a da
MAIPINTNAAITIAINTTY
ﬂﬁ&&’ﬂ?ﬁ'lﬁﬂ%@ﬂﬁ'l“ﬂiiﬂ

s LS v Y (%
ﬁﬂ1uulnﬂTuTnawszaamnmtmqm‘nmsnmnszm

TuSuseaRaaniinusg

(% a J a a
WaeSaaniinug msooauvuesFuaylagldniu VHDL uazmsadiaresiguay
U4
Tnoldgnsel FPGAs

Digital Circuit Design Using VHDL Language and Implementation Circuit

Using FPGAs

YEET 1. wwABUFU Yy sia)sedda 38031304
2. wdsgyan "wwmﬂamu sHadszida 38031315
.wmemsa - laewus sHeayszinda 38031328
4.uwlaims | awadend  sfadsedda 38031332

[ < v A a ad a a
niingns aymanigadmassutuda muidn didanselinduaznouiunes
d 3 a é
911U IRNUTYRIHNUS
a 1w (4
1. Wt lseigey Tnsusuduns

dan L4
2.000150nANeA  wzlu

o Py Py 4
3.019150%0e MTSIUNINTUY
1 aszassumszeudSauaninus neilete
daa o i
1. 219150AANIA ¢1u
' 2. 9191508 W NBITLO

4 [4
3omsddnyad Waekdnssga

o’ [ L4
4. 91013000z a1 I

o A o1 d' @ ~ LY <
Juasulnaey Jun 11 199U FUNAN W.A. 2539 1301 12.00 Y. 09 13.00 Y.

goudigey o9 7,310 AUTAIMART gAAINATIY




[T2%)

flzmam et
Ul ‘W‘Mﬁ

fﬂif)E)ﬂ!!'lJ‘U’JQi)‘i!%ﬂm‘lliﬂﬂbl‘l}’ﬂ'lﬂ'l VHDL unzmsa%'nuass%amm
Taell¥gunei FPGAS
Digital Circuit Design Using VHDL Language and Implementation

Circuit Using FPGAs

wpaeudy Yy

wel3ggn  nesnsanu
a e

BTSN aeviusg

wielains  awadeed

AR —
\w m m‘mﬁ“-«@”z"“"‘

T 1
2021629 | & OLVAY. OLAbE

\ﬂ‘ﬂ'ﬂ"\.ﬂﬂﬂ.....-......m..-

A INBW Yol

u diow B

i o $ é v
Wyaniinusiududuniweimsanmmundngasagmansgaamnssuiadia

e i

—esrtrel

mudndidamsetindunzaeuiiunes
a K d
MAIVIATNAATIAINTIN AULAFAAIYAAINATIN
amumalulagwszsoundudinamunismanszia

Umsdnu 2539



Paaniinus

lgﬂsf M3oonUULNIFuayla Ui‘ff'ﬂ'l]sl'l VHDL uazms3 ﬂ%ﬁﬂ’.]ﬂﬂil%x‘ilﬂ‘ll

Tav1dgunsal FPGAs

Digital Circuit Design Using VHDL Language and Implementation

Circuit Using FPGAs
Var °
doam
1. WsAoudu Uapu
2. wwlSyan NBINBINU
3. Wwasa Towus
4. W lasng AN
g10158n5n

a " .4
(walseidy  Insusudung)

o a a o
(011581 INBITUNINTUY )

Waimhinninagmaniiaanisy

MU

(HALAT.TIEWD (MWW IAY Q1 BYse )



= J
Wyaninus

léad msaammmansn%anaﬂm“l%’mm VHDL uazmsﬁ%'n*msﬁamm
Tavldgunsel FPGAs
Digital Circuit Design Using Vi-IDL Language and Implementation
Circuit Using FPGAs

(v d
Tnguszaan

4 A P
1. tiNofnY1N Y1 VHDL uazguUnsel FPGAs

d'l - o o - Y P o = s/
2 eray TUsunsudnitoonuuuad Az @ouIuUMIMNUYDIINTH 19

4
TunsTdsunsuginsal FPGAs

3. iiipoBNIUYNSIFuaumwIzau Tasl¥n1u VEDL
4. MoadreesiFuavanizaulagldniul VHDL

5. ot siFuaun ey mageuuazii 1 e 14

dat [
Uszlovinmanezldiy
ya o L4
1. léanudifeafiuni VHDL uazginsal FPGAs
2. IdanudifoaduTdsunsuadsesioz@ounuumsinaueeses
) 4
weldlums Tusunsuasgunsel FPGAs
3. TdanulunisesnuurlesiFuavmmesay
4. hvvsduavnmzaulasldgnsel FrGas 19

5. gusaimeFuaumnznumageunaz dauld \



ﬂ'lﬁﬂﬁlﬂll‘l]‘l.l?»iﬂﬂ%ﬂlﬁ‘lﬂﬂﬂal{ﬂ'l‘lﬂ VHDL llﬂ:‘,ﬂ'lﬁﬁ%"l\ﬂ\ﬁ]ﬁ

Buavlasl¥eilnsal FPGAs

\
wsaeudu  denu
wnlSggn  eINBInu
Py Y o
UWAITA Tuwus
welasms  atvaieed
g10158nUInI
= ¢t e o
pralssdy Insusudund
faa L4
p10sonANIR  uzlu
o a P ['s
. 919150002 IABITUNNINY

Un13fnw 2539

unAnee

ﬂ?muﬂpﬁwuﬁ’ﬂﬁui'{ dnguendnmsesnuuunesiFuavlasldniu VHDL uaz
arsadrersesifuaviasldginsal FPGAs 11800 NUUIINIAAUININUIA 2 FB
Tarldnut vEDL uagthumtas @it 1818 Wdveares Taeld Tulsunsuveaussm
J1003n ezt dve99s i 18 Wutauiin IWd XNE uag bit adidu lasld Tsunsuves
L3t XILINK st g iidaneediu bie dal¥gqunsel FrGas iol¥unsel FPGAS
Fnaiifuae3 R aaa1va 2 $os uazldnaasairgunsel FPGAs lunaaoudiu

4 [] 1 o { o
NITANVUIA 2 FOI ﬂsmg’nqﬁwagnﬁmﬁaﬂﬂﬁmmwanmsﬁmmuanﬂﬂizms



I

DIGITAL CIRCUIT USING VHDL LANGUAGE AND IMPLEMENTATION

CIRCUIT USING FPGAs
MR.DONSON PONGPAB
MR.PRINYA THONGKONGTHUN
MR.SATHIT WAIYAPHUN
MR.SOPHAT CHAISAWANGWONG
'ADVISORS

ASSIST.PROF.PRACHURN CHAIGAMGAND

MR.KITIPONG MANO
MR.PIYA JITTHAMMAPIROM
1996

ABSTRACT

This thesis presents the designing of the digital circuit using VHDL language and the
implémentation of the circuit using FPGAs. The two channels timer circuit have been designed by
using the VHDL language. Then,the VHDL language will be converted to be a circuit file. And
then, a circuit file will be converted to be a XNF file and a bit file respectively by the software of
the XILINX Co.,Ltd.. After that, a bit file will be downloaded into the FPGAs device. Finally, the

FPGAs device will be tested. Consequently, the FPGAs device can be work completely.
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ENTITY component_name IS
input and output port.
physical and other parameters.

END component_name;

ARCHITECTURE identifier OF component_name [S
declarations.

BEGIN
specification of the functionality of the component
in terms of its input lines and as influenced
by physical and other parameters.

JEND identifier;
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ENTITY clock_component IS
PORT (en : IN BIT; clk : OUT BIT);

END clock_component;
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ARCHITECTURE behavioral OF clock_component IS
BEGIN
PROCESS
VARIABLE periodic : BIT :='0’;
BEGIN
[Fen=‘1" THEN
periodic := NOT periodic ;
ENDIF;
clk <= periodic ;
WAIT FOR 1 ns;
END PROCESS ;
END behavior ; o

31N 2.6 MIVTTIUTINGANTTNYDA clock_component

Tilsunsuden
nsl9fefFunas Iwsdoeslun1y1 vEDL WSou 1ddun1s 14 ldsunsudosTunts
[ 4 ‘' ' ]
WouTusunsugugana il ArviigndenduniegnnlasuniaslneTusunsudeserseziiniely
a [] L' [ v [Y) 9} ¢ @ 9 a o a ]
finadeasauns laoase u dus11dfsdduunumisnseirluaunmsydunziinanses
a55n9399 TuvazAdus 1 19Tl sunsulunsnfousidavesdeyanselunisdruiuainis
1 -1 141 ' L4 = LY 0
misanawdafee lifnade laseadavessiaund 3ufi 2.7 uaaamsldfeddu Tasdmua
as o o y ° = ~ a o Y [y
1 x Wudanseiiada ununisnsedir luauasyau 3U4 2.8 uaasinsFwesnidudndy

Qs

qyu

e o

FUNCTION hav (a,b,c : BIT) RETURN BIT IS
VARIABLE x:BIT
BEGIN
x = ((NOT a) AND (NOT b) AND¢) ;
RETURN x;

END hav;
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LIBRARY mgc_portable;
USE mgc_portable.gsim_logic.ALL;
ENTITY invert_example IS
PORT (in_a : IN gsim_state; out_b : OUT gsim_state;)
END invert_example
ARCHITECTURE alg OF invert_example IS
PROCEDURE gsim_inverter (SIGNAL bit_in : IN gsim_state;
SIGNAL bit_out : OUT gsim_state) IS
BEGIN .
[F bit_in = ‘1" THEN
bit_out <= ‘0’;

ELSEIF bit_in = ‘0’ THEN

bit_out<="'1";
ELSE
bit_out <= ‘X" ;
ENDIF;
END gsim_state;
BEGIN

gsim_inverter (in_a,out_b) ;

END alg;
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PREDEFINED OPERATORS

LOGICAL OPERATORS: NOT AND OR NAND NOR XOR
OPERAND TYPE: BIT BOOLEAN
RESULT TYPE: BIT BOOLEAN

RELATIONAL OPERATORS: = /= < <= > >=
OPERAND TYPE : ~ any type
RESULTTYPE: Boolean

ARITHMETIC OPERATORS: + - * / MOD REM ABS
OPERAND TYPE: INTEGER REAL Physical
RESULT TYPE: INTEGER REAL Physical

CONCANTENATION OPERATORS : &
OPERAND TYPE : array of any type

RESULT TYPE: array of any type

11 2.9 dnszrirlune VHDL
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e Tindoufuday
Fagnauazaus
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Fyanaldnsuziuaiioudnanaiaui nlalumsdwiuveyauaziiiewves
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nadnfeatesdin msfimuamldfudyepaes [ddydnuel <= lumsdruazanse

14f1d9 AFTER iVofmuagrsnanlumsdediunvesdyg a 19U w <= a AFTER 12 nS

winoisdmuamvesdyain a Wiy w ndannnarruily 12 a8 Tumeassdududuals
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2.3.1 lnsisa (Process)
ﬂ é’ l & 9 v ° 1 Yo o . t
Twsiradlugduuuiugrwedmiianldlumsdmuamldfudyau Insirdezey
Tuaauziinsvundousgienouazsztfidauanudidandendudy Insivadunegmeolu

o

[ a wa o & aa ¢ a 3
ﬁﬂTﬂﬂUﬂiiNUiiUTUlﬁU?ﬂu Twswmzﬂgummmumﬁmu NULMANTIIULINAYU

i
ﬁmmmﬁag'mﬁmumﬁmmﬁ'ﬂgiyﬁ'ﬂynfmsf‘imuﬂﬂ'ﬂﬁ'ﬁuﬁqmpm (<=) NTVUTTUIY
Tnawavzisududoiide PROCESS tazaudusads END PROCESS ; gﬂﬁ 2.10 LAY
Usznouveamsussoouny Insva Fulszaeudlsdiuvesmsdszmasiudsfidedd uaz

dauvesmsUfiaidune i ldnadnsideenis

PROCESS
declarative part
BEGIN
statement part

............................

END PROCESS;

5191 2.10 JUnuVYeIMITUITOIWLLL INTIEre



14

msmmuamnssimeluinsaa-

sansevitnolulnsizadl 3 viafe dauLls (Variable) W8 (File) uazInad
(Constant) %aﬁanszﬁwﬁzqm‘wﬁm‘i”n1ﬂﬁﬂ15ﬂ53ﬂ1ﬁ1"1’1u1ws1w1ﬂ Aaz 14 1Ammwz iy
Tnsauminiu msradefumouenviossnie Insiaa aunsai 18 Taolddyanamde

gnannladseme13ludiuves ARCHITECTURE

PROCESS
FILE flush : TEXT IS IN “filename.dat”;
VARIABLE var: BIT;
CONSTANT n: INTEGER =0;
BEGIN

END PROCESS;

d‘ L L) i o [
51t 2.11 Medunsszmeadinssimolulnsiae

U7 2.11 ugasdredamsiszmndanszimelu s Farzegszniredida.
PROCESS liaz BEGIN midudufignimualdfudinszinmelu Insiaezgminnldlu
muﬁluﬁ'wmmsﬂﬁﬁﬁtﬁuaﬂﬁ"’qxﬁm fiu?"m’fu-?;ag,imu'hiﬂiuﬂsudau‘azQﬂﬁmﬂa’fnﬂﬂ%ﬂﬁ
finsiSonTusunsutoy

psfmuamsasviimelulnsa

asnsziimelu Inseraaziiiuns UfiRuuuddy (Sequencial) terue molulnsira
mmsn'1%'§_1Juumlmms1%’t‘§au'lw?ﬂﬂ1sﬁ1°§1'lﬁvﬁu IF-THEN-ELSE, CASE-WHEN
FOR-LOOP itay WHILE-LOOP fdae1elugilii 2.12 wazgUf 2.13
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ARCHITECTURE demo OF partial_process IS

BEGIN
PROCESS

x<=°1"
IF x="‘1"THEN
perfrom action_1 ;
ELSIF
perfrom action_2 ;
END IF;

..............................

END PROCESS;

END demo ;

g 2.12-Fou lun1snsgyinlu Insie

ARCHITECTURE demo OF partial_process IS

BEGIN
PROCESS
BEGIN

x <=a AFTER 10 nS;
y<=b AFTER 61S;

END PROCESS;

END demo; ‘ i

U7 2.13 manseilulnsid

63
024429
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msnssduiazduginsnssiuelnsisa
° a ¥ a a va - -
nmsnsgiinwlulnsiraesissunion uazlinsdjlidnunnsanarfilinsilasu
d o -3' ' ga ¥ 4 o 4 °

wlasvsungmsalifadu ednlshdmausanssduniedudamsnseinmolunsaa’ld

° o sy 9/ a wva A A ¢ a J o
Tasnisimuasiemsvesdygruidesms I Tnsisayd §iaau delinamsalifiaduiy
v - ° 1 .’f o a4 a -3' o o AN 1M Yo
dyanuisidmua Bmniumemsala q Adedusudagiun lilddmua i lusomsee

1 4

lidawaldimisnseiimeluTnsive swwnisvesdayauiiiundi Sensitivity List uazgn
° g v o w i s 1 o 3
Anua a1 luarudundeiids PROCESS 317 2.14 uaaa (n) Ared e Tumatias (v)daeea
A15U35810N151¥NABYBY D Flip-Flop 317 2.15 uaainisussoroFinginssuveq
D Flip-Flop TasmsiddanseimouenInsiarer uasfistomsvesdayaas (s, set, cli) (iu

dnszaumsdiaaunieluInsira

sUNn 2.14 (n) d7vd19Tuaa D Flip-Flop

ENTITY d_sr_{lipflop IS
GENERIC (sq_delay, rq_delay, cq_delay : TIME := 6 nS),
PORT (d, set, rst, clk : IN BIT; q, gb : OUT BIT);

END d_sr_flipflop;

3UM 2.14 (¥) MIUTTLIWNMSIFONABVO D Flip-Flop
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ARCHITECTURE behavioral OF d_sr_flipflop IS
SIGNAL state : BIT :=*07;
BEGIN
dff: PROCESS (rst, set, clk)
BEGIN
{Fset=*1"THEN
state <= ‘1> AFTER sq_delay;
ELSIFrst="*1"' THEN
state <= ‘0’ AFTER rq_delay;
ELSIF clk = ‘1" AND clk’event THEN
state <= d AFTER cq__delay;
END [F;
END PROCESS;
q <= state;
gb <= NOT state;
END behavioral;

JUT 2.15 MIUTSOWFNGANITTUYOI D Flip-FlopTaun1s 1danssihnouen Twsiza

2.3.2 MIATIvTOUMINITM
- -3 & 4 o ' d' - J
aw1 vEDL s sugtunusmdudieldlumisastegnisnszining ninavuniy

E 4
lugunsel 13dai

ASSERT assertion_condition REPORT “reporting_message” SEVERITY severity_level,

o W d’ ava 4 A4 . L. A 1{]
mﬁquvzqﬂﬂgumummu‘lm assertion_condition AU False UazITUTAI

b . ' a (4 . o o 1Y
49A21U “reporting_Message” TIUNIITUABT severity_level ﬂzl‘ﬂuﬂ’lﬂ‘muﬂi8ﬂUﬂ')1u§u11N

[}
- o

J & 1 o o
ninavu mumrﬂu 4 szmjﬁa Note,Warning,Error 140i& False FEAUVNITUIUUS
=) . o 9 L) ° s A o P 3/
Error 1390 Failure 081’111“ﬂ'limUullUUﬂ‘li‘n‘N'luﬂQﬂYIquﬂﬂx‘lil'lﬂﬂulﬁ’llﬂﬂﬂ'(lﬂﬂ']'m

reperting_message
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ARCHITECTURE behavioral OF d_sr_flipflop IS

BEGIN
ASSERT
(NOT (set="1" AND rst="‘1"))
REPORT
“report and rst both 1”
SEVERITY NOTE;

END behavioral;

1 2.16 M314 ASSERT

d2UsEAU Note 138 Wamning 95uaaa9A1Y reporting_message HASIAUATULLY
n1sviueae 1y auu@dinsideanisasieaoun1siiauves D Flip-Flop luvmzif1ds
. Y o as o ] ] as a ot [ o o
Ao dinadaaalunsdin lufadsisour wu dagana set, rst Taudiu 1> wfourud

ansonsnaeyld Tnounsamds ASSERT ieastvaoudayaaluInsilddegun 2.16

2.3.3 MINYATD
o o o dq ¥ A ] as a0 o &
msugasailugduuudidanldmeminumvesdyguiieg 4 juuuvdsi

WAIT FOR waiting_time;

WAIT ON waiting_sensitivity_list;
WAIT UNTIL waiting_condition;
WAIT;

o w ofa ] °
AdangaseansalFldnoluInsianos InsFieein higniinua Sensitivity List
1 4
5mi1iu WAIT FOR vzngasoiilunauiiny wait_time WAIT ON 93Myas8uUni19sdl
¢ o J v @ -
manIssinaIufLFyeIa waiting_sensitivity_list WAIT UNTIL szngasosuniulouly

waiting_condition 1/aou9n False (U True uae WAIT WHYAs onaoa 1



19

2.3.4 msasesnsenouden
1 4 - a A o

asatesslszneudeniieldlausts dumsussnodalassadadaezdeaims
. A ' 1 o 1 ¥ [ ] .
AmuagaiFoudsszningUnsainieg grunsdseniel3ludiuves Architecture Usznou

1 o o [} o« . ' =
&y 3 drumudiny Aedauilszninedndseney (Component Declaration) A3UNUANAY

= R . [} A o 4 1 Y

510015 8A04041)52n0U (Component Specification) AIUARMUANIHOUABYBINDIANY
o g .. o 4 1
Foyainveeeenlszney (Component Instantiation) 31/ 2.1 TUAAINTUI TH10N15IHOURDIINS

dondan o 2 88N 1 (Multiplex)

COMPONENT DECLARATION
Format: .
COMPONENT identifier_name
PORT (local_port_list);
END COMPONENT;

COMPONENT SPECIFICATION

Format:
FOR component_instruction_label : component_name USE binding_indication ;
Binding_indication :
ENTITY library.entity_name [ (architecture_name) ]
COMPONENT INSTANTATION

Format :

lable : component_declaration_name PORT MAP (association_list) ;

ENTITY mux IS
PORT (d0,dI,sel : INbit ; q : OUT bit);
END mux;
ARCHITECTURE struct OF mux IS
COMPONENT and2
PORT (a,b : INbit ; z: OUTbIt);
END COMPONENT ;
COMPONENT or2
PORT (a,b : INbit ; z: OUTbit);

717 2.17 msussnelassadnvesesiendeain 2 oon 1
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END COMPONENT ;
COMPONENT inv
PORT (i : INbit ; z: OUTbit);
END COMPONENT ;
SIGNAL aa, ab, nsel : bit;
FOR ul :inv  USE ENTITY invert (behav);
FOR u2,u3 :and2 USE ENTITY and_gt (dflw);
FOR u4 :or2 USE ENTITY or_gt (archl);
. BEGIN
ul :inv PORT MAP (sel, nsel);
u2 : and2° PORT MAP (nsel, d1, ab);
u3 :and2 PORT MAP (d0, nsel, aa);
ul :or2 PORT MAP (aa, ab, q);
END struct ;

U7 2.17 msussowslasaainvensendye i 2 ven 1 (A0)

2.3.5 unnng (Package)

) [] a 9 {1 - L :i 9
unsine s nquussrtiadeya TUsunsutesniegnsainieg fosnuuy ldeenuuy

Budnihwswsan Bidungue sgaieiu elieenuuuannsaonidlaazaindagun
2.18

PACKAGE identifier IS
package declaritive_part
END identifier ;

PACKAGE BODY identifier IS
package declaritive_part

END identifier ;

17 2.18 Tassadravesunning
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ua::miﬁliagalﬁwtﬁﬁmmﬁ%ma{ 3N 2.19 uaaInled1 luaataeMIusTIBFatoya
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¥D97995 8-to-1aRNAN Sel_lines iHuduaufismuaiiuyuNeswdyg1udoniis 8
- Y o L4 -] - L. LY é o
Buwn (S7-80) 1A uazthdyaa Tl 1Flunsfinuadondunndaladinia Wy
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ENTITY mux_8 to_11S
PORT (i7, i6, i5, i4, i3, i2,i1,i0 : IN BIT;
57, 56, s5, s4, 3,52,s1,s0: INBIT; z:OUT BIT),
END mux_8 to_I;
ARCHITECTURE dataflow OF mux_8_to_1 IS
SIGNAL sel_line : BIT_VECTOR (7 DOWNTO 0) ;
BEGIN
sel_line <=s7 & 56 & 55 & 54 & s3 & 52 & 5 & s0;
WITH sel_line SELECT
.z<=*0" AFTER 3 NS WHEN “00000000”,
i7 AFTER 3 NS WHEN “10000000”,
i6 AFTER 3 NS WHEN *01000000”,
i5 AFTER 3 NS WHEN *“001000007,
i4 AFTER 3 NS WHEN “00010000”,
i3 AFTER 3 NS WHEN *00001000”,
i2 AFTER 3 NS WHEN “00000100”,
il AFTER 3 NS WHEN “00000010”,
i0 AFTER 3 NS WHEN OTHERS;

END dataflow;

- Y v a o
gﬂ'n 2.19 (%) msmsmumai’fan”amamws 8-to-1 HaAHAN

2.42 Mshmuania

) 3 4 ° LY ° '@ o
lunisvisnaddoya inansadaioulvdmivnsdmuamdyiulanld

(3 A'l é = = [ 4 dy
Taul9fids GUARDED aafigtuuulumsiioudai

target <= GUARDED waveforms or conditional waveforms or selected waveform;

117 2.20 §10613m151% GUARDED 1umsus3619n135%197149043 D Flip-Flop
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n13fMuA GUARDED #i18Tasldtuuumesdida BLOCK mudaulowlunielu
a8y Fewadwin 180 1nruduiiae GUARDED thue lugdfl 221 dumisusserons
11191u494 D flip-flop #nnsiededyarannifimafounaan o du 1ude
ﬁ'wﬂtymm{fu az1fin1 GUARDED gnififiuidoulalumsdmuas iy q uaz gb ufie
#13oulvneluruduiiauiiu FALSE (GUARDED i FALSE) #1 d tag NOT d ez hign

fam 19AU q uaz gb

X

UM 221 (n) Tweavesa D flip-flop

ENTITY d_flipflop IS
GENERIC (delay! : TIME := 4 NS; delay2 : TIME :=5 NS)
PORT (d,c:INBIT; q,qb:OUT BIT);
END d_{lipflop;
ARCHITECTURE guarding OF d_flipflop IS
BEGIN
ff: BLOCK (c = ‘1’ AND NOT c’STABLE)
BEGIN
q <=GUARDED d AFTER delayl ;
gb <= GUARDED NOT d AFTER delay2 ;
END BLOCK ff;

END guarding ;

]

s1lfi 221 (v) @296193m1319 GUARDED
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243 mapmualaseievenia
° ' t [ Y LY ° [ [ 1y A o

srusasimuamiadulassiiodeuiuldlasmsimuauaeageunu Fassm
MWisrmursesenuuuglnsalfiinisdinuiidudouninnidi D flip-flop TufAa0813
$198u fagUf 2.22 uennndyaaduym d ssgndadnlia g TaeliReulvi (e = 1)
AND ( NOT ¢*STABLE )) doailu TRUE udadafifouluiinandniidyg o enable (e)
Zouflu TURE 96 GUARD 1u gate : BLOCK unuifoululan flagnigusn Tunsdiil
nurwdadenlun1oluludy ((c = ‘1') AND (NOT ¢’STABLE )) Juysz#i GUARDED 9%

unusenlvianualunsaiiife (e =*1") AND ((c = ‘1’ ) AND ( NOT ¢’'STABLE ))

—1120 Q

]

ENTITY d_flipflop IS
GENERIC (delay1 : TIME =4 NS ; delay2 : TIME :=5NS)
PORT (d, ¢, e : IN BIT; q, gb : OUT BIT);
END d_flipflop;
ARCHITECTURE guarding OF d_flipflop IS
BEGIN )
edge : BLOCK ((¢=‘1") AND (NOT ¢’STABLE))
BEGIN
gate : BLOCK (e = ‘1’ AND GUARD)
BEGIN
q <= GUARDED d AFTER delayl ;
gb <= GUARDED NOT d AFTER delay2 ;
END BLOCK gate ;
END BLOCK edge;

END guarding ;

911 222 #28619n15194 NESTING GUARDED
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2.4.4 maenusidoya
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uineuld Tunisntyt VHDL ninetls mstmuasininnaedyais Idtudygnofoads
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wlinadwinduauldimloudu dadredalugli 2.23 ez limunsovenldaeiinm

94 circuit_node i uflues lsdranu@ndduwm adu 1’ uazadunmdu Ju o

ENTITY y_circuit IS
PORT (a,b,c,d:INBIT; z:OUTBIT);
END y_circuit;
ARCHITECTURE smoke_generator OF y_circuit IS
SIGNAL circuit_node : BIT ;
BEGIN
circuit_node <= a;
circuit_node <= b;
circuit_node <= c;
circuit_node <= d;
z <= circuit_node ;

END smoke_generator;

51 2.23 msdmuamdygpanhfifannuduau

nrdguiimamsoudlvidlasnsdmuagluuuiedsutundelsidenass
doyn U7 2.24 umasireduiladsudonassdoyauuy AND Sstmualidyanafiduni
Tnuafisatuszgminnsuduludayuzysams AND fudedey doriiledsulugd 2.24
wlfsamtumsusseeluglfi 223 AnmsaudilymiSemnudumuvesdoynld fuans
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FUNCTION anding (drivers : BIT_VECTOR) RETURN BIT IS
VARIABLE accumulate : BIT =1 ;
BEGIN
FOR T IN drivers’ RANGE LOOP
accumulate := accumulate AND drivers(i) ;
END LOOP;
RETURN accumulate ;
END anding ;

517 2.24 RardFuidenassPoyauuy anding

ARCHITECTURE wired_and OF y_circuit IS
FUNCTION anding (drivers : BIT_VECTOR) RETURN BIT IS
VARIABLE accumulate : BIT :=*1";
BEGIN
FOR i IN drivers’ RANGE LOOP
accumuiate := accumulate AND drivers(i);
END LOOP;
RETURN accumulate ;
END anding ;
SIGNAL circuit_node : anding BIT ;
BEGIN
circuit_node <= a;
circuit_node <= b;
circuit_node <= ¢;
circuit_node <= d;
z <= circuit_node ;

END wired_and ;

317 2.25 M5 199U anding Aumsidonassdoya
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11U 2.26 () Tumavesdunesinesion

Entity inv IS
PORT (il: IN BIT; ol: OUT BIT);

End inv;

U1 2.26 (9) MIVTILIWNTIHOUAD
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ARCHITECTURE single_delay OF inv IS
BEGIN
ol <=NOT il ARTER 4 nS;

End single_delay;

317 2.26 (A) MIVTTNIWMITINUY

ANl
H YY) 's g -y Py
171 2.27 uerAadydnEalaEMIVTTOWIBAMUAINYTA 2 BUNN

U

nand2

—{ i 01 F—

— i

U 2.27 (7) Tumaveauuuaan 2 Suwm

ENTITY nand2 IS
PORT (i1 ,i2: INBIT; ol : OUT BIT);
END nand2 ;

7

51#1 2.27 (v) MIuTIEWMSIFONAD

ARCHITECTURE single_delay OF nand2 IS
BEGIN
ol <= il NANDi2 AFTERS5nS;
END single_delay ;

1.|'71 2.27(n) AMSUTTYWATNIY
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i e 4 Y o
5171 2.28 uansdgydnualuazmIussowvoUUAINYTA 3 Bun

nénd3
—{n
—{ i o il

—{is

7171 228 (n) Tuiravoauuusian 3 Suwn

ENTITY nand3 IS
PORT (il, i2, i3 : IN BIT; ol : OUT BIT);
END nand3;

51lN12.28 () MIUTILWMSITOUAD

ARCHITECTURE single_delay OF nand3 IS
BEGIN
ol <= NOT (il NAND {2 AND I3 ) AFTER 6 nS;
END single_delay ;

JUN 2.28 (A) MIUTILWMIHINI

d' 1 Jd'
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Four Bit Comparator
Data —S41a
4
Inputs —~1B AB ——
Compare
A= Outputs
A<B |
—_—1>
Control
Inputs
<

)

U 229 2esifSouiisunazia

iy A>B fiaudiu <1’ iefuwn A Tdwnad1 B (AB = 10) 3o Ani1iiu B uaz
a a o o A a "W a )
duym > faudiu 1 1enwinn A =B fiauthi 1’ Weduwm A wify B uazduwn = Taudy
' s Y o % v A A A a -
‘1’ d2ueiym A < B szasaduiuweniyn A > B wWudeliduilu ‘1 fleduwyn A 1
) L\ 1 @ o ’ é ~
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—{ eq
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ENTITY bit_comparator IS
PORT( a,b, -- data inputs
gt, -- previous greater than
eq, - previous equal
It : IN BIT; -- previous less than
agth, -- greater
aeqb, — equal
altb :OUTBIT); - less than i
END bit_comparator;
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ARCHITECTURE gate_level OF bit_comparator IS
COMPONENT nl1 PORT (11 : IN BIT; ol : OUT BIT); END COMPONENT;
COMPONENT nl PORT (11, 12 : IN BIT; ol : OUT BIT); END COMPONENT;
COMPONENT nl PORT (11, 12, I3 : IN BIT; ol : OUT BIT); END COMPONENT;

FOR ALL : n] USE ENTITY WORK.inv (single_delay);
FOR ALL : n2 USE ENTITY WORK nand2 (single_delay);
FOR ALL : n3 USE ENTITY WORK.nand3 (single_delay);
SIGNAL im], im2, im3, im4, im5, im6, im7, im8, im9, im10 : BIT;
BEGIN
-~ a_gt boutput
g0 : nl PORT MAP (a, iml);
gl : nl PORT MAP (b, im2);
g2 : n2 PORT MAP (a, im2, im3);
g3 : n2 PORT MAP (a, gt, im4);
g4 : n2 PORT MAP (im2, gt, im5);
g5 :n3 PORT MAP (im3, im4, im5, a_gt_b);

—a_eq_b output
g6 : n3 PORT MAP (iml, im2, eq, im6);
g7 :n3 PORT MAP (a3, b, eq, im7);
g8 : n2 PORT MAP (im6, im7, a_eq_b);

~—a_lt_boutput
g9 : n2 PORT MAP (iml, b, im8);
g10: n2 PORT MAP (iml, It, im9);
gl1:n2 PORT MAP (b, It, im10);
g12:n3 PORT MAP (im8, im8, im10,a_it_b);
END gate_level;

519 2.32 msusseensviiniunme lunesulSouisunaziia
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ENTITY nibble_comparator IS
PORT (a, b, IN BIT_VECTOR (3 DOWNTO 0); -- data inputs

gt, -- previous greater than
eq, -- previous equal
It: IN BIT; -- previous less than
a_gth, -- a greater than b
a_eq b, --aequalb
a_lt b:OUT BIT), -~ alessthanb

END nibble_comparator;

717 2.35 (¥) MFUIILIWNIYBUABYDIINS nibble_comparator

ARCHITECTURE iterative OF nibble_comparator IS

COMPONENT comp! ™
PORT (a, b, gt, eq, It : IN BIT; a_gt_b,a_eq b, a_lt b:OUT BIT);

END COMPONENT;
FORALL :compl USE ENTITY WORK.bit_comparator (gate_level);
SIGNAL im : BIT_VECTOR (0 TO 8);

BEGIN
c0 :compl PORT MAP (a(0), b(0), gt, eq, It, im(0), im(1), im(2));
clto2 : FORiIN 1 TO2 GENERATE
¢ :compl PORT MAP (a(i), b(i), im(i*3-3), im(i*3-2), im(i*3-1),

im(i*3+0), im(i*3+1), im(i*3+2));
END GENERATE;
c3 :compl PORT MAP (a(3), b(3), im(6), im(7), im(8),
a gt b,a_eq b,a_lt_b);

END iterative;

1% 2.36 MIVTTYWMINNIUYDINIG
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nibble _comparator(iterative)
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2.6 Tnssahameluvesginisi FPGAs

FPGAs SaifluasessaummzArianifiaunsa lsunsudurenduavlan A4
$uideafy EPLD a1efudi EPLD Tdsunsuatuu EPROM nwlu uazamisaldsunsy
T 1gndemitlaudisuas UV ud FPGAs Tsunsuasuuauadnusunsludodeya
fingabuen uazaw15nTﬂsunw‘lﬂﬁ"lﬁ'Tﬂums?Mﬂﬁ'wﬁmﬂunm"lﬂ%uanmmfu FPGAs
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P J “ a o a o P aw a0
2395570 gtanldlu lnssuiinda Taousim leded Xilinx) Fufluuiiniiinms
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Juadhimmusimdusyle (M adadlunguusaunnsiuau 600-25,000 inn Aaeradly
P oy o 91 Hy Y
a5 2.1 nsfdesuenvuiavesnssaudusnmunamsige 14§ hvuiavesisnsi 14

sonuuy 13aunse Tsunsuaauua9ssan FPGAs lanseli

FPGAs Appr.Gate Count | Max I/Os | Flip-Flops | RAM bits | Available CLBs
XC2064 1,000 58 122 0 64
+ 1 XC2018 1,500 74 174 0 * IE)O
! XC3020/3120 1,800 64 256 0 ) 64
X_C303(;/3 130 2,700 80 360 0 100
XC3042/3142 3,700 96 480 0 ) 144
XC3064/3164 5,500 120 688 0 | 244 T
}&C3090/3 190 7,500 144 928 0 320
XC3195 9,000 176 1,320 0 484
-XC4002A 2,000 647 256 2,048 164
XC4003/4003A 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 6,072 196
XC4005H 5,000 192 392 6,272 196
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£pGAs HlnssadunwlulndiResduaarinonssuveunnesd (GAL, Gate Amray
Logic) 310 asaTsunsuuazauneunQs$u (Configuration) MuluauAAnUIY (Static
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Parallel EPROM 113® Serial PROM #1901 EPLD, PAL #i5 EPROM aglus awlu FPGAs
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o J 3 ] ] .
$12una TdunYunasAdY itwaziaaiiundt CLB (Configurable Logic Block)

2.7 dauTiiluesnlseneuvesasdn (Configurable Logic Block)
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2.9 Mwazduamil¥auveginsal FPGAs
FPGAs aunsavan dnaednyae Taofmualdfividayana Mo M1 M2 Suans
Tum1s197t 2.3 ludnyasanmasinsusa (Master Parallel Mode) 31 Tlsunsuneufiniias
111 (Byte) minmiaeanuinsneniifunuuvuin Tasaunsou Tdsunsuneufin
(Config) 1NLDAIATH (Address) G‘im?aqaﬁauﬁ‘lﬁ’ MsAoanuULIneTINSa (Peripheral)
vz Suldsunsuneuiniias 11uvenluIns T siwawes TavmuisaTaneunuldimieu
niolifierudoyadely nsdednunraan@Sun (Slave Serial ) sxuTolsunsuneufiniiay
1 1in Bit) ninluTas Tdsismaesmudyanuduwm CCLK dumsdednuaziainea5ea

(Master Serial) 931 T sunsuneudintiaz 1 innnmiasanuiimeuenfidiuuuueynsy

Mode M2 Ml MO CCLK Data
Master Serial 0 0 0 output Bit-Serial
Slave Serial 1 1 1 input_ Bit-Serial
Master Parallel up 1 0 0 output Byte-Wide, 00000 up
Master Parallel down 1 1 0 output Byte-Wide,3FFFF down.
Peripheral Synchr. 0 1 1 input Byte-Wide
Peripheral Asynchr. 1 0 1 output Byte-Wide
Reserved 0 1 0 --- -
Reserved 0 0 1 - -
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if (bus0 = "1010")then
bus0 := "0000";
busl := (busl + "0001");
carryout <="0';
end if;
if (busl ="0110") then
bus0 := "0000";
busl :="0000";
carryout <="'1";
else
carryout <="'0";
end if;
else
bus0 := "0000";
busl := "0000";
end if;
bedsecO <= bus0;
bedsecl <=busl;
end if:
END PROCESS W ;

END behavioral ;
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c’l ] a U4 [} [ 1 ' a’ 1
18 TsunsuveeIeesAaIaIvIA 3 Featianysel msutamsesnuuuiiludiugesiissnun

° ' ' ¥ r A Y o q¥ J ¥ s
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
LIBRARY synth;
USE synth.vhdlsynth.all;
ENTITY Timer is .
PORT ( clk_1hz 1IN std_logic;
clk_15hz :IN std_logic;
reset :IN std_logic;
settime :IN std_logic;
sethour :IN std_logic;
setminute :IN std_logic;
tsec_out0 :OUT std_logic_vector(3 downto 0);
tsec_outl T .ouT std_logic_vector(3 downto 0);
tmin_out0 :OUT std_logic_vector(3 downto 0);
tmin_outl :OUT std_logic_vector(3 downto 0);
thr_out0 :OUT std_logic_vector(3 downto 0);
thr_outl :OUT std_logic_vector(3 downto 0));
END Timer;
ARCHITECTURE behavioral OF Timer IS
COMPONENT Tsecond
PORT ( clk :IN std_logic;
reset :IN std_logic;
bedsecO :OUT std_logic_vector (3 downto 0);
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bedsecl
carryout
END COMPONENT;
COMPONENT Tminute
PORT ( clk
reset
bedmin0
bedminl
~ carryout
END COMPONENT;
COMPONENT Thour
PORT (clk
reset
bedhour0
bedhourl

END component;

SIGNAL bus_reset
SIGNAL gate_reset
SIGNAL to_clock
SIGNAL to_clk_min
SIGNAL to_clk_hr
SIGNAL clk_minute
SIGNAL clk_hour
SIGNAL c_to_minute
SIGNAL c_to_hour
BEGIN

bus_reset

:OUT std_logic_vector (3 downto 0);
:OUT std_logic);

:IN std_logic;

:IN std_logic;

:OUT std_logic_vector (3 downto 0);
:OUT std_logic_vector (3 downto 0);
:OUT std_logic);

:IN std_logic;

:IN std_logic;

:OUT std_logic_vector (3 downto 0);
:OUT std_logic_vector (3 downto 0));

:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;

:std_logic;

<= reset OR gate_reset;
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to_clk_min <= ¢_to_minute OR clk_minute;
to_clk_hr <= c_to_hour OR clk_hour;
PROCESS (settime, sethour, setminute, clk_1hz, clk_15hz)
BEGIN
IF (settime ='1') THEN
IF (sethour ='0") THEN
IF (setminute ='0") THEN

to_clock <=clk_lhz;
gate_reset <='04
clk_minute <='0"
clk_hour <='0";

ELSIF (setminute ='1") THEN

to_clock <="0";
gate_reset <="0";
clk_minute <= clk_15hz;
clk_hour <="'0";

end if;
ELSIF (sethour ='1') THEN
IF (setminute ='0') THEN

to_clock <='0"
gate_reset <='0';
clk_minute <='0";
clk_hour <= clk_15hz;

ELSIF (setminute ='1') THEN

to_clock <=clk_lhz;
gate_reset <="0";
clk_minute <="0"
clk_hour <="0";

U7 3.8 mIussneBs TaseadeveadeeTuiienm (@e)




END IF;

END IF;

ELSIF (settime ='0") THEN

to_clock
gate_reset
clk_minute
clk_hour
END IF;
END PROCESS;

block0: Tsecond
PORT map (clk
reset
bedsecO
bedsecl
carryout
blockl: Tminute
PORT map (clk
reset
bedmin0
bedminl
carryout
block2: Thour
PORT map (clk
reset
bedhour0
bedhourl
END behavioral;

<=clk_lhz
<= Iol;
<= lOl;

=0
<="0";

=> to_clock,

=> bus_reset,
=> tsec_out0,
=> tsec_outl,

=>¢_to_minute);

=>to_clk_min,
=> bus_reset,
=> tmin_out0,
=> tmin_outl,

=>¢_to_hour);

=>to_clk_hr,
=> bus_reset,
=>thr_out0,

=> thr_outl);
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--—----=> Project Digital Alarm Clock 2 Channel E—

------ By Mr. Satith Waiyaphan ‘ 38031328 —

Mr.Donson  Pongphab 38031304 —

------ Mr. Prinya Thongkongthun 38031315 —_

------ Mr.Sophat Chatsawangwong 38031332 _
LIBRARY ieee;

USE teee.std_logic_1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth.all;
ENTITY Aclock IS
PORT ( reset :IN std_logic;
clk_15hz :IN std_logic;
setosc :IN std_logic;
set_outa :IN std_logic;
set_outb :IN std_logic;
settime /INistd_logic;
setalarm :IN std_logic;
sethour :IN std_logic; 7-
setminute :IN std_logic;
led lhz :OUT std_logic;
c_out :OUT std_logic:
c_outl :OUT std_logic;
seg_minQ :OUT std_logic_vector(6 downto 0);
seg_minl :0UT std_logic_vector(6 downto 0);
seg_hr0 :OUT std_logic_vector(6 downto 0);
seg_hrl :0UT std_logic _vector(6 downto 0));

END Aclock;
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ARCHITECTURE behavioral OF Aclock IS

COMPONENT osc

PORT ( clk "IN std_logic;
setin :IN std_logic;
clkout :OUT std_logic);

END COMPONENT;

COMPONENT Timer
PORT (clk_1hz :IN std_logic;
clk 15hz :IN std_logic;
reset :IN std_logic;
settime :IN std_logic;
sethour :IN std_logic;
setminute :IN std_logic;
tsec_out0 :OUT std_logic_vector (3 downto 0);
tsec_outl :OUT std;_logic_vector (3 downto 0);
tmin_out0 :0OUT std_logic_vector (3 downto 0);
tmin_outl :OUT std_logic_vector (3 downto 0);
thr out0. __ :OUT std_logic_vector (3 dowato 0);
thr_outl :0UT std_logic_vector (3 downto 0));
END COMPONENT;
COMPONENT Alarm
PORT ( clk_15hz :IN std_logic;
reset :IN std_logic;
setalarm :IN std_logic;
sethour N std_logic;
setminute :IN std_logic;

asec_out0 :OUT std_logic_vector(3 downto 0);



asec_outl
amin_out0
amin_outl
ahr_out0
ahr_outl
END COMPONENT;

COMPONENT Alarm1

PORT (clk_15hz

V reset
setalarm
sethour
setminute
asecl_out0
asecl_outl
-aminl_out0
aminl_outl
ahrl_out0
ahrl outl

END COMPONENT;

COMPONENT control
PORT (in_puta
in_putb
out 0
out_l

END COMPONENT;

COMPONENT Multi
PORT (set_a
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:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0));

:IN std_logic;

:If\l std_logic;

:IN std_logic;

:IN std_logic;

:IN std_logic;

:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0));

:IN std_logic;

:IN std_logic;

:OUT std_logic;
:OUT std_logic);

:IN std_logic;
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set b :IN std_logig;

a0_min0 :IN std_logic’ vector(3 downto 0);
a0_minl :IN std_logic_vector(3 downto 0);
a0_hour :IN std_logic_vector(3 downto 0);
a0_hour :IN std_logic_vector(3 downto 0);
al_min0 :IN std_logic_vector(3 downto 0);
al_minl :IN std_logic_vector(3 downto 0);
al_hour :IN std_logic_vector(3 downto 0);
al_hour :IN std_logic_vector(3 dov_vnto 0);

bcd_minte0 ° :OUT std_logic_vector(3 downto 0);

bcd minutel  :OUT std_logic_vector(3 downto 0);

bed_hour0 :OUT std_logic_vector(3 downto 0);
bed_hourl :OUT std_logic_vector(3 downto 0));

END COMPONENT;

COMPONENT Multiplx

PORT ( setalarm :IN std_logic;
tbcdminO :IN std_logic_vector(3 downto 0);
tbecdmint :IN std_logic_vector(3 downto 0);
tbcdhour0 :IN std_logic_vector(3 downto 0);
tbcdhouri :IN std_logic_vector(3 downto 0);
abcdminQ :IN std_logic_vector(3 downto 0);
abcdminl N std_logic_vector(3 downto 0);
abedhour0 :IN std_logic_vector(3 downto 0);

~abcdhourl :IN std_logic_vector(3 downto 0);

bed_minute0  :OUT std_logic_vector(3 downto 0);

bcd minutel  :OUT std_logic_vector(3 downto 0);

bed_hour0 :OUT std_logic_vector(3 downto 0);

bed_hourl :OUT std_logic_vector(3 downto 0));
END COMPONENT;
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COMPONENT compara
PORT ( reset :IN std_logic;
tbcdsecO !IN std_logic_vector(3 downto 0);
tbedsecl :IN std_logic_vector(3 downto 0);
tbcdmin0 :IN std_logic_vector(3 downto 0);
tbcdhour0 :IN std_logic_vector(3 downto 0);
tbcdhourl :IN std_logic_vector(3 downto 0);
abcdsecO :IN std_logic_vector(3 downto 0);
abcdsecl :IN std_logic_vector(3 downto 0);
abcdmin0 :IN std_logic_vector(3 downto 0);
abcdminl :IN std_logic_vector(3 downto 0);
abcdhour0 :IN std_logic_vector(3 downto 0);
abcdhourl :IN std_logic_vector(3 downto 0);
comp_out :0OUT std_logic);
END COMPONENT;
COMPONENT compral
PORT ( reset :IN std_logic;
tbcdsecO :IN std_logic_vector(3 downto 0);
tbedsecl :IN std_logic_vector(3 downto 0);
tbcdminQ - :IN std_logic_vector(3 downto 0);
tbcdminl :IN std_logic_vector(3 downto 0);
tbcdhour0 :IN std_logic_vector(3 downto 0);
tbcdhourl :IN std_logic_vector(3 downto 0);
abcdsec( :IN std_logic_vector(3 downto 0);
abcdsecl (N std_logic_vector(3 downto 0);
abcdmin0 :IN std_logic_vector(3 downto 0);
abcdminl :IN std_logic_vector(3 downto 0);
abcdhour0 N std‘_logic_vector'(3 downto 0);

abcdhourl :IN'std_logic_vector(3 downto 0);



comp_outl

'END COMPONENT;

COMPONENT seg70
PORT (inputs.
segout

END COMPONENT;

COMPONENT seg71
PORT (inputs
segout

END COMPONENT;

COMPONENT seg72
PORT ( inputs
segout

END COMPONENT;

COMPONENT seg73
PORT ( inputs
segout

END COMPONENT:

SIGNAL bus_clk_lhz
SIGNAL bus_clk 15hz
SIGNAL bus_reset
SIGNALA bus_set_outa
SIGNAL bus_set_outb
SIGNAL bus_settime
SIGNAL bus_setalarm

125

:OUT std_logic);

:IN std_logic_vector (3 downto 0);

:OUT std_logic_vector (6 downto 0));

[ 28

:IN std_logic_vector (3 downto 0);

:OUT std_logic_vector (6 downto 0));

:IN std_logic_vector (3 downto 0);

:OUT std_logic_vector (6 downto 0));

:IN std_logic_vector (3 downto 0);

:OUT std_logic_vector (6 downto 0));

:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;

:std_logic;



SIGNAL bus_sethour
SIGNAL bus_setminute
SIGNAL bus_out 0
SIGNAL bus_out_1
SIGNAL t_bcd_secO
SIGNAL t_bed_secl
SIGNAL t_bcd_minute0
SIGNAL t_bcd_minutel
SIGNAL t_bcd_hour0
SIGNAL t_bcd_hourl
SIGNAL a_bcd_minute0
SIGNAL a_bcd_minutel
SIGNAL a_bcd_hour0
SIGNAL a_bcd_hourl
SIGNAL bced_out_min0
SIGNAL bed_out_minl
SIGNAL bed_out_hr0
SIGNAL bed_out_hrl
SIGNAL b_asec_out0
SIGNAL b_asec_outl
SIGNAIl b_amin_out0
SIGNAL b_amin_outl
SIGNAL b_ahr_out0
SIGNAIl b_ahr_outl
SIGNAL b_asecl_out0
SIGNAL b_asecl_outl
SIGNAL b_aminl_out0
SIGNAL b_aminl_outl
SIGNAL b_ahrl_out0
SIGNAL b_ahrl_outl
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:std_logic;

:std_logic;

:std_logic;

:std_logic;

std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0); .
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std_logic_vector (3 downto 0);
:std. logic_vector (3 downto 0);

:std_logic_vector (3 downto 0);



BEGIN

bus_reset <
bus_clk_15hz <=
led_lhz <=
bus_settime = <=
bus_setalarm <=
bus_sethour <=
bus_setminute <=
bus_set outa <=

bus_set outb <=

block0: osc
PORT map (<lk
setin

clkout

blockl: Timer

PORT map ( clk_1hz
clk_15hz
reset
settime
sethour
setminute
tsec_out0
tsec_outl
tmin_out0
tmin_outl
thr_out0

thr_outl

reset;
clk_15hz;
bus_clk lhz;
settime;
setalarm;
sethour;
setminute;
set_outa,

set_outb;
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bus_clk_15hz,
setosc,

bus_clk_1hz);

bus_clk lhz,
bus_clk_15hz,

bus_reset,

-bus_settime,

bus_sethour,
bus_setminute,
t bed_secO,
t_bed_secl,

t bed_minute0,
t_bcd_minutel,
t_bed_hour0,
t_bed_hourl);
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block2: Alarm
PORT map (clk_15hz => bus_clk_15hz,
reset => bus_reset,
sefalargn => bus_out_0,
sethour => bus_sethour,
setminute => bus_setminute,
asec_out0 = b_asec_out0,
asec_outl => b_asec_outl,
amin_out0 => b_amin_out0,
i amin_outl => l;_amin_outl )
ahr _out0 => b_ahr_out0,
ahr_outl => b_ahr _outl);
block3: Alarml
PORT map (clk_15hz => bus_clk 15hz,
reset => bus_reset,
setalarm => bus_out_l1,
sethour = bus_sethour‘,
setminute = bus_setminute,
asécl_out0 => b_asecl_out0,
asecl_outl => b_asecl_outl,
aminl_out0 = b_aminl_out0,
aminl_outl = b_aminl_outl,
ahrl out0 => b_ahrl out0,
ahrl outl => b_ahrl_outl);
block4: control
PORT map (in_puta => bus_set_outa,
in_putb => bus_set_outb,

out_0 => bus_out_0,



block5: multi

out_]

PORT map ( set_a

set_b
a0_min0 -
a0_minl
a0_hour0
a0_hourl
al_min0
al_minl
al_hour0
al_hourl
bcd_minuteO
bed _minutel
bed_hour0
bed_hourl

block6: Multiplx

PORT map ( setalarm

tbcdminO
tbcdminl
tbcdhour)
tbcdhourl
abcdmin0
abcdminl
abcdhour(
abcdhourl
bed_minuteQ

bed _minutel

bus_out_1);

bus_set_outa,
bus_set_outb,
b_amin_out0,
b_amin_out],
b_ahr out0,
b_ahr outl,
b_aminl_out0,
b_aminl_outl,
b_ahrl_out0,
b_ahrl outl,
a_bcd_minute0,
a_bcd_minutel,
a_bcd_hour0,
a_bed_hourl);

bus_setalarm,

t bed_minute0,
t becd_minutel,
t bed_hour0,

t bed_hourl,
a_bcd_minute0,
a_bcd minutel,
a_bcd_hour(,
a_bced_hourl,
bed_out_min0,

bed_out_minl,
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bed _hour0 => bed_out_hr0,
bed_hourl => bed_out_hrl);

block7: compara

PORT map ( reset => bus_reset,
tbedsecO => t_bcd_secO,
tbedsecl => t bed_secl,
tbcdminO => t_bcd_minute0,
tbcdminl => t bcd_minutel,
tbcdhour0 => t_bcd_hourO,
tbedhourl => t bed_hourl,

] abcdsecO => b_asec_out0,
abcdsecl => b_asec_outl,
abcdmin0 = b_amin_out0,
abcdminl => b_amin_outl,
abcdhour0 => b_ahr out0,
abedhourl = b_ahr outl,
comp_out => c_out);

block8: comparal

PORT map ( reset => bus_reset,
tbcdsecO = t_bed_secO,
tbedsecl => t_bed_secl,
tbcdminO => t bcd_minuteO,
tbcdminl => t_bcd_minutel,
tbcdhour0 => -t_bed_hour0,
tbedhourl => t_bed _hourl,
abcdsecO => b_asecl_out0,
abcdsecl => b_asecl_outl,

abcdminQ => b_aminl_out0,
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abcdminl => b_aminl_outl,

abcdhour0 => b_ahrl_out0,
abcdhourl => b_ahrl_outl,
comp_outl => c_outl);

block9: seg70
PORT map ( inputs => bed_out_min0,

segout => seg_min0);

block10: seg71
PORT map ( inputs => bed_out_minl,

segout => seg_minl);

block11: seg72
PORT map ( inputs => bed_out_hr0.

segout => seg_hr0);
block12: seg73
PORT map ( inputs => bed_out_hrl,

segout => seg_hrl);

END behavioral;



LIBRARY ieee;

USE ieee.std_logic 1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth.ALL;

ENTITY Alarm IS

PORT ( clk_15hz
reset
setal;um
sethour
setminute
asec_out(
asec_outl
amin_out0
amin_outl
ahr_out0
ahr_outl

END Alarm;
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:IN std_logic;

N std_logic;

:IN std_logic; -

:IN std_logic;

:IN std_logic;

:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0));

ARCHITECTURE behavioral OF Alarm IS

COMPONENT Asecond
PORT ( clk :IN std_logic;
reset IN std_logic;
bedsecO :OUT std_logic vector (3 downto 0);
bedsecl :OUT std_logic_vector (3 downto 0);
carryout :OUT std_logic);

END COMPONENT;



COMPONENT Aminute

PORT (clk
reset
bedmin0
bedminl
carryout -
END COMPONENT;

COMPONENT Ahour

PORT ( clk
reset
bedhour0
bedhourl
END COMPONENT;

SIGNAL bus_reset
SIGNAL gate_reset
SIGNAL to_clock
SIGNAL to_clk_min
SIGNAL to_clk_hr
SIGNAL clk_minute
SIGNAL clk_hour
SIGNAL c_to_minute
SIGNAL c_to_hour

BEGIN
bus_reset
to_clk _min

to_clk_hr
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:IN std_logic;

:IN std_logic;

:OUT std_logic_vector (3 downto 0);
:OUT std_logic_vector (3 downto 0);
:OUT std_logic); .

:IN std_logic;

:IN std_logic;

:OUT std_logic_vector (3 downto 0);
:OUT std_logic_vector (3 downto 0));

:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;

:std_logic;

*

<=reset OR gate reset;
<=¢_to_minute OR clk_minute;

<=c_to_hour OR clk_hour;
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PROCESS (setalarm, sethour, setminute, clk_15hz)
BEGIN
IF (setalarm ='1") THEN
IFO (sethour = '0") THEN
IF (setminute ='0") THEN

to_clock <='0";
gate_reset <='0";
clk_minute <='0;
clk_hour <='0";

" ELSIF (setminute ='1') THEN
to_clock <='0";
gate_reset <='0';
clk_minute <=clk_I15hz;
clk_hour <='0';

END IF;
ELSIF (sethour ='1") THEN
IF (setminute ='0") THEN

to_clock <='0";
gate_reset <='0"
clk_minute <='0";
clk_hour <=clk_15hz;

ELSIF (setminute ='1") THEN

to_clock <="0";

gate_reset <="0'";

clk_minute <="0";

clk_hour <="0"
END IF;

END IF;
ELSIF (setalarm = '0') THEN

to_clock <='0";



gate_reset
clk_minute
clk_hour
END IF;
END PROCESS;

block0: Asecond
PORT map (clk
reset
bedsecO
bedsecl

carryout

blockl: Aminute
PORT map (clk
reset
btdmin0

becdminl

carryout

block2: Ahour

PORT map (clk
reset
bedhour0
bedhourl

END behavioral;

<= IOI;
<= 101;

<= lo!;

Il
\

Il
\

1
\

435 .

to_clock,
bus_reset; -
aséc_outO,
asec_out] 1,

c_to_minute);

to_clk_min,
bus_reset,

amin_out0,
amin_outl,

c_to_hour);

to_clk_hr,
bus_reset,
ahr_out0,
=> ahr_outl);



LIBRARY ieee;
USE ieee.std_logic 1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth. ALL;

ENTITY Alarml IS

PORT ( clk_15hz
reset
setalarm
sethour
setminute
asecl_out0
asecl_outl
aminl_out0
aminl_outl
ahrl_out0
ahrl_outl

END Alarml;
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:IN std_logic;
:IN std_logic;
:IN std_logic;
:IN std_logic;
:IN std_logic;
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);

:OUT std_logic_vector(3 downto 0));

ARCHITiECTURE behavioral OF Alarm] IS

COMPONENT Asecond
PORT ( clk
reset
bedsecO
bedsecl
carryout
END COMPONENT;

:IN std_logic:

:IN std_logic;

:OUT std_logic_vector (3 downto 0);
:OUT std_logic_vector (3 downto 0);
:OUT std_logic);
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COMPONENT Aminute
PORT (clk :IN'std_logic;
reset :IN std_logic;
bedmin0 :OUT std_logic_vector (3 downto 0);
bedminl ‘OUT std_logic_vector (3 downto 0);
carryout 4 our std_logic);
END COMPONENT;
COMPONENT Ahour
PORT (clk :IN std_logic;
reset :IN std_logic;
bedhour0 :0UT std_logic_vector (3 downto 0);
bedhourl :OUT std_logic_vector (3 downto 0));
END COMPONENT;
SIGNAL bus_reset :std_logic;
" SIGNAL gate_reset :std_logic;
SIGNAL to_clock :std_logic;
SIGNAL to_clk min  :std_logic;
SIGNAL to_clk_hr :std_logic;
SIGNAL clk_minute :std_logic;
SIGNAL clk_hour :std_logic;
SIGNAL c_to_minute :std_logic;
SIGNAL c_to_hour :std_logic;
BEGIN
bus_reset <= reset OR gate_reset;
to_clk_min <= c_to_minute OR clk_minute;
to_clk_hr <= ¢_to_hour OR clk_hour;

PROCESS (setalarm, sethour, setminute, clk_15hz)
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BEGIN
IF (setalarm ="'1") THEN
“IF (sethour ='0") THEN
IF (setminute ='0") THEN

to_clock <='0';
gate_reset <='0";
clk_minute <='0";
clk_hour <='0";

ELSIF (setminute ='1') THEN
to_clocic <="0
gate_reset <='0";
clk_minute <=clk_15hz;
clk_hour <='0";

END IF;

ELSIF (sethour ='1') THEN

IF (setminute ='0") THEN

to_clock: <='0";
gate_reset <='0;
clk_minute <='0";
clk_hour <=clk_15hz;

ELSIF (setminute ='1') THEN

to_clock <='(;
gate_reset <='0";
clk_minute <='0,
clk_hour <='0
END IF;
END IF;

ELSIF (setalarm ='0") THEN
to_clock <='0";

_gate_reset $="'0";



clk_minute
clk_hour
END IF;
END PROCESS;

block0: Asecond

PORT map ( clk
reset
bedscO
bedsecl

carryout

blockl: Aminute
PORT map ( clk

reset

bcdminQ
becdminl

carryout

block2: Ahour
PORT map ( clk

reset

bedhourQ
bedhourl

END behavioral;
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<="0";

<='0";

=> to_clock,
=> bus_reset,
=> aasecl_out0,
=> asecl_outl,
= c_to_minute);
=> to_ctk_min,
=> bus_reset,
=> aminl_out0,
=> aminl_outl,
=> c_to_hour);
=> to_clk_hr,
=> bus_reset,
=> ahrl_outO,
=> ahrl_outl);
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth.all;
ENTITY Ahour IS
PORT (clk :IN std_logic;
reset AN std_logic;

bedhour0 :OUT std_logic_vector (3 downto.0);
bedhourl :OUT std_logic_vector (3 downto 0));
END Abhour;

ARCHITECTURE behaveioral OF Ahour IS
BEGIN
W: PROCESS (clk)
variable bus0 : std_logic_vector( 3 downto 0):= "0000";

variable bus1 : std_logic_vector( 3 downto 0):= "0000";

BEGIN
IF (clk'event and clk = '1') THEN
IF (reset ='0") THEN B
busO := (bus0 + "0001");
IF (bus0 ="1010") THEN
bus0 := "0000";
busl := (busl + "0001");
END IF;
[F (bus1 = "0010") and (bus0 = "0100") THEN

bus0 := "0000";
busl := "0000";
END IF;

ELSE



bus0 := "0000";
bus! = "0000";
END IF;
bedhourQ <= busO;
bedhourl <= busl;
END IF;
END PROCESS W;
END behaveioral;



LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth.all;
ENTITY Aminute IS
PORT ( clk N std_logic;
reset :IN std_logic;
bcdmin0 :OUT std_logic_vector (3 downto b);
) bedminl :OUT std_logic_vector (3 downto 0);
carryout :OUT std_logic);
END Aminute;

ARCHITECTURE behaveioral' OF Aminute IS
BEGIN
W: PROCESS (clk)
variable bus0 : std_logic_vector( 3 downto 0):= "0000";

variable busl : std_logic_vector( 3 downto 0):= "0000";

BEGIN
[F (clk'event and clk ='1') THEN
IF ( reset ='0") THEN
bus0 := (bus0 + "0001");
IF (bus0 ="1010") THEN
bus0 := "0000";
busl := (busl + "0001");
carryout <="'0';
END IF;
IF (busl ="0110") THEN
bus0 := "0000";



END IF;

ELSE

busl :="0000";

carryout <="l";
ELSE

carryout <="'0'";
END IF;

bus0 := "0000";
busl :="0000";

carryout <="'(';

END IF;

bcdmin0 <= bus0;

bedminl <= busl;

END PROCESS W;

END behavetoral;



LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;

USE synth.vhdlsynth.all;

ENTITY Asecond IS

PORT(clk JIN std_logic;

reset :IN std_logic;
bedsecO :OUT std_logic_vector (3 downto 0);
bedsecl :OUT std_logic_vector (3 downto Q);
carryout ' :OUT std_logic); ”

END Asecond;

ARCHITECTURE behaveioral OF Asecond IS
BEGIN
W: PROCESS (clk)
variable bus0 : std_logic_vector( 3 downto 0):= "0000";

variable bus! : std_logic_vector( 3 downto 0):= "0000";

BEGIN
IF (clk'event and clk ='1") THEN
IF (reset ='0") THEN
bus0 := (bus0 + "0001");
IF ( busO = "1010")THEN
bus0 := "0000";
busl := (busl + "0001");
carryout <='0';
END IF;
IF (busl = "0110")THEN
bus0 = "0000";



busl := "0000";
carryout <="'1";
ELSE
carryout <='0';
END IF;
ELSE
bus0 := "0000";
busl :="0000";
END IF;
bedsecO <= bus0;
bedsec! <= busl;
END IF;
END PROCESS W;
END behaveioral;



LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth; -

USE synth.vhdléj'nth.ALL;

.ENTITY Timer IS

PORT ( clk_lhz

END Timer;

clk_15hz
reset
settime
sethour
setminut
tsec_out
tsec_out
tmin_out0
tmin_outl
thr_out0
thr_outl
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L

(N std_logic;

:IN std_logic;

N~ std_logic;

:IN std_logic;

IN std_logic;

:IN std_logic;

:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0);
:OUT std_logic_vector(3 downto 0));

ARCHITECTURE behavioral OF Timer IS

COMPONENT Tsecond

port ( clk

reset
bedsecO
bedsect

carryout

END COMPONENT;

AN std_logic;.

AN std_logic;

:OUT std_logic_vector (3 downto 0);
:OUT std_logic_vector (3 downto 0);
:OUT std_logic);



COMPONENT Tminute
PORT ( clk

reset

bedmin0
bedminl

carryout

END COMPONENT;
COMPONENT thour
PORT (clk

reset

bedhour0
bedhourl

END COMPONENT;

SIGNAL bus_reset
SIGNAL gate_reset
SIGNAL to_clock
SIGNAL to_clk_min
SIGNAL to_clk_hr
SIGNAL clk_minute
SIGNAL clk_hour
SIGNAL c_to_minute
SIGNAL c_to_hour
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:IN std_logic;
:IN std_logic;

:OUT std_logic);

AN std_logic;
N stdllogic;

:std_logic;
:std_logic;
:std_logic;
. :std_logic;
:std_logic;
:std_logic;
:std_logic;
:std_logic;

:std_logic;

:OUT std_logic_vector (3 downto 0)

i

:OUT std_logic_vector (3 downto 0);

:‘OUT std_logic_vector (3 downto 0);
:OUT std_logic_vector (3 downto 0));

BEGIN
bus_reset <=reset OR gate_reset;
to_clk_min <=c_to_minute OR clk_minute;
to_clk_hr <=c_to_hour OR clk_hour;

PROCESS (settime, sethour, setminute. clk_1hz, clk_15hz)
BEGIN
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IF (settime ='1') THEN
IF (sethour ='0') THEN
IF (setminute ='0') THEN

to_clock <=clk_1hz;
gate_reset <='0";
clk_minute <='0";
clk_hour <='0';

ELSIF (setminute = '1') THEN
to_clock <='0";
gate_reset <; ‘0
clk_minute <= clk_15hz;
clk_hour <=0

END IF;

ELSIF (sethour = '1—') THEN

IF (setminute = '0") THEN
to_clock <='0";
gate_reset <='0"
clk_minute <='0";
clk_hour <=clk_15hz;

ELSIF (setminute ='1") THEN

to_clock <= clk_lhz;

gate_reset <='0';

clk_minute <='0Q;

clk_hour <='0"
END IF;

END IF;

ELSIF (settime ='0") THEN
to_clock <=clk_lhz;
gate_reset <='0’;

clk_minute <="0";



clk_hour
END IF;
END PROCESS;

blockO :' Tsecond
PORT map (clk
reset
bedsecO
bedsecl

carryout

block1: Tminute
PORT map ( clk
reset
bedminO
bedminl

carryout

block2: thour
PORT map (clk
reset
bedhour0
bedhourl
END behavioral;
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<= cov;
=>to_clock,

=> bus_reset,

=> tsec_out0,

=> tsec_outl,

=> c_to_minute);
=> to_clk_min,
=> bus_reset,

=> tmin_out0,

=> tmin_outl,

=> c_to_hour);
=>  to_clk_hr,
= bus_reset,

= thr__outb,

=> thr_outl);
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth.ALL;
ENTITY Thour IS
PORT (clk N std_logic;
reset :IN std_logic; o
bedhour0 :OUT std_logic_vector (3 downto 0);
bedhourl :OUT std_logic_vector (3 downto 0));
END Thour;

ARCHITECTURE behaveioral OF Thour IS
BEGIN
W: PROCESS (clk)
variable busO  : std_logic_vector( 3 downto 0):= "0000";
variable busl  : std_logic_vector( 3 downto 0):= "0000";
BEGIN
IF (clk'event and clk ='1') THEN
IF (reset ='0")THEN
bus0 := (bus0 + "0001");
IF ( busO = "1010") THEN
bus0 :

"0000";

I

bus! := (busl + "0001");

END IF;

IF (busl ="0010") and (bus0 = "0100") THEN

bus0 := "0000";
busl = "0000";
END IF;
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ELSE
bus0 = "0000";
busl :="0000";

END IF;

bedhour0 <= bus0;

bedhourl <= busl;

END IF;
END PROCESS W;
END behaveioral;
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;

USE synth.vhdlsynth.ALL;

ENTITY Tminute IS

PORT ( clk JIN std_logic;

reset :IN std_logic;
bcdmin0 :OUT std_logic_vector (3 downto 0);
bedminl :OUT std_logic_vector (3 downto 0);
carryout :OUT std_logic);

END Tminute;

ARCHITECTURE behaveioral OF Tminute IS
BEGIN
W: PROCESS (clk)
variable bus0 : std_logic_vector(.3 downto 0):= "0000";
variable busl : std_logic_vector( 3 downto 0):= "0000";
BEGIN
IF (clk'event and clk ='1') THEN
IF (reset ='0")THEN
bus0 := (bus0 + "0001");
IF (bus0 ="1010") THEN
bus0 := "0000";
busl := (busl + "0001");
carryout <='0';
END IF;
[F (busl ="0110")THEN
bus0 := "0000";
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bus] :="0000";
carryout <="'1";
ELSE
carryout <="'0";
END IF;
ELSE
bus0 :="0000";
busl :="0000";
carryout <="'0';
END IF; _
bcdmin0 <= bus0;
bedminl <= busl;
END IF;
END PROCESS W;
END behaveioral;
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth.ALL;
ENTITY Tsecond IS
PORT( clk :IN std_logic;
reset :IN std_logic;
bedsecO :OUT std_logic_vector (3 downto 0);
bedsecl :OUT std_logic_vector (3 downto 0);
carryout :OUT std_logic);
END Tsecond,;

ARCHITECTURE behaveioral OF Tsecond IS
BEGIN
W: PROCESS (CLK)
variable bus0 : std_logic_vector( 3 downto 0):= "0000";
variable busl : std_logic_vector( 3 downto 0):= "0000";
BEGIN
IF (clk'event and clk ='1') THEN
IF (reset ='0')THEN
bus0 := (bus0 + "0001");
IF (busO = "1010") THEN
bus0 := "0000";
busl := (busl + "0001");
carryout <='0';
END IF;
' IF (busl ="0110")THEN
bus0 := "0000";
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bus] :="0000";
carryout <="'1";
ELSE
carryout <="'0";
END IF;
ELSE
bus0 := "0000";
bus] :="0000";
carryout <='0',;
END fF; '

bedsecO <= bus0;
bedsecl <= busl;
END IF;
END PROCESS W;

END behaveioral;
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LIBRARY icee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;

USE synth.vhdlsynth.ALL;

ENTITY compara IS

PORT ( reset N std_logic;

tbcdsecO :IN std_logic_vector(3 downto 0);
tbedsec] JIN std_logic_vector(3 downto 0);
tbcdmin0 :IN std_logic_vector(3 downto 0);
tbcdminl :IN std_logic_vector(3 downto 0);
tbcdhour0 :IN std_logic_vector(3 downto 0);
tbedhourl :IN std_logic_vector(3 downto 0);
abcdsecO :IN std_logic_vector(3 downto 0);
abcdsecl :IN std_logic_vector(3 downto 0);
abcdmin0 :IN std_logic_vector(3 downto 0);
abcdminl :IN std_logic_vector(3 downto 0);

abcdhour0 N std_logic_vector(3 downto 0);
abcdhourl :IN std_logic_vector(3 downto 0);
comp_out :OUT std_logic);

END compara;

ARCHITECTURE behavioral OF compara IS
BEGIN
PROCESS (tbcdsecO,tbedsec !, tbedming,tbedminl tbedhourQ,tbedhourl,
abcdsec0,abcdsect,abcdminO,abcdminl ,abedhour0,abedhourl ,reset)
BEGIN
IF (reset ='1') THEN

comp_out <="0';
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ELSE
IF (tbecdsecO = abedsec) and
(tbcdsec! = abedsecl) and
(tbcdminO = abcdmin0) and
(tbcdminl = abcdminl) and
(tbcdhour0 = abcdhour0) and
(tbcdhourl = abcdhourl) THEN
comp_out <="'l";
ELSE
comp_out <='0";
END IF;
END IF;
END PROCESS ;
END behavioral;
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth.ALL;

ENTITY comparal IS

PORT ( reset N std_logic;
tbcdsecO :IN std_logic_vector(3 downto 0);
tbedsecl N std_logic_vector(3 downto 0);
tbcdminO :IN std_logic_vector(3 downto 0);
tbcdminl :IN std_logic_vector(3 downto 0);
tbcdhour0 :IN std_logic_vector(3 downto 0);
tbcdhourl :IN std_logic_vector(3 downto 0);
abcdsecO :IN std_logic_vector(3 downto 0);
abcdsecl :IN std_logic_vector(3 downto 0);
abcdmin0 (N std_logic_vector(3 downto 0);
abcdminl :IN std_logic_vector(3 downto 0);
abcdhour0 AN std_logic_vector(3 downto 0);
abcdhourl :IN std_logic_vector(3 downto 0);

comp_outl :0UT std_logic);
END comparal;
ARCHITECTURE behavioral OF comparal IS
BEGIN
PROCESS (tbedsec(,tbedsec] tbedmin0,tbcdminl,tbedhourO,tbedhourl,
abcdsec0,abcdsecl,abcdminO,abcdminl,abcdhour0,abcdhourl reset)
BEGIN .
IF (reset ='1"') THEN
comp_outl <='0";

ELSE
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IF (tbcdsecO = abedsecO) and
(tbcdsec] = abedsecl) and
(tbcdmin0 = abcdmin0) and
(tbcdminl = abcdminl) and
(tbedhour0 = abedhour0) and
(tbcdhourl = abcdhourl) THEN
comp_outl <="1";
ELSE
comp_outl <='0";
END IF;
END IF;
END PROCESS ;
END behavioral;
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LIBRARY ieee;
USE iece.std_logic _1164.All;

LIBRARY synth;
USE synth.vhdlsynth.All; -

ENTITY Control IS

PORT (in_puta AN std_logic;
in_putb :IN std_logic;
out 0 :OUT std_logic}
out_1I :OUT std_logic);

END Control;

ARCHITECTURE Behaveioral OF Control IS
BEGIN
- PROCESS (in_puta, in_putb)
BEGIN
IF (in_puta ='1') AND (in _putb ='0') THEN
out_0<='1"
out_l <="0"
ELSIF (in_puta ='0') AND (in_putb ='1') THEN
out_0 <=0’
out_I <='[";
ELSE
out 0 <='(",
out_1 <='Q";
END IF;
END PROCESS;
END behaveioral;
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LIBRARY ieee;
USE ieee.std_logic 1164.ALL;

LIBRARY synth;

USE synth.vhdlsynth.ALL;

ENTITY multi IS

PORT (set_a :IN std_logic;

set_b (N std_logic;
a0_min0 o IN std_logic_vector(3 downtc 0);
a0_minl :IN std_logic_vector(3 downto 0);
a0_hour0 :IN std_logic_vector(3 downto 0);
a0_hourl :IN std_{ogic_vector(3 downto 0);
al_min0 'IN std_logic_vector(3 downto 0);
al_minl :IN std_logic_vector(3 downto 0);
al_hourO :IN std_logic_vector(3 downto 0);
al_hourl :IN std_logic_vector(3 downto 0);

bed_minute0  :QUT std_logic_vector(3 downto 0);
bed_minutel  :OUT std_logic_vector(3 downto 0);
bed_hour0 :OUT std_logic_vector(3 downto 0);
bed_hourl :OUT std_logic_vector(3 downto 0));
END multi;
ARCHITECTURE behavioral OF multi IS
BEGIN
PROCESS (set_a, set_b, a0_min0,a0_minl,a0_hour0,a0_hourl,
al_min0,al_minl,al_hour0,al_hourl)
BEGIN
IF (set_a="'1") AND (set_b="'0") THEN
bed_minute0 <=a0_min0 ;

bed_minutel <=a0_minl ;
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bed _hour0 <=a0_hour0;
bed_hourl <=a0_hourl;
ELSIF (set_a="'0") AND (set_b="'1") THEN
bed_minute0 <=al_min0 ;
bed_minutel <=al_minl ;
bed_hour0 <= al_hour0;
bed_hourl <=al_hourl;
ELSE
bed_minute0 <= "0000";
bcd_rni.nutel <="0000";
bed_hourQ <= "0000";
bed_hourl <="0000";
END.IF;
END PROCESS;
END behavioral;
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;

USE synth.vhdlsynth.ALL;

ENTITY multiplx IS ~

PORT ( setalarm :IN std_logic;

tbcdminO :IN std_logic_vector(3 downto 0);
tbcdminl :IN std_logic_vector(3 downto 0);
tbedhour :IN std_logic;_vector(3 downto 0);
tbcdhourl :IN std_logic_vector(3 downto 0);
abcdminQ :IN std_logic_vector(3 downto 0);
abcdminl :IN std_logic_vector(3 downto 0);

abcdhour0 AN std_logic_vector(3 downto 0);
abcdhourl :IN std_logic_vector(3 downto 0);
bcd_minute0  :OUT std_logic_vector(3 downto 0);
bed minutel  :OUT std_logic_vector(3 downto 0);
bed_hour0 :OUT std_logic_vector(3 downto 0);
bed_hourl :OUT std_logic_vector(3 downto 0));

END multiplx;

ARCHITECTURE behavioral OF multipix IS
BEGIN
PROCESS (setalarm ,tbcdmin0,tbedminl tbecdhourQ,tbedhourl,
abcdmin0,abcdmin1,abedhour0,abedhourl)
BEGIN
[F (setalarm ="'1')THEN
bed_minute0 <= abedminO ;
bed_minutel <= abcdminl ;
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bed_hour0 <= abedhourQ;
bed_hourl <= abcdhourl;

ELSIF (setalarm ='0") THEN
bed_minute0 <= tbcdminO ;
bed_minutel <= tbedmint ;
bed_hour0 <= tbcdhour;
bed_hourl <= tbedhourl;

END IF;

END PROCESS;

END behavioral;



LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
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LIBRARY synth;
USE synth.vhdlsynth.ALL;
ENTITY osc IS
PORT ( clk :IN std_logic;
setin :IN std_logic;
clkout :OUT std_logic);
END osc;

ARCHITECTURE behave OF osc IS
BEGIN
W: PROCESS (clk)
variable a : std_logic_vector (3 downto 0):= "0000";
BEGIN
IF (clk'event and clk ='1") THEN
IF (setin ='0") THEN
a:=(a+"0001");
[F(a="1111") THEN
a :="0000";
clkout <="'1";
ELSE
clkout <='0';
END IF;
ELSIF (setin ='1") THEN
a :="0000";
clkout <= ‘0",

END IF;
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END IF;
END PROCESS W;
END behave;
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LIBRARY ieee;
USE ieee.std_logic 1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth.ALL;
ENTITY seg70 IS
PORT ( inputs ' : IN'std_logic_vector(3 downto 0);
segout : OUT std_logic_vector(6 downto 0) );
END seg70; ) .

ARCHITECTURE behaveioral OF seg70 IS

CONSTANT y0 : std_logic_vector(0 to 6) :="1111110";
CONSTANT y1 : std_logic_vector(0 to 6) := "0110000";
CONSTANT y2 : std_logic_vector(0 to 6) :=="1101101";
CONSTANT y3 : std_logic_vector(0 to 6) :="1111001";
CONSTANT y4 : std_logic_vector(0 to 6) := "011001 1";
CONSTANT y5 : std_logic_vector(0 to 6) := "1011011";
CONSTANT y6 : std_logic_vector(0 to 6) :=="1011111";
CONSTANT y7 : std_logic_vector(0 to 6) == "1110000";
CONSTANT y8 : std_logic_vector(0 to 6) :=="1111111";
CONSTANT y9 : std_logic_vector(0 to 6) :=="1111011";
CONSTANT i0 : std_logic_vector(0 to 3) := "0000";
CONSTANT il : std_logic_vector(0 to 3) := "0001";
CONSTANT i2 : std_logic_vector(0 to 3) := "0010";
CONSTANT i3 : std_logic_vector(0 to 3) := "0011";
CONSTANT i4 : std_logic_vector(0 to 3) := "0100";
CONSTANT i5 : std_logic_vector(0 to 3) := "0101";
CONSTANT i6 : std_logic_vector(0 to 3) == "0110";
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CONSTANT i7 : std_logic_vector(0 to 3) :=="0111";
CONSTANT i8 : std_logic_vector(0 to 3) :="1000";
CONSTANT i9 : std_logic_vector(0 to 3) :=="1001"; .
BEGIN
PROCESS (inputs)
BEGIN
CASE inputs IS
WHEN i0 => segout <= y0;
WHEN il => segout <=yl;
WHEN i2 => segout <= y2;
WHEN i3 => segout <= y3;
WHEN i4 => segout <= y4;
WHEN i5 => segout <=y5;
WHEN i6 => segout <= y0;
' WHEN i7 => segout <=y7;
WHEN i8 => segout <= y8;
WHEN i9 => segout <= y9;
WHEN OTHERS => segout <=y0;
END CASE;
END PROCESS;

- END behaveioral;
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LIBRARY ieee;
USE ieee.std_logic 1164.ALL;

LIBRARY synth;
USE synth.vhdisynth. ALL;

ENTITY seg71 IS
PORT ( inputs : IN'std_logic_vector(3 downto 0);
segout : OUT std_logic_vector(6 downto 0) );
"END seg71;

ARCHITECTURE behaveioral OF seg71 IS
CONSTANT y0 : std_logic_vector(0 to 6) :="1111110";
CONSTANT y! :std_logic_veetor(0 to 6) := "0110000";
CONSTANT y2 : std_logic_vector{0 to 6) :== "1101101";
CONSTANT y3 : std_logic_vector(0 to 6) :== "1111001";
CONSTANT y4 : std_logic_vector(0 to 6) :=="0110011";
CONSTANT yS5 : std_logic_vector(0 to 6) :== "1011011";
CONSTANT y6 : std_logic_vector(0 to 6) :== "1011111";
CONSTANT y7 : std_logic_vector(0 to 6) := "1110000";
CONSTANT y8 : std_logic_vector(0 to 6) :="1111111";
CONSTANT y9 : std_logic_vector(0 to 6) ;= "1111011";
CONSTANT i0 : std_logic_vector(0 to 3) := "0000";
CONSTANT il : std_logic_vector(0 to 3) :="0001";
CONSTANT i2 : std_logic_vector{0 to 3) :="0010";
CONSTANT i3 : std_logic_vector(0 to 3) := "0011";
CONSTANT 14 : std_logic_vector(0 to 3) := "0100";
CONSTANT i5 : std_logic_vector(0 to 3) := "0101";
CONSTANT i6 : std_logic_vector(0 to 3) :="0110";
CONSTANT i7 : std_logic_vector(0 to 3) :="0111";
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CONSTANT i8 : std_logic_vector(0 to 3) == "1000";
CONSTANT i9 : std_logic_vector(0 to 3) := "1001";

BEGIN
PROCESS (inputs)
BEGIN
CASE inputs IS
WHEN i0 => segout <= y0;
WHEN il => segout <= yl;
WHEN i2 => segout <= y2;
WHEN i3 => segout <=y3;
WHEN i4 => segout <= y4;
WHEN i5 => segout <= y5;
WHEN i6 => segout <= yb;
WHEN i7 => segout <=y7;
WHEN i8 => segout <= y&8;
WHEN i9 => segout <= y9;
WHEN others => segout <=y0;
END CASE;
END PROCESS;
END behaveioral;
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth. ALL;
ENTITY seg72 IS
PORT ( inputs : IN'std_logic_vector(3 downto 0);
segout : OUT std_logic_vector(6 downto 0) );
END seg72; . )

ARCHITECTURE behaveioral OF seg72 IS
CONSTANT y0 : std_logic_vector(0 to 6) :="1111110";
CONSTANT y1 : std_logic_vector(0 to 6) := "0110000";
CONSTANT y2 : std_logic_vector(0 to 6) :=="1101101";
CONSTANT y3 : std_logic_vector(0 to 6) :=="1111001";
CONSTANT y4 : std_logic_vector(0 to 6) :="0110011";
CONSTANT y5 : std_logic_vector(0 to 6) :="1011011";
CONSTANT y6 : std_logic_vector(0 to 6) == "1011111";
CONSTANT y7 : std_logic_vector(0 to 6) := "1110000";
CONSTANT y8: sfd__logic_vec_tor(O to 6) :=="1111111";
CONSTANT y9 : std_logic_vector(0 to 6) :=="1111011";
CONSTANT i0 : std_logic_vector(0 to 3) := "0000";
CONSTANT il : std_logic_vector(0 to 3) == "0001";
CONSTANT i2 : std_logic_vector(0 to 3) := "0010";
CONSTANT i3 : std_logic_wvector(0 to 3) :="0011";
CONSTANT i4 : std_logic_vector(0 to 3) := "0100";
CONSTANT i5 : std_logic_vector(0 to 3) := "0101";
CONSTANT i6 : std_logic_vector{0 to 3) :="0110";
CONSTANT i7 : std_logic_vector(0 to 3) :="0111";
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CONSTANT i8 : std_logic_vector(0 to 3) :="1000";
CONSTANT i9 : std_logic_vector(0 to 3) :="1001";

BEGIN
PROCESS (inputs)
BEGIN
CASEinputs IS
WHEN i0 => segout <= y0;
WHEN il => segout <= yl1;
WHEN i2 => segout <= y2;
WHEN i3 => segout <=y3;
WHEN i;t => segout <= y4;
WHEN i5 => segout <=yS5; -
WHEN i6 => segout <= yb;
WHEN i7 => segout <=y7,;
WHEN i8 => segout <=y§;
WHEN i9 => segout <= y9;
WHEN others => segout <=y0;
END CASE;
END PROCESS;
END behaveioral;
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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

LIBRARY synth;
USE synth.vhdlsynth. ALL;

ENTITY seg73 IS

PORT ( inputs : IN std_logic_vector(3 downto 0);

segout : OUT std_logic_vector(6 downto 0) );

END seg73;

ARCHITECTURE behaveioral OF seg73 IS

CONSTANT yO : std_logic_vector(0 to 6) :== "1111110";

CONSTANT y1 : std_logic_vector(0 to 6) := "0110000";

CONSTANT y2 : std_logic_vector(0 to 6) :=="1101101";

~ CONSTANT y3 : std_logic_vector(0 to 6) :="1111001";

CONSTANT y4 : std_logic_vector(0 to 6) := "0110011";

CONSTANT y5 : std_logic_vector(0 to 6) :="1011011";

CONSTANT y6 : std_logic_vector(0 to 6) :="1011111";

CONSTANT y7 : std_logic_vector(0 to 6) := "1110000";

CONSTANT y8 : std_logic_vector(0O to 6) :=="1111111";

CONSTANT y9 : std_logic_vector(0 to 6) :="1111011";

CONSTANT i0 : std_logic_vector(0 to 3) := "0000";

CONSTANT il : std_logic_vector(0 to 3) := "0001";

CONSTANT i2 : std_logic_vector(0 to 3) :="0010";

CONSTANT i3 : std_logic_vector(0to 3) :=="0011";

CONSTANT i4 : std_logic_vector(0 to 3) := "0100";

CONSTANT i5 : std_logic_vector(0 to 3) :="0101";

CONSTANT i6 : std_logic_vector(0 to 3) :=="0110";

CONSTANT i7 : std_logic_vector(0 to 3) :=="0111";
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CONSTANT i8 : std_logic_vector(0.to 3) := "1000";
CONSTANT i9 : std_logic_vector(0 to 3) :="1001";

BEGIN
PROCESS (inputs)
BEGIN
CASE inputs IS
WHEN 10 => segout <= y0;
WHEN il => segout <= yl;
WHEN i2 => segout <= y2;
WHEN i3 => segout <= y3;
WHEN i4 => segout <= y4;
WHEN i5 => segout <= y5;
WHEN 16 => s;egout <=ye6;
WHEN i7 => segout <=y7;
WHEN i8 => segout <= y8;
WHEN 19 => segout <=y9;
WHEN others => segout <=y0;
END CASE;
END PROCESS;
END behaveioral;
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ST XILINK

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 camry-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
-~ Programmable logic blocks and 1/O blocks
- Programmable interconnects and wide decoders

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

* Systems-Oriented Features
- IEEE 1149.1-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 lines per row and column, while the XC4000
devices have six Longlines and eight single-length lines
per row and column. This resuits 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 cument,
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 multipie outputs switch
simultaneously, and it can reduce or eliminate crosstalk
and transmission-line effects on prin_ted 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 from a XC4000A to a XC4000,
or vice versa, the design must be recompiled.

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

Device XCA4002A XC4003A XC4004A XC4005A
Appr. Gate Count 2,000 3,000 4,000 §,000
CLB Matrix 8x8 10x 10 12x12 14x 14
Number of CLBs 64 100 144 196
Number of Flip-Flops  ~ 258 360 480 618
Max Decode inputs (per side) 24 30 36 42
Max RAM Bits 2,048 3,200 4,608 6.272
Number of I08s 64 80 96 112
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XC4000A Logic Cell Array Family

Absolute Maximum Ratings

Symbol | Description Units
Vec |Supply voltage relative to GND -0.5t0 +7.0 A
Vin  |Input voltage with respect to GND ~0.5to Vge +0.5 )
Vis [Voltage applied to 3-state output ~0.5to Vg +0.5 Vv
Tera |Storage temperature (ambient) -65 to + 150 °C
Tsor |Maximum soldering temperatute (10s @ 1/16in. = 1.5 mm) + 260 °C
Ty Junction temperature +150 °C

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

Operating Conditions

Symboi Description ' Min Max Unitsl
Vee Supply voltage relative to GND Commercial 0°C to 85°C junction 4.75 525 Vv
Supply voltage relative to GND Industrial -40°C to 100°C junction 45 5.5 \
Supply voltage relative to GND Military -55°C to 125°C case 4.5 5.5 \)
Vin High-level input voitage (XC4000 has TTL-like input thresholds) 2.0 Vee \)
Vi Low-level input voltage (XC4000 has TTL-like input thresholds) 0 0.8 \
Tin tnput signal transition time 250 ns

At junction temiperatures above those listed as Operating conditions, afl delay parameters increase by 0.25% per °C.

DC Characteristics Over Operating Conditions

Symbol Description Min Max | Units
Vou High-leve! output voltage @ lon = —4.0 mA, Ve min 2.4 Vv
Vou Low-level output voitage @ lo, =24 mA, Ve min (Note 1) ; 04| V
lcco Quiescent LCA supply current (Note 2) 10| mA
" Leakage current -10 +10 | pA
(o1} Input capacitance (sample tested) | 15| pF
lain Pad pull-up (when selected') @ V=0V (sar;1ple tested) 0.02 025 | mA
lruL Horizontal Long‘l.ine 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 current loads, no active input or longline pull-up resistors, all package pins at Vcc of 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 relflect worst-cass values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
lim[ing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 w4
Description Symbol Device Max Max ? I\ﬁax Units
FBE

Full length, both pull-ups, Twar XC4002A 8.5 7.5 % ns
inputs from 108 !-pins XC4003A 2.0 8.0 &5;%@ ns
XC4004A 9.5 8.5 TR ns
XC4005A 10.0 9.0 ""6‘3(,)%“1j ns
Full length, both pull-ups Tware XC4002A 115 10.5 === ns
inputs from internal logic XC4003A 12.0 110 { Ous ns
XC4004A 125 11.5 > ns
. XC4005A 13.0 12.0 ,Q:p\:: ns
Half length, one pull-up Twao XC4002A 8.5 7.5 Gg ns
inputs from OB I-pins XC4003A 9.0 8.0 oA ns
XC4004A 9.5 8.5 g_% g ns
XC4005A 10.0 9.0 70, | ns
Half length, one pull-up TwaoL XC4002A 115 10.5 .3 ns
inputs from internal logic XC4003A 12.0 11.0 8.0 ns
XC4004A 12.5 1.5 Yoiea | s
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 (Tpio)
and output delay (one of 4 modes), as listed on page 2-70.

Global Buffer Switching Characteristic Guidelines

Testing of the switching parametars 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 refiect worst-case values aver 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 Mé&k | Units
Global Signal Distribution <
From pad through primary buffer, to any clock k Tra XC4002A 7.7 5.7 . g ns
XC4003A 7.8 58 . & ns
XC4004A 7.9 5.9 — ns
XC4005A 8.0 6.0 £:9 ns
From pad through secondary buffer, to any clock k Tsa XC4002A 8.7 6.7 ﬁ" ns
XC4003A 8.8 6.8 ‘65 ns
XC4004A 8.9 6.9 dm | ns
XC4005A 9.0 7.0 67 ns
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3

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

1 going High or Low to L.L. going High or Low, Tiot XC4002A 8.2 6.0 y ns
while T is Low, i.e. buffer is constantly active XC4003A 8.8 6.2 &‘4&1 ns
XC4004A 9.4 6.6 |. ns

i xC4005A | 100 || 7.0 || ¥B5¥| ns

1 going Low to L.L. going from resistive pull-up Tio2 XC4002A 8.7 6.5 ns
High to active Low, (TBUF configured as open drain) XC4003A 9.3 6.7 Q ns
XC4004A 9.9 71 ns

XC4005A | 105 || 7.5 || =BH¥| ns

T going Low to L.L. going from resistive pull-up Ton XC4002A 10.1 8.4 T
or floating High to active Low, (TUBF configured XC4003A 10.7 9.0 || wm%2s| ns
as open drain) XC4004A 11.4 8.5 ns
XC4005A 12.0 10.0 8108 | ns

b i 3

T going High to TBUF going inactive, not driving L.L. | Toge All devices 3.0 2.0 1.83 ns
T going High to L.L. going from Low to High, Teus XC4002A 23.0 19.0 -y ns
pulled up by a single resistor XC4003A 240 || 20.0 ‘3 fa' 5’ ns
XC4004A 25.0 21.0 ns

XC4005A 26.0 || 22.0 || 4160 | ns

pueceme~nr

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 @ga 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 vaiues listed below are tested directly. and guaranteed over the operating conditions. The same parameters can also be derived
indirectly from the OB and Global Buffer specifications. The XACT delay caiculator uses this indirect method. Whenthere 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) Ticxor XC4002A 14.9 12.2 e ns
XC4003A | 15.1 125 || "13:6 | ns
(Max) XC4004A | 163 128~ | ns
XC4005A 16.5 13.0 2.0 ns

Global Clock to Output (slew limited)

Ticko XC4002A 19.9 15.2 e ns
XC4003A | 20.1 || 155 || @148 | ns
(Max) | XC4004A | 203 || 15.8 || =3y | ns
XC4005A | 20.5 || 16.0 || =15:@¢ | ns

Input Set-up Time, using IFF (no delay)

Tesur | XCA4002A 2.6 23 || % | NS

XC4003A 2.4 20 || mat6 | ns
(Min) XC4004A 2.2 1.7 gmwa | NS
XC4005A 2.0 1.5 T2 | ns

Input Hold time, using IFF (no delay)

Tene XC4002A 4.9 3.7 || wss=@ | g
XC4003A 5.1 40 || ¥F0 | ns
(Min) XC4004A 5.3 43 ns
XC4005A 5.5 45 “4%5 | ns

Input Set-up Time, using IFF (with delay)

Tesu XC4002A | 218 || 188 ||z 4 8| ns
XC4003A | 215 185 || =326 | ns
(Min) XC4004A | 21.2 182 || £ ¥ ns
XC4005A | 21.0 18.0 || #™12°0 | ns

Input Hold Time, using IFF (with delay) Teu XC4002A 0 0 g'f‘"“ 53; ns
XC4003A 0 0 O™ | ns

(Min) XC4004A 0 0 ns

XC4005A 0 0 0 ns

Input
Set-Up

Hold
Time

oo —

IFF OFF

D D
RJN [

Global Clock-to-Output Delay

x3192

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 valuas are tested
and guaranteed for worst-case conditions of supply voitage
and temperature, and also with the most unfavorable clock

polarity choice.

TppLf for -4 Speed Grade Tpickp for -4 Speed Grade
Padto 1,12 XC4003A 17.6ns Input set-up time  XC4003A 15.6ns
via transparent pad to clock (IK)
latch, with delay =~ XC4005A 17.9ns with delay XC4005A 15.9ns

I Pl R TA Y. el
SHRELIMINARY

See page 2-76

PRE_BINARY
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10B 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 cannotbe measureddirectly, they are derived frombenchmark 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.

XC3003A
XC3005A
-6 -5 -4

Description Symbol |Min |Max Min Max | | Min |Max | Units
INPUT
Propagation Delays )

Padto i1, 12 . Trio 4.0 3.0 2.8 ns

Pad to 11, 12, via transparent latch (no delay) -Tru 8.0 7.0|| %~|60]| ns

Pad to I1, 12, via transparent fatch (with delay) Trou 26.0 Wi g ns

Clock (IK) tol1, 12, (flip-flop) Tikrs 8.0 ns

Clock (IK) to 11, 12 (latch enable, active Low) Tiu 8.0 ns
Set-up Time (Note 3)

Pad to Clock (IK), no deiay 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 (IK), no delay Tixpt 1.0 1.0 ns

Pad to Clock (IK) with delay Tixpio neg neg ns
OUTPUT
Propagation Delays

Clock (OK) to Pad (fast) Tokpor 75 ns

Output (O) to Pad  (fast) Torr 9.0 ns

3.state to Pad begin hi-Z (slew-rate independent) Trsuz 9.0 ns

3-state to Pad active and valid (fast) Trsone 13.0 ns
Additionat Delay

For medium fast outputs 2.0 ns

For medium slow outputs 4.0 ns

For slow cutputs 6.0 ns
Set-up and Hold Times '

Output (O) to clock (OK) set-up time Toox 8.0 6.0 ns

Output (O) to clock (OK) hold time Toxo 0.0 0.0 ns
Clock

Clock High or Low time TewleL| 5.0 4.0 4.0 ns
Global Set/Reset '

Delay from GSR net through Qtoll, 12 Tani 145 135 135| 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 praceding page.

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

2. Voltage levels of unused (bonded and unbonded) pads must be valid logic lavels. Each can be configured with the

intemal pull-up or pull-down resistor or altemnatively configured 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 (1K). 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 lor the external system hold time to be zero,
provided the input clock uses the Globai signal distribution from pad to K.
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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 patterns. The following
guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
tlming information. use the values provided by the XACT timing calculator and used in the simulator.

XC4003A
XC4300SA
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 ns
- FIG inputs via H' to X/Y outputs Two 8.0 ns

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

Cperand inputs (F1,F2,G1,G4) to Coyr. Torcy 7.0 ns

Add/Subtract input (F3} to Cour Tascy 8.0 ns

Initialization inputs (F1,F3) to Cour Tincy 6.0 ns

C through function generators to X/Y outputs Tsum 8.0 ns

Cin to Cour, bypass function generators. Teve 2.0 ns
Sequential Delays

Clock K to outputs Q Texo 5.0 ns
Set-up Time before Clock K

F/{G inputs Tick 6.0 45 ns

F/G inputs via H' Tk 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 70 4.0 ns

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

Cinput via F/G' 8.0 6.0 ns

Cinput via F/G' and H' 10.0 75 ns
Hold Time after Clock K

F/G inputs Tea 0 0 ns

F/G inputs via H' Texm 0 0 ns

C inputs via H1 Texm 0 0 ns

C inputs via DIN Texor 0 0 ns

C inputs via EC Texec 0 0] ns

C inputs via S/R, going Low (inactive) Texn 0 0] ns
Clock

Clock High time Teu 5.0 4.0 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 9.0 ns
Master Set/Reset”

Width (High or Low) Tuaw 21.0 18.0 18.0 ns

Delay from Global Set/Reset netto Q TumRa 33.0 31.0 280| ns

* Timing is based on the XC4005. For other devices see XACT timing calculator.
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CLB Switching Characteristic Guidelines (continued)

Testing of the swilching parameters is modeled after testing methods specified by MiL-
tested. Since many internaltiming parameters cannot be measured directly, they are derive
guidelines reflect worst-case values over the recommended operating conditions. For more
Bimning information, use the valuas provided by-the XACT tiing caiculator and used i

M-38510/605. All devices are 100% functionally
d from benchmarktiming patterns. The following
detailed, more precise, and mare up-to-date
n 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 8.0 ns
. 32x1 | Twer 9.0 8.0 80 ns
Write Enable pulse width (High) 16x2 | Twe 5.0 4.0 4018 t ns
32x1 | Twer 5.0 4.0 . o) ns
Address set-up time before beginning of WE 16x2 | Tas 2.0 2.0 20|83 | ns
32x1 | Tast 2.0 2.0 20 im ns
Address hold time after end of WE 16x2 | Tan 20 20 201 . ns
32x1 TAHT .20 2.0 2:0. ﬁg ns
DIN set-up time before end of WE 16x2 | Tos 4.0 4.0 402 w | NS
32x1 | Tosr 5.0 5.0 504w | NS
DIN hold time after end of WE both | Tour 2.0 2.0 2.0 {3‘*’3 ns
Ehitrom
i SRS
Read Operation s w
Address read cycle time 16x2 | Tre 7.0 5.5 5.0 @ ns
32x1 | Taer |100 7.5 0t | ns
Data valid after address change 16x2 | Tuo 6.0 451 rmewladO)| ns
{no Write Enable) 32x1 TiHo 8.0 7.0 %O ns
Read Operation, Clocking Data into Flip-Flop s
Address setup time before clock K 16x2 | Tiex 6.0 45 §5 k§ ns
32x1 TIHCK 8.0 6.0 6.0 ns
Read During Write g Pt
Data valid after WE going active 16x2 | Two 12.0 10.0 2%74 9.0 ns
(DIN stable before WE) | 32x1 | Twor 15.0 120|| *E=EHT0| ns
Data valid after DIN 16x2 | Too 11.0 9.0|| #* 85| ns
(DIN change during WE) 32x1 | Toor 14.0 11.0{| Heel2:0| ns
Read During Write, Clocking Data into Flip-Fiop
WE setup time before clock K - 16x2 | Twex |12.0 10.0 9.5 ns
: 32x1 Twexr | 15.0 12.0 115 ns
Data setup time before clock K 16x2 | Tocx 11.0 9.0 9.0 ns
32x1 | Toexkr | 140 11.0 11.0 ns

Mote: Timing for the 16 x 1 RAM option is identical to 16 x 2 RAM timing
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SXILINK
CLB RAM Timing Characteristics
. Tac
ADDRESS J( )(

WRITE

WRITE ENABLE

DATAIN
READ

X.Y QUTPUTS

READ, CLOCKING DATA INTO FLIP-FLOP
{

I Tick: - TcH |
CLOCK J ;
VALID VAUD
XQ,YQ OUTPUTS (oLD) oS
READ DURING WRITE
Twe
WRITE ENABLE
>4 Ton
DATA IN
(stable during WE)
X.Y OUTPUTS VALID
" DATAIN
(changing during WE) oL
VAUD > VAUD
XY QUTPUTS (PREVIOUS) (NEW)

READ DURING WRITE, CLOCKING DATA INTO FLIP-FLOP
Twe

WRITE ENABLE 4

DATA IN

CLOCK

XQ.YQ OUTPUTS
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7 XILINX
XC4002A Pinouts
tin Bound P Bound Pin Bound
Description | PC 84 { PQ100 | YQ100 | PG120 | Scan Description | PC 34 PG100| V100 PG120) Sean Description | PC 84| PO100| V100 | PG120| Scan
vee 2 | o2 e |a3] - Vo 28120 | 20| col e - -t -] -]w] -
" Vo (a8) EIEIERE scexa(o) | 20 | 24 | 21 | A12 | o8 VO (D8) 53 | 58 | 55 | m10] 157
VO (A9) 4 94 91 F1 29 0 IM1) 30 25 2 811 88 je] - 59 56 Ni1 | 160
- - o5 e lE1r| - GND 31| 26 | 23 {cwo] - VO (D5) 59 | 60 | s7 | M9 | 183
- - 98 | 93° | F2* - | (MO) 32 27 24 Ci1 | 101¢ VO (TST) 60 61 53 N10 | 166
VO (A10) s |97 | salrF| 32 vee 33 | 28 | 25 [o11 ] - - - (e |59 | e | -
VO (A1) 6 | 98| 9s | o1 ] 35 1 (M2) 34 | 20 | 26 | B12 | 102t - - e | e | Ng | -
- -] -1 -]e]| - Pacxkawo) | as | 30 | 27 [ c12| 109 VO (D4) 61 | 8a | 61 [ ms] 169
VO (A12) 7 199l o6]ci] 3 VO (HOC) 38 | 31 | 28 | A13 {-108 Vo 2] es | 62 na |72
Vo (A13) 8 J1wol| o2 {o2]| 41 - -l -] - |ea| - vee 63| es | 63| mr | -
- - - ler| - - - - f - Jen| - GND o4 | 67 ] s | L7 | -
- -] -] -8t} - vo - | 32} 20 [p12] 100 o (D3) 65 | 68 | 65 { N7 | 178
| 1oAl) 9| 1 {2l wu Vo (@0 ar {33 |2 [ca] 2 10 (FS) 66 | 69 | &8 | o | 178
sGeK1(A15, V)] 10 ] 2 | 99 | o3 | 47 Vo 38 | 34 | 31 [E12] 115 - - |70 6 { N5t} -
vee 11| 3 Jw0jeca| - Vo 29 | a5 | 32 | D13 | 118 - - =} - Imel -
GND 2] a1t jaa] - - - Jas Las [F1re] - 10 (D2) 67 | 71 | es | 18 | 181
packi(as.vo)] 13l s | 2 | B2 | s0 - - | ar | s |e3] - Vo e8| 72 | o | na | 184
VO (A17) 14l 6| 3 |eajss 1o PEEEERIEY VO (D1) g0 | 73 | 70 | ms | 187
- - - -far] - voEm, WM | 41 | 39 | 38 | F13 | 124 | [romaxamstron| 70 { 74 | 71 | N3 | 190
- -] -] - |a] - vee 2] 40| 37 {e12] - - -1 = = Ima] -
VO (TOD 15| 7| 4 | cs| ss GND «a| a1 ]{38len| - - -t -] -] -
VO (TCI) 6] 8 | 5 | Ba] 50 o) 40 | a2 | 39 |a1a] 127 voo,omn |7l 7s| 72 ] x93
- -] - - las| - Vo 45 ] 43 | 40 [ H13 | 130 | {sackeour.vr| 72 | 78 | 73 | M3 | 108
VO (TMS) 17] 9| 8 | 85] 62 - - | a4 ] a4t joa| - cCX Bin|-nlul -
Vo 18] 10] 7] A 6s - - | a5t | 42t Jrmze] - vee 7417 | 3] -
- -] -] -les| - o 48 | 48 | 43 [ H11 [ 133 0 (TDO) 75| 76l ve| -
- - e} e jast| - ) a7 | a7 | 44 [ 12 138 GND |80 ||kl -
Vo 19| 12] 9 | 88| es Vo @ fas | a5 | 2] 130 vom,ws) |7l inmll]2
Vo 20! 13lwlain Vo 49 | 49 | 48 J 113 ] 1a2 | | Peckaorny | 73 [ &2 | 79 [ M | 5
GND 21| 14 ) 11 ] B7} - - -] - - |k2e] - - - -] - | Mt} -
vee 25} 12]er] - - - -1 - Jun] - - -l -] -Jwl -
w 23 16,1 13 A7 74 o 50 50 47 M13 | 145 YO (CS1, A2) 70 a3 80 K2 8
Vo 24| 17| ulas|m sGek3 oy | 51 | 51 | 48 | L12 | 148 1O (A3) 0 | e | 81 | L | n
- - |18 ] 15 | e |, - GND . s2.] 52 | 49 | x11} - VO (Ad) 81 | as | 82 | 2| 14
- - | -] - leef - DONE s3}s3]s0[tin] - VO (AS) 2 {8 ||k |17
0 25 19 16 Cc8 80 vcC 54 54 51 L10 - - - 87° 84° | H3® -
Vo 26 | 20 ] 17 | a0 &3 PR 55 | ss | s2 [ mi2] - - NrraErsarse
Yo 27 i 21| 18| B9 | 88 won | 56| 58| 53 {m1] s VO (AB) 3} 9 | 88| 2| 20
1o -l 2z] 19 |an] e pack3wo) | 57 | 57 | 54 { N13| 154 Vo (AN 4] oo ||z
- -} -] - Ist0o] - - -] -] - fn2e] - GND 1 o1t |esfc2] -

* Indicates unconnected

package ping.
1 Contributes only one bit (1) to the boundary scan register.

Boundary Scan Bit0 = TDO.T
Boundary Scan Bit 1 » TDO.O
Boundary Scan Bit 199 = BSCANT.UPD
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* indicates unconnected package pina.

t Contributes only one bit (.i) to the boundary scan regrsier.
Boundary Scan 8it 0 =« TDO.T
Boundary Scan Bit 1 = TDO.O

Boundary Scan BR 247 = BSCANT.UPD

XC4003A Pinouts
Pin Bound Pin Bound
Descripth pcse | varoo | Pa100 | PG120 | Sean Descripth pcad | vatoo | Pa1os | PGI20 | Sesn
vCcC 2 % | 92 | G3 - GND 43 | 38 | 4 | Gl [ -
VO (A8) 3 %0 | 93 | Gt | 32 (] 44 | 39 | 42 | Gi3 | 187
VO (AS) s 9 | 94 | Fi 35 7o a5 | 40 | 43 | R13 | 160
VO - 92 | 95 | Et 38 VO - a1 | J13 | 163
Vo - 93 | 6 | F2 | &1 VO < a2 | 45 | H12 | 168
VO (A10) 5 %4 | 97 | F3 | 44 VO 48 | 43 | 48 | Hi1 | 169
VO (A11) G 95 | 98 | D1 47 0 47 | 44 | a7 | Ki3 | 172
= - - -~ | e2' | -~ Vo 48 | 45 | 48 | J12 | 175
VO (A12) 7 % | 99 | C1 | 50 [} v 49 | 46 | 49 | L3 | 178
VO (A13) B 97 | 100 | D2 | 53 - - = ~ [ Ki2* | -
- — - - | E3° | - - - = — [ Jr | -
- = - - | Bt" | - 0 S0 | 47 | 50 | Mi13 | 181
VO (A14) 9 98 1 C2 | 56 . SGCK3 (VO) 51 6 | 51 | 112 | 184
SGCK1 (A15.V0) 0 | 9 2 D3 | 59 GND 52 | 49 | 52 | Kil -
vce 1 ] 100 | 3 c3 - DONE 53 | 50 | 53 | LI -
GND 12 1 4 c4 - vcC 54 | 51 54 | L10 | -
PGCK1 (A18, VO) 13 2 5 B2 | 62 PROG 55 | 62 | 55 | Mi2 | -
VO A7) 14 3 3 B3 | 65 0 (D7) 56 | 53 | 58 | M1 | 187
- - - [ A | - PGCK3 (VO) 57 | 54 | 57 | N13 | 1%0
- - Z = A2t | - - - = — | N2 | =
VO (YD) 5 2 7 Cs | 68 - - - = | o <
VO (TCK) 16 5 8 B4 | 7 VO (D6) 58 | 55 | 58 | M0 | 193
- = - Z | AT | - ) - 56 | 59 | Ni1 | 196
VO (TMS) 17 6 9 BS 74 VO (D5) 59 57 0 | M9 | 199
76) 18 7 10 | A4 | 77 VO (CS0). 60 | 58 61 | N0 | 202
10 - = - C8 | 80 VO - 59 | 62 | L8 | 205
7] - 3 1 | AS | 83 ) - 6 | 63 | N9 | 208
Vo 19 9 12 | 88 | 86 VO (D4) 61 61 6 | M8 | 211
vo 20 | 10 | 13 | A6 | 89 %) 62 | 62 | 65 | N8 | 214
GND 21 (K 14 | 687 Z VCC 63 | 63 | 68 | M7 -
vee 2 | 12 | 15 | C7 = GND 64 | 64 | 67 | L7 =
Vo 23 | 13 | 16 | A7 | 92 VO (D3) 65 | 65 | 68 | N7 | 217
0 24 | 14 | 17 | A8 | 95 VO (RS) 68 | 66 | 69 | N6 | 220
0 = 15 | 18 | A9 | 98 V0 - 87 | 70 | NS | 223
Vo - - = B8 | 101 V0 - - = M8 | 226
Vo 25 | 16 | 19 | C8 | 104 10 (02) 87 | 68 | 71 8 | 229
) 26 | 17 | 20 | A10 | 107 7} 6 | 69 72 | N4 | 232
0 27 | 18 | 21 | 89 | 110 Vo (D) (69 | 70 [ 73 | Ms | 235
o - 19 | 22 | A1l | 113 1O (RCLK-BUSV/ROY) 70 | 71 74 | N3 | 238
- - - -~ (810 | - - = - — | M4 | -
Vo 28 | 20 | 23 | C9 | 116 - < - - L5° -
SGCK2 (VO) 29 | 2 24 | A2 | 119 VO (DO, DIN) 71 72 | 75 | N2 | 241
O (M1) 30 | 22 | 25 | B11 | 122 SGCK4 (DOUT, VO) 72 | 73 76 | M3 | 244
GND 31 23 | 2 | C10 | - CCLK 73 | 74 77 | L4 -
1(MO) 32 | 24 | 27 | Ci1 | 1257 VCC 74 | 75 | 78 (5] -
vCC 33 | 25 | 28 | O - 0 (TD0) 75 | 76 | 79 | M2 B
T(M2) 34 | 28 | 29 | B12 | 1267 GND 76 | 77 | 80 | K3 -
PGCK2 (VO) a5 | 27 | 30 | ci2 | 127 VO (AD, WS) 7 | 78 | 81 2 2
VO (HDC) 36 | 28 | a1 | A13 | 130 PGCK4 (A1, VO) 78 | 79 82 | N1 5
= - - - |81 | - - - - ~ | M | -
- - - - [ En° | = - - - = 3’ -
Vo - 29 | 32 | D12 | 133 VO (CS1, A2) 79 | 80 83 | K2 [
- Vo (I} 37 30 33 | c13 | 138 VO (A3) 80 81 84 [X] 11
VO 38 | 31 | o4 | E12 | 139 VO (Ad) 81 82 | 65 2 14
Vo 39 | 32 | 35 | D13 | 142 VO (AS) 82 | 83 | 86 | Ki 17
%) - 33 | 96 | Fil | 145 Vo - B4 | 87 | H3 | 20
Vo — 34 | a7 | E13 | 148 7] < 85 83 1 F<]
[0} 40 | 35 | 28 | F12 | 151 VO (A8) 83 | 86 | 89 | R2 | 26
VO (EFH. [T a 36 | 39 | Fi3 | 154 VO (A7) 84 | 87 | 90 | H1
vce a2 | a7 | 40 | G2 | - GND 1 8 | o1 G2 -
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XC4004A Pinouts
Pin Bound Pin Bound Pin Bound
Descrip PC34 | TQ144 | PO160 | PG120] Scan Descripth PC24 | TQ144 | PO160 | PG120] Scan Description PC34 { TO144 | PO16D | PG1201 Scan
vce 2 | 123]142] G3 | - lie] 28 | 32 | 38 | €9 | 140 - - - | 90° -
VO (A8) 3 | 120143} G1 | 38 SGCK2 (VO) 20| 33 | 37 [ A12] 143 GND - | 81 | 91 - -
VO (A9) 4 | 130144 A1 { 41 O (M1) 30 | 34 | 38 | 811 ] 146 - - 1 82° | 920 | -
o - | 131 ] 145 | E1 | 44 GND 31| 35 | 39 |cwo} - - - | 83 f93° | - -
o - 132} 146 | F2 | 47 1 (MO} 32 | a5 | 40 | c11 | 149t YO (D5) 50 | 84 | 94 | M9 | 241
VO (A10) s | 133|147 | F3 | s0 vce 33l ] ajon| - VO (TX0) 60 | 85 | 95 | N10 | 244
VO (A11) 6 | 134|148 | 01 | 53 1(M2) 34 | 38 | 42 | 812 | 1507 vo - {88 | 98 | L8 | 247
- - |13s* 149" | - - PGCK2(VO) | 35 | 39 | 43 | C12] 151 o - | 87 § 97 | N9 | 250
- ~ 138" }150°| - - V0 (HDC) 38| 40 | 44 | A13 ] 154 VO (D4) 61 | 88 | 98 | M8 | 253
GND ~ | 137 | 151 - e} - | 41 ]| a5 | 813 ] 157 vo 62 | 89 | 99 { N8 | 256
- - - J152°| - - vo - | 42| 46 | E11 | 160 vce 63 | 90 {100 | MY | -
- - - 153} ~ - ie] ~ | 43 | a7 | D12 ] 183 GND 64 { 91 {101} L7 | -
VO (A12) 7 138154 | c1 | s8 VO (T15%) 37 | 44 | 48 Jc13]{ 168 VO (D3) 65 | 92 | 102 § N7 | 259
VO (A13) 8 | 139 | 155 ] D2 | 89 - - - | 49" | - - VO (RS) 68 | 93 | 103 | Ne | 282
Yo - | 140 | 156 | E3 | 62 - - - | s0° ] - - vo ~ | 94 | 104 | N5 | 285
Vo - | 141 ] 157 | Bt | 65 GND - | 45 | st - - o - | 95 1105 | M8 | 268
VO (A14) 9 | 142 158 | c2 | 68 - | a6° | 527} - - VO (D2) 67 | 98 {106 | L8 | 271
SGCK1(A15,VO) 10 | 143 | 159 | D3 | 71 - ~ | 47* [ 53" | - - vo 88 | 97 {107 | Na | 274
vee 11 | 144 60| C3 | - [/je] 38 | 48 | 54 | E12 | 169 - - | 98° 108" | - -
GND 12 | t 1 [ R e} 30 | 49 | 55 [ D13 | 172 - - | 99" 109°} -~ -
PGCK1 (A16,¥O)| 13 | 2 2 | B2 74 [le) - 1 s0o| 56 | F11| 175 GND - 100} 110} - -
VO (A17) 14| 3 3 | B3} 77 o) - | s1 | 57 tE13] 178 - - - f1t] - -
[lie] - 4 4 | A1 | BO Yo 40 | 52 | 58 | F12 | 181 - - - j112°} - -
o) - 3 s | A2 | 83 VO(ERR,INTD) | 41 | s3 | 59 | F1a | 184 Y0 (D1) 89 | 101 { 113 | MS | 277
YO (TD1) 151 8 8 Cc5 | 88 vce 42 { 54 | 60 JG12]| - Vo (RELXBUSYMOM | 70 | 102 | 114 | N3 | 280
VO (TCK) 161 7 7 | B4} 89 GND 43 | 55 | 6t {G11| ~ Vo - | 103 {115 { M4 | 283
- - - | 8 - Yo a4 | 56 | 62 | G13 | 187 vo - {104 { 116 | 15 | 288
- - - 9° - -~ vo a5 | 57 | 63 | H13 | 190 Vo (0o, DNy | 71 [ 105 | 117 | N2 | 289
GND - 8 10 - [le) - | 58 | 64 | )13 | 193 | |sackeout.voy| T2 | 1068 | 118 | M3 | 292
- -1 9 1] - - o) - | 59 | 65 { H12 | 196 CCLK 73107 {119 e | -
- -~ f1w0l12] - - vo 46 | 60 | 66 | H11 | 199 vceC 74 [ 108 [ 120 ]| L3 | -
VO (TMS) 17 | 11 ] 13 | BS | 82 [7e) 47 | 61 | 87 { K13 | 202 0 (TDO) 75 | 109 {121 | M2 | -
vo 18| 12| 14 | Ad | 95 - - 1620 Jea" | - - GND 78 {110 {12 | K3 | -~
Vo ~ | 13 ] 15| cs| 98 - - 163 | 69" | - - VO (A0, WE) mlm {123 2] 2
[le) - | 14| 16 ] A5 | 101 GND - {64 0] - - PGCK4 (VOAY) | 78 | 112 § 124 | Nt 5
jlie] 19 | 15 | 17 | B6 | 104 - - |7 | - - vo - 113 {125 M1 | 8
Yo 20 | 16 | 18 | A8 | 107 - - - |72 | - vo - {114 {128 | J3 | 11
GND 21} 17|19 }87] - vo 65 | 73 | J12 | 205 VO(CS1,A2) | 70 { 115 | 127 | K2 | 14
vce 2{w8|20}jcT| - 7o) 49 | 66 | 74 | L13 | 201 VO (A3) 80 | 116 (128 | L1 | 17
Yo 23 | 19 | 21 | A7 | 110 vo - {67 | 715 | K12 | 21 - - |17 {129°| - -
1e) 24 | 20 | 2 | A8 | 113 ) - | 68 | 78 | g1t | 214 - - - (130} - -
[lie) - {2t} 23} A9 | 118 vo 50 | 69 | 77 | M13 | 217 GND - l1sf13t] - -
Vo - | 22 | 24 | B8 | 119 SGCK3(WO) { 51 ] 70 | 78 | L12 | 220 - - [ 119° ] 132" -
e 2 f 25 { c8 | 122 GND s2 | 7t | 79 [ K1t | - - - (120" {139°] - -
o 26 | 24 | 28 | At0 | 125 DONE 3| 72| 80 L1V} - VO (A4) 81 [ 121 [ 134 | 22 | 20
- ERESR - vece s4 | 73| 81 Lo} - V0 (AS) 82 (12 135] Xt | 23
- - | 2 | 28° | - - PROG 55 | 74 | 82 jMIZ| - - - - {138°| - -
GND - |22 || - - ¥0 (DN 56 | 75 | 83 | M1 | 223 [lle] - (123 {137 | H3 | 26
- - - 3| - - PGCK3 (VO) s7 | 76 | 8a | N13 | 226 vo - [ 124 {138 ] 41 | 29
- - - |ar | - - [lje] - | 7 | 85 | N12 ) 229 VO (A8) 83 | 125 { 139 | H2 | 32
o 27 | 28 | 32 | BS | 128 0 78 | 88 | 9 | 232 VO (AN 84 | 128 | 140 | H1 | a5
o - 129 | 3 | A | 13 VO (06) 79 | 87 | M10{ 235 GND 1 [127 $ 141 ] G2 | ~
[lie] - {30 | 34 |B10] 134 vo - | 0o | 88 | N11 | 238
Vo - | 31 ] 3 - {137 - - - 8| - -
oy d package pina,
1 Contributes only one bit () to the boundary scan register.
Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 = TDO.O

Boundasy Scan Bit 295 = BSCANT.UPD




XC4000A Logic Cell Array Family

188

XC4005A Pinouts
Pin Bound Pin Bound
Description PCSe | TO144 | PO16O | PQ208 | PGISE | Secan Descripth PC34 | TQ144 | PQ160 | PO208 | PGISE | Scan
vce 2 129 142 183 ] - ) - 3 35 45 C12 161
VO (AB) 3 129 143 184 H1 a4 - - - - ~ - -
VO (A9) 4 120 144 185 G1 7 ) 28 a2 38 - 13 184
=) - 131 145 188 G2 50 SGCK2 (VO) 29 3 37 a7 14 187
vo - 132 148 187 Gl 53 0 (M1) 30 34 £ 48 AlS 170
- < - - 1887 - - GNO 31 35 29 49 c13 -
- - - - 189° - - 1 {MO) £ 38 40 50 A18 1737
VO (A30) 3 133 147 190 Fi 58 - - - - 517 - -
VO (At 1) ] 134 148 191 F2 59 - - - - 52" - -
Vo - 135 149 192 E1 62 - - - - s3° - -
) - 138 10 193 E2 €5 - - - - 54" - -
GND - 137 151 194 ] - vce 33 a7 4 S5 Cil4 -
- - - - 195" - - 1(M2) 34 38 42 58 815 174l
M - - - - 196" - - PGCK2 (VO) 35 19 43 57 B16 175
- - - 152" 197" 01" - VO (HOC) 38 40 44 58 014 178
- - - 153° | 198’ | D2' - Vo - 4 45 59 C1S 181
VO (A12) 7 138 154 199 €3 68 - - - - - - -
VO (A13) [] 139 1SS 200 c1 7 [ ~ 42 48 80 D15 184
= - - = - - - ) - 43 47 81 E14 [
Vo - 140 158 201 c2 74 vo C) 37 44 48 82 C18 190
[is) - 141 157 202 D3 7 - - - 49" 3’ €18’ -
VO (At4) 9 142 158 203 81 80 - - - 50" [ D18~ -
SGCX1 {A15, VO) 10 143 159 204 682 8 - - - - [N - -
® veC 1t 144 160 208 Cc3 - - - - - 68" - -
- - - - 208" - - T GND - 48 1 67 F14 -
- - - 207" - - o - 48 52 [*] F15 193
- - - - 208" - - Vo - 47 3 [1] €18 198
- - - - 17 - - vo 38 48 54 70 Fi8 199
GNO 12 1 1 2 =3 - Vo 39 49 58 71 [ 202
- - - - 3" - - - - - - 72" - -
PGCX1 (A18, VO) 13 2 2 4 83 88 - - - - n | - -
VO (A7) 14 3 ] 3 A 89 ) - 50 58 74 G15 208
Vo - 4 4 ] A2 82 ) ~ 51 57 78 G18 208
Vo - s [ 7 cs [ Vo <0 52 €8 78 H18 211
- - - - = - - VO (EAR. INTT) a1 53 [ fad HIS_| 214
Vo (Ton 135 [] 6 8 B4 98 vee 42 54 60 78 H14 -
VO (TCK) 18 7 7 9 <] 101 GNO 43 55 61 79 J14 -
- - - [N 107 AT - [ 44 58 52 80 J15 217
- - - [ 11" - - o 45 57 83 81 Jis 20
- - -~ - 12" -~ - o - 58 54 [~] K18 3
- - - - 137 - - Vo - 59 [ a X185 28
GND - s 10 14 cs = - - - [ - -
vo - 9 11 15 8s 104 - - - = as” - -
Vo - 10 12 18 B6 107 ) 48 60 68 88 K14 29
5 VO (TMS) 17 11 13 17 AS 110 vo a7 61 67 87 Lis =]
) 18 12 14 18 c7 13 - vo - 62 68 88 M1§ =
- - ~ - 19" - - vo - 63 69 69 L1 233
- - - - 20° - - GND - 84 70 90 L14 -
vO - 13 15 21 87 118 - - - - 1M - -
vo - 14 18 2 AS 119 - - - - 92" - -
[is] 19 15 17 23 A7 122 - - - [iM 93" N1S~ -
Vo 20 18 18 24 A8 128 - - - 12" 94" | M15” -
GND 21 17 19 25 c8 - Vo 48 55 73 95 P16 241
vce 2 18 20 28 B3 - VO 49 58 74 [ M14 244
VO 2 19 21 F2d [ 128 vo - 57 [ 97 N1S 247
VO 24 20 2 28 [ 131 Vo - [ T8 98 P15 250
Vo - 2t Fx) 29 A9 134 Vo 50 69 7 9 N14 23
vo - 2 24 2 810 137 SGCX3 (VO) 51 70 78 100 R18 258
- - - - N - - GND 52 71 5] 101 M4 -
- - - - R |- - - - - - 102" - -
o 25 2 25 3 c10 140 DONE 53 72 80 103 R1S -
o 28 24 28 EX A10 143 - = = = 104" - -
vo - f=] 27 33 ATt 148 - - - - 108" - -
Vo - 28 28 £ 811 148 vee 54 n 81 100 P13 -
GNO - a F) 37 c1t - - - - - 107" - ~
- - - - 38" - - [ 55 74 [ 108 R14 -
- - - - O - - Vo (07) 58 75 83 109 T18 259
- - - 0" «° | a2’ ~ PGCX3 (VO s7 78 o4 110 TS 222
- - - 31" 4t - - o - 77 85 111 R13 25
o 27 E-) » ] 812 152 - - - - = - ~ ]
o - 2 3 4 A13 158 ) - 78 ) 112 P12 288
vo 0 ) 4 Al4 158 vO(D6) 58 n 87 13 T14 m
. 1g b 08 pins,
1 Contributes only cne BR (i)  the boundary ecan regisier.
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XC4005A Pinouts (continued) .

Pin B Bound
PCB4 TO144 pQ1so PO208 PG158 Scan
0 - 80 [T 114 T13 274
- - - 89° 118° R12" -
- - - 90" 118" T12° -
- - - - 117° - -
- - - - 118° - -

GND - 81 o1 119 P11 -
vo - 82 92 120 R11 Fizd
vo - [<] 93 121 T 2680

VO (05) 59 [7] 94 122 T10 283
V0 (&2 €0 85 95 123 P10 286

- - - - 124° - -

- - - - 125" - -
Vo - [0 96 128 R10 289
(=] - 87 97 127 T 292
VO (D4) 61 83 98 128 RY 295
) 62 89 [ 129 P9 298

vCC 63 100 130 RS -

GND 64 [3 101 131 P8 -

Vo (03) 65 02 102 132 T8 301
V0 (RS) 8 83 103 138 17 304
Vo - 04 104 134 T8 307
() - [ 105 138 R7 310
- - - - 138" - -
- - - - 13r° - -
YO (02) 87 [ 108 138 P7 13
[3) 68 97 107 139 5 1
19 - 98 108 140 RS 18
o - [ 109 141 T4
GND - 100 110 142 P8 -
- - - - 143" - -
- - - - 144° - -
- - - 5N 145" RS" -
- - - 112° 148" - -
VO (01 69 101 113 147 3 32
VO (ROLK-BUSY/ADY) 70 102 118 148 [0 328
o) - 103 118 149 R4 33
[[8) - 104 118 150 R3 334
VO (00, DIN) 7t 105 117 151 P4 337
SGCK4 (DOQUT. YO) 72 108 118 152 T2 340
CCLK n 107 119 153 R2 -
vceC 74 108 120 154 P3 -
- - - - 155" - -
- - - - 156" - -
~ - - - 157" - -
- - - - 158" - -
0 (TDO) 75 109 121 159 T -
GND 76 110 122 160 N3 -
VO (AD.WS) v n 123 181 A1 2
PGCK4 (A1.VO) 78 112 124 162 P2 F
Vo - 113 125 163 N2 [
Vo - 114 126 164 M3 11
VO (CS1.A2) 79 18 127 185 P1 14
VO (A% 80 118 128 168 N1 17
- - 117° 129 167° M2" -
- - - 130° 188° M1° -
- - - - 169” -
- - - - 170" -

GND - 118 131 171 a -
(3] - 119 132 172 2 20
=} - 120 133 173 L1 23

VO (A4) 81 121 134 174 K3 26
VO (AS5) 82 122 135 175 X2 29
- - - - 178" - ~
- - 138° 177° - -
) < 123 137 178 X1 32
vo - 124 138 179 J1 3s
V0 (AS) 83 128 139 180 2 38
VO (A 84 128 140 181 3 41
GND 1 127 141 122 H2 -
* Indicates unconnected pins. Boundary Scan 8 1 = TDO.O

package
Boundary Scan Bit 0 = TDO.T Boundary Scan 81 343 = BSCANT.UPD
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.XCA4000A 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 Inform’ation

Example: XC4005A-5 PQ160C
Device Type . Temperature Range
Speed Grade Number of Pins

) Package Type
Component Availability
[Fing” 84 100 120 ] 144 | 156 | 160 | 164 | 191 ] 196 208 223 | 225 240 99

TOP TOP TOP

TYPE PLAST. | PLAST. | PLAST. | BRAZED|CERAM. | PLAST. | CERAM | PLAST. | BRAZED| CERAM. | BRAZED| PLAST. | METAL |CERAM.| PLAST. | PLAST. | M&TAL | METAL

PLCC | POFP | VOFP | CQFP | PGA | TQFP | PGA | PQFP | CQFP | PGA | CQFP | PQFP | PQFP | PGA @GA | POFP | POFP | POFP

cooe PCB4 | PQ100|VQ100] CB100|PG120| TQ144 | PG156] PQ180|CB164 | PG191| CB196 | PQ208|MQ208] PG223| BG225 | PQ240) MQ240] PG299

XC4002A 8l ct c1 C1_joeras]  C WuSEseluabens gy : ; P T L e DR T
5 ¢ c [ I : i} T A 1
-4 ST o e D s g SE RIS EY

XC4003A MB [ ANt e Aoty L REERAESY,

XC4004A

ci 4 ‘.@’.Q ) oA ";F’J [-1] "M'& & .‘ % RIS s P s LR
[l e A C__ kesiuay BTG Pl fs I i sy
C u Commercial #0° 0 +85°C | =Industrial = 40°10+100°C M= Mil Temp = -55° 10 +125° C

B = MIL-STD-883C Class 8 F hiture product plans
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Packages and Thermal Characteristics

Pin 1 1D
0.045 x 45°,
\ 1 1 75
N7 k=2
12 74

b

b

b

P

p

1150 4
£0.008 n
1.154 b
£0.004 h

b

B

h

p

q h

N.

3

b

32 54
o Inches ‘--1.154:0.004—534
L,° hu“"vwnm‘so anche 1.150 £0.005
Top View
g__fgso “{ p+ 0.028 .‘ 0.045
$

E ‘lr1"nununun“rlununun“ﬂunununun\‘r!]n\‘n“nu 7- 0.048
@Qﬂl b0 sle0017 T oo20me

000 Ret.
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Packages and Thermal Characteristics

Thermal Resistance, Junction-to-Ambient (8,, in °C/W)

Measured between 22° and 25° C. Values indicatad for zero air fiow. Additional values may be epproxi d for plastic packag X5053
For 250 linear feet per minute (LFM) or 1.3 nvs, muttiply value by 0.75. For S00 LFM or 2.5 mVs, muttiply vakse by 0.67.
For 750 LFM or 3.8 nvs, muitiply value by 0.63.

Thermal Resistance, Junction-to-Case (8,¢ in °C/W)

Pins 44 48 64 68 [ 84 100 120 132

Type pLcc | poip von PLCC | PGA | PLcc | PGA ToFP | varP | COFP PPGA | PGA
XC2084/1, 17.5 116 ; ¥ : %wm}fwwmm (XA G s
XC20181 | 152 | :
XC3020AN, 2wt
XC3030A/L 11_5
XC3042A1. 5%
XC3084A1, mmm ;
XC3090AL | 3%
XC3195A
XC4002A
XC4003
XC4003A
XC4003H
XC4004A
XC4005
XCA4005A
XC4005H
-~ [Xca006 :

|XC4008 | &¥3yit
XC4010/D_ |
XCA013/0
XC73318/361
XC7354
XC7372 SR,
XC73108 %ﬁw»'
XCT73144__ |
XC7236A
XCT2T2A
Measured at 25° C with FC40 conditions.
Board Conditions

Through-hole packages were socketed. Surface-mount packages were mounted on a single-layer 6.0 inch by 4.5
inch by 0.0625 inch FR4 board with less than 10% copper traces. Indirect electrical method used.
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Thermal Resistance, Junction-to-Ambient (8, in °C/W)

Measured between 22°C and 25°C. E=Estimated value. Valuas indicated for zero air flow. Additional values may be approximated for plastic packages. X8050
For 250 linear feet per minute (LFPM), muttiply value by 0.76. For 500 LFPM, multiply vaiue by 0.67. For 750 LFPM, muitiply value by 0.63.

Thermal Resistance, Junction-to-Case (6,c in °C/W)

Measured at 25° C with FC40 conditions. Xs0s2
Board Conditions :

Through-hole packages were socketad. Surface-mount packages were mountad on a single-layer 8.0 inch by 4.5
inch by 0.0625 inch FR4 board with less than 10% copper traces. Indirect electrical method used.
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Additional

ST XILINY XC4000 Data

XAPP 045.000

Application Note 8y PHILIP FREIDIN

Summary

This Application Note contains additional information that may be of use when designing with the XC4000
families of devices. This information supplements the product descriptions and specifications, and is provided

for guidance only.
Xilinx Family
XC4000/XC4000A/XC4000H

Introduction

This application note describes the electrical characteris-
tics of the output drivers, their static output characteristics
or WV curves, the additional delay caused by capacitive
loading, and the ground bounce created when many out-
puts switch simultaneously.

Voltage/Current Characteristics of XC4000-
Family Outputs

Figures 1 through 4 show the output source and sink cur-
rents, both drawn as absolute values. Note that the
XC4000 families have an n-channel only, totem-pole like
output structure that pulls a High output to a voltage level
that is one threshold drop lower than Vgc. When driving
inputs that have a 1.4-V threshold, this lower Vo offers
faster speed and more symmetrical switching delays. The
XC4000H outputs offer an optional p-channel output driver
and thus rail-to-rail switching a configuration option for each
individual pin.

These curves represent typical devices. Measurements
were taken at Veo= 5 V, T = 25°C. These characteristics
vary by manufacturing lot, and will be affected by future
changes in minimum device geometries, notably a change
from 0.8 1 to 0.6 y. These characteristics are not produc-
tion-tested as part of the normal device test procedure;
they can, therefore, not be guaranteed. Although these
measurements show that the output sink and source
capability far exceeds the guaranteed data sheet limits,
continuous high-current operation beyond the data shest
fimits can cause metal migration of the on-chip metal
traces, permanently damaging the device. Output cur-
rents in excess of the data-sheet limits are, therefore, not
recommended for continuous operation. These output
characteristics can, however, be used to calculate or
model output transient behavior.
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Figure 1. Output Voltage/Current Characteristics for
XC4005-5
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Figure 2. Output Voitage/Current Characteristics for
XC3002A
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Figure 3. Output Voitage/Current Characteristics for XC4005H
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Figure 4. Output Voitage/Current Characteristics for XC4005H

Additional Output Delays When Driving
Capacitive Load

4

Xilinx Product Specifications in Section 2 give guaranteed
worst-case output delays with a 50-pF load.

The values given in Table 1 are actual measurements bn a
small number of mid-93 production XC4005-5, XC4005A-5
and XC4003H-5 devices, all in PQ208 packages, mea-
gured at room temperature and Vg = 5.5 V. Listed is the
additional output delay, measured crossing 1.5 V, relative
to the delays specified in this 1994 Data Book, Section 2.

These parameters are not part of the normal production

test flow, and can, therefore, not be guaranteedf

Table 2 lists the additional output delay, measured cross-
ing 1.5-V, relative to the delay with 100 pF load shown in

Table 1.
Example:

AT High-to-Low for XC4005-5 with Fast-mode output driv-

ing 250 pF:

1.2 ns (from Table 1) plus (250-100) pF « 1.5 ns/100 pF

=12ns+225ns=3.45ns
“Total propagation delay, clock OK to pad:

Tokpor +3.45ns=7.0ns +3.45ns = 10.45 ns

‘Table 1. Increase in Output Delay When Driving Light

Table 2. Increase in Output Delay When Driving Heavy

Capacitive Loads (<150 pF) Capacitive Loads (>150 pF)
High-to-Low Low-to-High Slew . .
Slew Family Mode High-to-Low Low-to-High
Family  pode 10 50 100 10 50 100 pF
XC4000 Slow 16 0 14 -14 0° 14 ns  XC4000 Slow 1.7 1.2 ns/100 pF
Fast 16 0 12 42 0 11 ns _ Fast 15 12 ns/100 pF
XCA4000A Stow 22 0 17 -15 0° 14 ns XCA4000A Slow 21 12 ng/100 pF
MedSlow -18 0° 16 -1.3 0° 1.1 ns MedSlow 1.5 1.1 ns/100 pF
MedFast -1.8 0° 13 -1.3 0° 1.1 ns MedFest 1.0 1.1 ns/100 pF
Fast 20 00 12 -10 0° 13 ns Fast 0.9 11 ns/100 pF
Cap- xcao0oH &30 27 0.9 ne/100 pF
XC4000H e 22 00 19 05 0° 07 ns CMoS ‘
Ras-
g::és 14 0 12 -10 0 08 ns cmos '8 1.0 ns/100 pF
Cap-TTL 19 0 16 -12 0° 12 ns CapTTL 21 13 ne/100 pF
Res-TTLL. 1.1 0* 10 -11 0° 10 ns
*Zero by definition.

XAPP 045.000
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Ground Bounce in XC4000 Devices

Ground-bounce is a problem with high-speed digital ICs,
when multiple outputs change state simuitaneously caus-
ing undesired transient behavior on an output, ¢r in the
internal logic. This is also referred to as the Simultaneous
Switching Output (SSO)-problem. Ground bounce is prima-
rily due to current changes in the combined inductance of
ground pins, bond wires, and ground metaliization. The IC-
internal ground level deviates from the external system
ground level for a short duration (a few nanoseconds) after
multiple outputs change state simuitaneously. Ground
bounce affects outputs that are supposed to be stable Low,

+and it also affects all inputs since they interpret the incom-
ing level by referencing it to the internal ground. If the
ground bounce amplitude exceeds the actual instanta-
neous noise margin, then a non-changing input will be
intarpreted as a short pulse with a polarity opposite to the
ground bounce.

Vee bounce is not as important as ground bounce,
because it is of lower magnitude due to the weaker pull-up
transistors. Also, the noise immunity in the High state is
usually better than in the Low state, and input levels are ref-
erenced to ground, not Vc. All this is the result of our
industry’s TTL heritage.

Test Method

Data was taken on XC40005-5, XC40005A-5, and
XC40003H-5 devices, all in the PQ208 package, soldered
to the Xilinx Ground Bounce Test Board. Pin 82, two pins
away from the nearest ground pin, was configured as a per-
manently Low output driver, effectively monitoring the inter-

nal ground level. The simultaneously switching outputs
were on pins 80 and 83, for two outputs switching; addition-
ally, pins 80 and 86 were used for four outputs switching
(81 and 84 on the XC40003H). The closest ground pins are
79 and 90.

Four ground-bounce parameters were measured at room
temperature, with Vce set at 5.5 V as shown in Figure 1.

Vore.HL Peak ground noise when outputs switch High-to-
Low

Vow-HL Valley ground noise when outputs switch High-
to-Low

Voup-iH z.earl'( ground noise when outputs switch Low-to-
19

Vow.y Valley ground noise when outputs switch Low-
to-High

All four parameters can affect system reliability.

The two positive peak values can cause problems with a
signal leaving the ground bounce chip, driving another chip.
The positive ground bounce voltage is added to the Vg,
and may exceed the receiving input's noise margin. A con-
tinuously logic Low input may thus be interpreted as a
short-duration High puise.

The two negative valley parameters can cause problems
with a signal arriving at the ground-bounce chip, where the
on-chip ground reference is negative, reducing the Low-
level noise immunity. The incoming voltage may not be Low
enough, and may, therefore, te interpreted as a short-dura-
tion High input pulse.

Vou Vou
Switching
Outputs
Vo Vou
v,
TS Vo
Non-Switching
Active-Low Output Vo
Vouv-+ Vowvas
- xs290

Figure 5. Ground Bounce
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Table 3. Ground Bource, 16 Outputs Switching, Each With
50 pF Load, VCC =55V

Table 4. Ground Bounce, 16 Outputs Switching, Each With
150 pF Load,Vgc =5.5V

Slew.Mode

Family Slew Mode High-to-Low Low-to-High Family High-to-Low Low-to-High
Vorr Vov Vorr Vo Vorr Vowv Vorr Vow
XC4000 Slow 670 480 240 240 mV XC4000 Siow 740 330 210 280 mV
Fast 1,170 710 480 660 ‘mV Fast 1,180 420 350 710 mv
XC4000A Slow 565 425 290 310 mV XC4000A Slow 61 270 245 330 mVv
MedSlow 950 610 500 780 mV MedSlow 960 310 820 370 mV
MedFast 1,140 860 500 780 mV MedFast 1,140 620 370 790 mV
Fast - 1,240 910 500 810 mV

XC4000H Cap-CMOS 940 660 660 770 mV
Res-CMOS 1,250 1,210 590 480 mV
Cap-TTL 830 460 450 570 mV
Res-TTL 1060 960 440 350 mV

Fast 1,200 640 370 810 mV

XC4000H Cap-CMOS 1,080 390 470 860 mV
Res-CMOS 1,500 820 420 590 mV
Cap-TTL g00 250 320 610 mV
Res-TTL 1,170 660 300 470 mV

Interpretation of the results

Ground bounce is a linear phenomenon. When multiple
outputs switch, the total ground bounce is the sum of the
ground-bounce values caused by individual outputs switch-
ing. Since the actual switching of multiple outputs is usually
not quite simultaneous, small timing differences between
the switching outputs, caused by routing delays, can indi-
rectly affect the amplitude. With low capacitive loading, < 50
pF, the peaks and valleys might even partially cancel each
other. With larger capacitive loads, the tendency is for val-
leys to combine with valleys and peaks to combine with
peaks.

In most devices tested, the load capacitance does not
directly affect the ground-bounce amplitude, but it does
affect the duration of the ground-bounce signals.

On the fastest outputs, minima! load capacitance created a
ground-bounce resonant frequency of 340 MHz, with a
half-cycle time of 1.5 ns. Such a signal exceeds 90% of its
peak ampiitude for about 0.4 ns.

With a 50 pF load on the switching outputs, the ground
bounce resonant frequency is 85 to 97 MHz, with a half-
cycie time of 5 to 6 ns, staying 1.7 ns above 90% of peak
amplitude.

With a 150 pF load on the switching outputs, the ground
bounce resonant frequency is 40 to 60 MHz, with a half-
cycle time of 8 to 12 ns, staying 3 ns above 80% of peak
amplitude.

The main problem with large load capacitances is not an
increase in amplitude, but rather an increase in duration of
the ground-bounce signal. The amplitude is mainly affected
by the number of outputs switching simuitaneousty, and by
the slew-rate mode of these outputs. Switching outputs
closer to the monitoring output also cause larger peaks and
valleys than outputs further away.

Guidelines for reducing ground-bounce effects

¢ Minimize the impedance of the system ground distribu-
tion network and its connection to the IC pins. PQFPs
are best suited, PGAs ars worst, and PLCCs are in-
between.

¢ Use PC-boards with ground- and V¢-planes, con-
nected directly to the ICs’ supply pins. Place decou-
pling capacitors very close to these ground and Vg
pins.

* Keep the ground plane as undisturbed as possible. A
row of vias can easily cause a dynamic ground-voltage
drop.

¢ Keep the clock inputs physically away from the outputs
that create ground bounce, and connect clocks to input
pins that are close to a ground pin. Make sure that all
clock and asynchronous inputs have ample noise mar-
gin, especially in the Low state.

¢ |f possible, avoid simuitaneous swilching by staggering
output delays, e.g. through additional local routing of
signals or clocks.

¢ Spread simultaneously switching outputs around the IC
periphery. For a 16-bit bus, use two outputs each on
either side of four ground pins.

XAPP 045.000
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Ground-Bounce vs Delay Trade-Oft

After the external sources of ground bounce have been
reduced or eliminated. the designer can trade reduced
ground bounce for additional delay by selecting between
families and slew-rate options. Figures 2 and 3 show the
available choices, based on 16 outputs switching simulta-
neously High-to-Low.

Summary

For light capacitive loads, the XC4000 and XC4000A, both
in slow mode perform well, with ground bounce below 800
mV; the additional delay, compared to fast mode, is only 4
to 5 ns. For larger capacitive loads, the XC4000H in
Capacitive-TTL mode offers the best trade-oft.

1) XC4000 Stow 6) XC4000A Fast
2) XCA4000 Fest 7) XC4000H Cap-CMOS
3) XC4000A Slow 8) XC4000H Res-CMOS
4) XC4000A MedSiow 9) XC4000H Cap-TTL
5) XC4000A MedFast 10} XCAOOOH Res-TTL
s
;f- 1400—]
=]
2 1200~ Py ° ®
$ 8
1000
§ o ©9
800
3 o
g 600—
g (3]
400
200
) T T T T T
1 2 3 4 5
Delay (ns)

Figure 6. Ground-Bounce vs Delay Trade-off for 16 Qutputs
Switching 50 pF each

1) XC4000 Slow
2) XCA4000 Fast
3) XC4000A Siaw

6) XC4000A Fast
7) XC4000H Cap-CMOS
B8) XC4000H RAes-CMOS

1800 4) XCA4000A MedStow 9) XCAOOOH Cap-TTL
1600 §) XCADOOA MedFast 10) XCACOCH Res-TTL -
(4]

g 1400
2
a 1200~
3 R ()
a 1000 GP
800
: 0
% so] o
8
© 40
2001
L8
0 T T T T T
4 s 8 7 accitiona ®
Detay (ns)
X5250

Figure 7. Ground-Bounce vs Delay Trade-off for 16 Outputs
Switching 150 pF each
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