Delays to CMOS Levels
Output (O) to Pad (Resistive Mode) Toer 9.5 7.5 ns
Otuput (O) to Pad (Capacitive Mode) Torc 9.0 7.0 ns
3-state to Pad begin hi-Z (Resistive Mode) TrsHza 10.5 8.5 ns
3-state to Pad begin hi-Z (Capacitive Mode) Trsuze 8.0 6.5 ns
3-state to Pad active and valid (Resistive Mode) Trsonr 14.0 11.0 ns
3-state to Pad active and valid (Capacitive Mode) Trsone 14.0 11.0 ns

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture).
2. Output delays change with capacitive loading as described in the following table.

TTL Levels CMOS Leveis Units
Resistive Mode 0.03 0.03 ns/pF
Capacitive Mode 0.04 © 003 ns/pF

3. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the intemnal
pull-up or pull-down resistor, or altematively, configured as a driven output or be driven from an external source.
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XC4003H Pinouts

Pin Bound P Bound P ann Bound M PL Bouw
Descrigtion | PG191 [pa208 | Scan D PG191_PO208 | Scan Description _ #G181 Sean Description  PRISt PO208 | Sc:
vee M {183 - Vo cto]| 27 | 12 GND Kis | 79 | - GND RO |1} -
VO (A8) 3 | 184 ] &2 o 810 | 28 | 185 vo Kig | 8o | 307 VO (D3) To | 132 | 42
VO (A9) J2 | 185 | 65 vo A9 | 29 | 188 vo k17 | 81 | 310 VYO (RS) U9 | 133 | ax
Vo g1 {186 | 68 vo at0 | 30 | 191 vo K18 | 82 | 313 1o ve | 134 | 43
vo H [ 187 ] 7t vo At 31 ] 194 Vo L8| sa | a8 Vo ve | 135 | «3¢
vo H2 [ 188 | 74 vo cit | 32 | 197 vo RARTEED vo us | 138 | aar
vo H3 | 188 | 77 Vo 811 | 33 | 200 o Lie | 8s | a2 T T8_| 137 | 44z
YO (A10) Gt | 190 | 80 Vo A2 34 | 203 Vo M18 | 86 | 325 Vo (D2) vr | 138 | aas
VO (A1) G2 | 191 | a3 Vo B12 | 35 | 206 vo M7 | 87 | 328 vo ur | 139 | ass
Vo F1 | 192 vo A13 | 38 | 209 vo N18 | 88 | 331 vo ve | 140 | 45
vo £1 | 193 | 89 GND ci2| 37 | - vo P18 | 89 | 334 Vo Us | 141 | 4s¢
GND G3 | 184 - ) 813 | 38 | 212 GND M8 | 50 | - GND 7 {1e2] -
vo F2 | 195 | o2 vo A14 | 39 | 215 vo N7 | 91 | 337 Vo vs | 143 | 457
o 01 | 196 | o5 vo A1 | 40 | 218 Vo Rig | 92 | 3e0 vo va | 144 | asc
vo ct {197 | 98 vo ci3| a1 | 221 o T18 | 93 | 343 Vo us | 145 | 483
Vo €2 | 198 | 101 Vo B14 | 42 | 224 ) P17 | 94 | 348 vo 76 | 146 | ase
VO (A12) 73 | 190 | 104 vo ate | a3 | 227 vo N16 | 95 | 349 Vo (01 v3 | 147 | asc
VO {A13) D2 | 200 | 107 vo 815 | 44 | 230 vo T17 | 98 | 352 | [vomecdisimon | v2 | 148 | 472
Vo Bt | 201 | 110 Vo c1a| 45 |23 Vo R17{ 97 | 355 vo U4 | 149 | 475
vo E3 | 202 | 113 1o A7 | 48 | 238 vo P16 | 98 | 338 vo Y5 | 150 | 478
VO (A14) c2 {203 116 sackz2(vo) | B1s | 47 | 209 vo ut | 99 [ 3st V0 (00.0iN) | w3z [ 151 | 481
SGCK1(A15, /0)| 82 | 204 | 119 0 (M1) cis | 48 | 242 SGCK3 (YO) | T16 | 100 | 364 | [sooxeour.,voy] T4 | 152 | <84
vee 03 {205 | - GND o1s | 49 | - GND Ri6 | 101 | - ceLx vi | s3] -
-~ - |208"] - 1(MO) A18 | 50 [24st - -l - vee R4 | 154 | -

- - |zor| - - - st ] - OONE unz | 1es | - - - psst] -

- ~ 208" | - - - | s2n | - - - liwe| - - - |iss} -

- - | = RO - -~ {sa| - - - J1os*]| - - - lsr] -
GND o4 | 2 | - L L AR, vce RiS | 106 | - - - J1s8] -
- -l ! - vee 018 s5 { - N - jwor] - 0 (TDO) uz | 159 | -
PacK1(A16.vO) c3 | 4 | 122 1(M2) cie | s8 |[248t PROG vis | 108 | - GND A3 | 160 | -
VYO (A17) c4 | 5 | 125 PGCK2(V0) | B17 | 57 | 247 VO (07 Tis | 109 | 2367 vomo.ws) | 13 181 ] 2
o 83 | 6 | 128 VO (HOC) E16 | s8 | 250 PGCKI(MO) | V1S | 110 | 370 | [Packewo.an| Ut [ 12| s
vo cs | 7 |13 vo c17 | so | 253 vo T14 | 111 | a7 vo P3 |13 8
VO (TDI) A2 | 8 |34 vo 017 | 60 | 258 vo uts | 112 | aze vo Rz | 16s | 11
Yo (TcK) B4 | 9 | 137 vo 318 | 61 | 259 VO (D6) viz | 113 | are vo(cst.A2) | T2 | 1es | 14
vo cs | 10 | 140 Yo (LDC) E17 | 62 | 282 vo vig | 114 | 382 VO (A3) N3 [ 188 ] 17
vo A3 | 11 | 143 v Fie | 63 | 285 vo T13 | 115 | 385 Vo P2 | 167 | 20
Vo 85 | 12 | 148 vo c18 | s4 | 268 vo U4 | 118 | 88 Vo Ti [ 168 | 23
vo 85 | 13 | 149 vo D18 | 65 | 271 vo vis | 117 [ 301 Vo R1 | 189 | 28
GND c7 | 14| - o) Fi7 | 66 | 274 7 vi4 | 118 | as4 vo N2 [ 170 | 29
o A4 | 15 | 182 GND gis| s7 | - GND T2 | 119 | - GNO My -
o A5 | 16 | 155 Vo e8| 68 | 277 vo ui3 | 120 | 397 Vo P1 |72 | 32
YO (TMS) 87 | 17 | 1s8 o) F18 | 69 | 280 vo vi3 | 121 | 400 vo Nt {173 | 35
vo A6 | 18 [ 161 o G17 | 70 | 283 VO (DS) ut2 | 122 | 403 VO (A4) M2 | 174 | 38
vo ce | 19 | 184 o G18 | 71 | 288 VO (CS0) vi2 | 123 | 408 10 (AS) Mt [ 175 | 41
vo A7 | 20 | 167 vo H16 | 72 | 280 0 T11 | 124 | 408 1o 3 | i7e | «
vo 88 | 21 | 170 vo Hi7 | 73 | 292 Vo utt | 125 | 412 vo w2 | 177 | 47
Vo A8 | 22 | 13 Vo H18 | 74 | 205 vo vit1 ] 126 | 415 Vo L | 178 | s0
Vo B9 | 23 | 178 vo J1s | 75 | 208 vo vio | 127 | 418 vo k1 | 179 ] sa
vo c9 | 24 | 179 vo J1i7 | 78 | 301 VO (D4) U10 | 128 | 421 VO (A8) K2 | 180 ] s5
GND 09 | 25 | - vo(ERA. INM | J1s | 77 [ 30¢ vo T10 | 120 | 424 VO (A7) K3 | 181} so
vee owo| 28 | - vee asj s | - vee R10] 130 | - GND Xe | 182 | -

" Incicates unconnected package pins.

1 Contributes only one bit (i) to the boundary scan register,
Boundary Scan Bit 0 = TDO.T
Boundary Scan Bft 1 = TDO.O

Boundary Scan Bit 487 = BSCANT.UPD
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XC4005H Pinouts

; P Bound M Bourd Fn Baud ] Sourd
;  Ossobkn PG| MD| Scan Descripton PG| M| Scan Dencripon PG223 Scan Deacripion PG| MR} Scn
: =3 Ja [ 212 | - Vo Bi0 | 32 | 221 o) Ki6 | 92 | as7 O (D3 Te | 152 | stt
VO (A8) J3 j213| 74 &) A9 | 33 | 224 Vo K17 ] 93 | 370 VO (RS U9 | 153 | 514
VO (A9) 2 212} 77 o) A10 | 34 | 227 VO K18 | 94 | 373 o vo | 154 | 517
; VO J1 [ 215] 80 Vo A1l | 35 1 230 [s) L18 | 95 | 378 VO ve | 185 | 520
; [s) Ht | 216 | &3 Ts) Cit| 36 | 233 vo L17 | 96 | 379 e} uUg | 156 | 523
) =) H2 | 217 | 86 GND a7 [s) L16 | 97 [ 382 [e) T8 | 157 | 526
i vo H3 | 218 | 89 [Zs) D11 | 38 | 238 GND - | 98 - GND 158
H GND - (218 | - s} 012 39 | 239 o) L1s | 99 | 385 VO (02) V7 | 159 | 529
| VO(A10) Gt | 220 | 92 ) -l a | - [%s) M15 | 100 | 388 o U7 | 180 | 532
T VO {AIY) G2 | 221 | 95 Vo B11 | 41 | 242 vCC = Jwot] - vCC - 61| -
| vCe - |222]| - 5] A12 | 42 | 245 e M18 | 102 | 391 5] V6 | 162 | 535
T w H4 | 223 | 98 ¥0 812 | 43 | 248 ) M17 | 103°| 394 Vo Us | 163 | 538
i vO G4 | 224 | 101 Vo A13 ] 34 | 251 VO N18 | 104 | 397 Vo R8 | 164 | 541
 vo Fi | 225 ] 104 GND c12| a5 | - ) P18 | 105 | 400 Vo R7 | 165 | 544
VO €1 | 226 | 107 VO D13 | a5 | 254 GND Mi6 | 106 | - GND 77 [ 166 1 -
\ GND G3 | 27| - s} 014 | 47 | 257 ) N15 | 107 | 408 [75) Re | 167 | 847
i Te) F2 | 228 | t10 [17s) B13 | 48 | 260 [Te) P15 | 108 | 406 Vo RS | 168 | s50
! VO D01 | 229 | 1T 73 A4 | 29 [ 283 O N17 | 109 | 409 [s) vs | 189 | 553
VO ct [ 230} 118 VO A15 | S0 | 266 V0 R18 | 110 | 412 o va [ 170 | s58
vo €2 [ 231 ] 19 o) c13 ] s1 [ 269 [s) T18 | 111 | 415 vo us | 171 ] ss9
VO (A12) F3 | 232 | 122 V0 814 | 52 | 272 0 P17 | 112 | 418 Vo T6 [ 172 | s62
[ VO {A13) D2 | 233 | 125 e A6 | 53 | 275 V0 N6 | 113 | 421 VO (D1} V3 | 173 | 565
| TS (ROTHUSY]
w0 Fa | 234 | 128 e} 815 ) 54 | 278 [lle] T17 | 114 | 424 ROY) v2 | 174 | sea
=) E4 | 235 [ 131 VO c14 | 55 | 281 ) R17 | 115 | 427 Vo Us | 175 | 571
[) B1 | 236 | 134 Vo A17 | S6 | 284 VO P16 | 116 | 430 vo T5 | 176 | 574
f s} €3 | 237 | 137 SGCK2(v0) | 816 | 57 | 287 s} u18 | 117 | 433 YO (DO, DIN) u3 | 177 | 577
i VO(A14) C2 | 238 | 140 O (M1) Ci5| s8 [ 290 SGCK3(VO) | T16 | 118 | 436 | | scexa pout.voy| T4 | 178 | 580
SGCK1 (A15,VO)| 82 | 239 | 143 GND D15 | 59 | - GND Ri6 [ 119 | - CCLK vifime ] -
vCC 03 {230 | - 1 {MO) A8 | 60 | 293t DONE vz | 120 | - vCce R4 | 180 | -
GND D4 | 1 - vcC D16 | 61 - vCC R15| 121} - O (TDO) u2 } 181 | -
PGCK1 (A18,VO)| C3 2 146 1 {M2) Ci6 | 62 | 294 PROG V18 | 122 - GND . R3 | 182 ] -
VO (A17) c4 | 3 | 148 PGCK2(V0) | 817 | 63 | 295 VO (O7) T15 | 123 | 439 VO (A0, WS) T3 [ 183] 2
V0 83 | 4 | 152 /O (HOC) E16 | 64 | 298 PGCK3(VO) | U1 | 124 | 442 | [ PGCK4 (YO, A1)} U1 [ 184 | 5§
e cs | 5 | 155 V0 Ci7 | 65 | 301 e T14 | 125 | 445 Vo P3| 185 | 8
VO (TON) A2 | 8 | 158 VO 017 | 86 | 304 VO U1s | 126 | 448 vO R2 | 186 | 11
Y0 (TCK) 84 | 7 | 61 ) 818 | 67 | 307 VO R14 | 127 | 451 VO (CS1, A2) T2 | 187 | 14
VO cs | 8 | 184 O (LOC) €17 | 88 | 310 ) R13 | 128 | 454 VO (A3) N3 | 188 | 17
Vo A3 | 9 | 187 8] F16 | 69 | 313 VO (06) V17 | 129 | 457 Vo Pa | 189 | 20
Yo BS | 10 | 170 [Ie) c18| 70 | 318 Vo V16 | 130 | 480 [ls) N4 | 190 ] 23
[7e) Bs | 11 |73 o D18 | 71 [ 319 o T13 | 131 | 463 e} P2 | 191 26
Vo Ds | 12 | 176 o) Fi17 | 72 | 322 o) U14 | 132 | 466 [e) Tt | 192 | 28
7o) 06 | 13 | 179 (%) €15 | 73 | 325 Vo Vis | 133 | 489 [e) At | 193 | 32
GND cr | 4 | - Vo Fis | 74 | 328 ) Vi4 | 134 | 472 VO N2 | 194 | 35
VO a | 15 | 182 GND Gi6! 75 | - GND T12 {135 - - - [1es*} -
(%) AS | 16 | 185 vO E18 | 76 | 331 ) R12 | 136 | 475 GND M3 | 198 | -
VO (TMS) 87 | 17 | 188 VO Fi8 | 77 | 334 Vo R11 | 137 | 478 o) P1 [ 197 ] 38
Vo A8 | 18 | 191 VO Gi7} 78 | 337 [ U13 | 138 | 481 [5) N1 | 198 | 41
vCC - 19 - VO Gig | 79 | 340 o) Vi3 | 139 | 484 0 M4 | 199 | 44
Vo D7 | 20 | 194 vee - |8 | - vCe - | f - Vo L4 | 200 | 47
VO D8 | 21 | 197 VO H16 | 81 | 343 VO (DS) U2 | 141 | 487 vee - J2ot] -
GNO - 22 - Vo Hi7 | 82 [ 346 VO (C30) V12 | 142 | 490 VO {A4) M2 | 202 | 50
Vo c3 | 23 | 200 GND - | a3 [ - GND ~ |13 | - VO (AS) M1 | 203 | 53
vo A7 | 24 | 203 VO G15 | 84 | 349 VO T11 | 144 | 493 GND - [ 20¢} -
) B8 | 25 | 206 Vo Hi5 | 85 | 352 VO U1t | 145 | 496 o) 13 1 205] 58
o) A8 | 26 | 209 o) H18 | 38 | 355 =) V11 | 146 | 499 Vo 12 | 206} 58
o B9 | 27 [ 212 Vo J18 | 87 | 358 [le) v10 | 147 | s02 Vo L1 1267 | 82
() C9 | 28 | 215 VO J17 | 38 | 381 VO (D4) Uto | 148 | 505 Vo Ki | 208 ] 65
GND 09 | 29 - VO (ERRLINTD | J16 | 39 | 384 Vo T10 | 149 | 508 VO (AS) K2 | 209 | &8
| vCC 010 | 30 | - vee Jis| e | - vee R10 | 150 | - 1O (A7) K3 } 210] 71
] Vo C10{ 31 | 218 GND K15 | 91 - GND RO 151 | - GND Ké | 211} -

* Incheates unconnected package pins.
T Contridutes caly ons bit (.1) 1o the boundary scan register.
Boundary Scan 6it0 = TDO.T
Boundary Scan Bit 1 = TDO.O
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XC4000H High VO Count Logic Cel! Array Family

For a detailed description of the device architecture, see page 2-9 through 2-31.

For a detailed description of the configuration modes and their timing, see pages 2-32 through 2-55.
For detailed lists of package pinouts, see pages 2-100 through 2-101.

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

Ordering Information

Example: XC4005H-5 PG223C
Device Type Temperature Range
Speed Grade Number of Pins
!
Package Type
Component Availability
PINS 84 100 120 144 156 160 164 191 196 208 223 225 240 { 299
TOP TOP YoP '
TYPE PLAST. | PLAST. | PLAST. | BRAZED] CERAM.} PLAST. | CERAM | PLAST. | BRAZED] CERAM. | BRAZED| PLAST, | METAL [CERAM.| PLAST, | PLAST, METALI METAL
PLCC | PQFP | VOFP CaFpP PGA | “TQFP PGA POFP | COFP PGA CaoFp POFP | PQFP PGA BGA PQFP PQFP } PQFP
i
COOE PC84 | PQT00| VQ100|CB100 | PG120] TQ144 | PG156| PQ160] CB164 | PG191| CB196 | PQ208 ] MQ208| PG223| BG225] PQ240)| MQ240] PG299
XC4003H E; Y B il C1 ireadm] €1 ¢ A TTY T

-5 i
XC400SH -6 ik A Bt
i Lt e e Y ok g

C = Commercial = 0° 10 485° C 1 = Inoustrial = 40" 15 +100° C M = M8 Temp = -55° 10 +125° C
B = MIL-STD-883C Class 8 Parentheses indicate future product plans
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