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ABSTRACT
This thesis presents the central processing unit using VHDL language and FPGAs

device. In this thesis, CPU is designed by VHDL language. It contains of data bus 8 bit,
address bus 16 bit, ALU 8 bit and 25 instructions. Then, the VHDL file, which simulated
completely, is converted to a schematic file by View Logic software. Next, a schematic file is
converted to a XNF file and a bit file by XECP step software from XILINX Co.,Ltd.. After
that, a bit file is downloaded into the FPGAs devices XC4010. The FPGAs cevice represents

central processing unit. Consequently, the FPGAs device can worked completely.
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Taseasevesniy VEDL Tlassafaiididyassdiufomsussssnmsidoude

fulanmeusn (Design-Entity) Uazm3sussewamilaunssy (Architecture body) 1ag

v 1
Twnsaimaosdudwanlugili 2.1

ENTITY identifier is
[generic (generic_list)][port_list);]
[begin
{passive_concerrent_statement}]

end[entity][entity_simple name];

ARCHITECTURE identifier of entity_name is
architecture_declarative part

begin

all_concerrent _statements

end[architecture][architecture_simple name];

UM 2a17Asadeven1m1 VEDL

@196 VHDL 9614108 miunes3uavuuudanuiany (Combination

Circuit) 2995U051NA
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ENTITY norl is
port(a,b:in bit;
s:out bit);

end norl;

ARCHITECTURE arcnor of norl is
begin

s<=anorb

end arcnor;

U1 2.2 dadiredn v VADL sgndwdmivinsiBuauuusanuiany

f296°9MY1 VADL 86 W0d M UNITIFUAUMVUAIAY (Sequential Circuits)

NesHav-wasy (Flip Flop)

ENTITY ffl is
port(clk : in bit;
d : in bit;
q : out bit);
end ffl;

ARCHITECTURE arcff of ff1 is
begin
p_ff1 :process

begin

71U 2.3 #1061 11 VHDL sdnsdwdmiunenidaaviuuddy
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wait utill clk="1";
q<=d;

end process p_ffl

end arcff;

31N 2.3 (di8) Ar9619m 111 VHDL sgndwdmiunesidauavuuusdy
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CLOCK
en clk
P> = 5 — >
A Package
Component

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

END clock_component;
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gllﬁ 2.4 AMINMNIUUATMTUITUONTIFOUADYDY clock_component
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PREDEFINED OPERATORS

LOGICAL OPERATORS : NOT AND OR NOR NAND XOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN
PREDEFINED OPERATORS
RELATIONAL OPERATOR: = /= < <= > >=
OPERAND TYPE : any type
RESULT TYPE : boolean
ARITHMETIC OPERATORS: + - * / MOD REM ABS
OPERAND TYPE : INTEGER REAL physical
RESULT TYPE : INTEGER REAL physical
PREDEFINED OPERATORS
CONCANTENATION OPERATORS: &
OPERAND TYPE : array of any type

RESULT TYPE : array of any type

3uM 2.5 danseiirlunwn vEDL



1

PAMRTAINWIBNING B

TureesBinnseilnd gunsaiynadinzedluammaioundsuaue (Always
Active) Uay zﬁﬁawamam’lﬁmxﬁma’fﬂmanahnnmqmsnfﬁtﬁﬂ?jyu A1 VHDL (fu
i Idsumssenuuuiieannsaussnegtivy tazmslesfuvesardmiums
hauvesginsallfetngndes msvssswmahaniiegnieldduvesaniilasnssy
UTT010 (Architecture) xiimsinuiindoumssstuaue nioudud Insiadaiing i
smoluduiuudrduideion  naiinawinssaegmolulassadadondu yn
Twsiafvziiam lindeusudae

doyanauazaunls

Foanuidnvasihuaioudinanerdauss ildlunmsdwindoyauaziivos
yoanandufeadesdis mstmuamldtudygndnuaies dydnyel <= Tumsds
fuazaunsaldide APTER (fledmuasaunalumsdeiimvesdyana 1wy
w<=a AFTER 12 nS ¥ieiN mstmuamvesdygia a iy w nawnnawmly
12 0s Tumnasedudwdnsidnasiviadoudinaraenas 14 unsdaimg
Joya uarlidiewesnadnndvidesdas msdmuas Miudandses 1yl
= fudsorgnifludauniidmahauiuiuvddusdasuly feddu Tnsdioes uas
Tnsiva

2.3.2 MIVIFNTINGANTTN
@ ° U4 o o a a oy
MIUTTOUAAYUMININNYegUnssiaTauad uganganssy Wums
ussorwanyauznmsasunlasvesdeyalugduuvvesdansisy dmfumsdmon
v ¢ a4 A & Y d v 1o 4 22
nadnsnnavuduiisunanmsasuulasanzvesdoyaiidinlay hididsden
] L
dnvuzInssadmSeanuduiusvesginsaifisgarnlu luiadelluanaldiiiuge
UszToani lums 19 Tdsunsudesisrasuudunmeniynlusedunginssy unums
1arsausswdadesmuadin inasd
nsiwe (Process)
3 L] A { [3 J o o o
Tnswaiiugluuuiugwedrmilailflumssmuam iiudydnye Tnsva

o W

T $ U a way o ﬂ'l A 4
srog luanuzimioundovegiaue tazezifiRaumudmrdandousudu Insisadud

1]
o o

agnoluamilasnssuussnedodndu  Tnsiaszdfifoaumumdaiufinlimamsal



12

14 (]
e dygpansgnudminiiovesdydnyalmssmuamiudyana (<= ms
U330 INsiraeziudiefide PROCESS uazeudiodide END PROCESS; jUfl 2.6
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4 1 oS wa o l'l & (& 4
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PROCESS

declarative part
BEGIN

statement part

END PROCESS;

31U 2.6 guluvvveIMsUTSHWHLL TWsIva

msmmuandizneumealulnsse

danseimeluInsivadl 3 siafle danls (Variable) ‘M8 (File) nazinadi
(Constant) Fodanspimtaruiiaimnimatsema Bl Twswala Se191dmmely
Tnsienfuniniu midadefunieuenwieszniaTnsima annsani 14 Tas lddyam

niodanann 1dusena 14 luduves ARCHITECTURE

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

END PROCESS;

3N 2.7 dvdumstszmadansziinie luTnsiae



13

: el (3 A \] 1 o q';
sl 2.7 wamamsdszmadanssiimeluinsma Fezegsznindids
PROCESS Uiaz BEGIN ausudufignimualdiudinssihmeluInsisaezgminnly
A' 9 a wa s .’;’ =4 v A Y n:' Ul ] o 9
TupeuSuduveamsUidiissnsudos ausudunegmeluldsunsudesezgninnly
3 d'd =) 1]
ynasanlimsiFonTusunsudes
msmmuamsnszimeluinssa
msnseimeluInsasufiumsU§Ruuuddy ( Sequencial ) taue  awlu
A ] :’ )
Tnsisaaansa ldgUuvuvesms 19@eu lyndomsiis 14 9y [F-THEN-ELSE, CASE-

WHENFOR-LOOP Liaz WHILE-LOOP aydegnalugiii 2.8 uasgiln2e |

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;

P4 .
311 2.8 FoulumsnsziiluTwsiva
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ARCHITECTURE demo OF partial_process IS
BEGIN
PROCESS
BEGIN
x <=a AFTER 10 nS;
y <=b AFTER 6 nS;
END PROCESS;
END demo
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51 2.10 (n) #ed1Tuiaa D Flip-Flop

ENTITY d_sr_flipflop 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;

; B7 ¢
3111 2.10 (v) MIVTTHIWMIIFONADVE D Flip-Flop

ARCHITECTURE behavioral OF d_sr_flipflop IS
SIGNAL state : BIT := 0’;
BEGIN
dff: PROCESS(rst, set, clk)
BEGIN
IF set="1" THEN
state <= ‘1> AFTER sq_delay;
ELSIF rst = ‘1’ THEN
state <= ‘0’ AFTER rq_delay;
ELSIF clk = ‘1" AND clk’event THEN

51 2.11 MsusseeIFMgAns YDA D Flip-Flop TavlddnsevimeluTnsiva
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state <= d AFTER cq_delay;
END IF,;
END PROCESS
q <= state;

gb <= NOT state;

END behavioral;

3N 2.11(8) MsUsTIWUFNGANTIUVE D Flip-Flop Tav1ddanssihnie Ty Insee
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- o ° G‘I ‘é (3 3 4 =\
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ASSERT assertion_condition REPORT “reporting_message”SEVERITY severity_level;

14

ava A 4 % [
flzgniiiaiieitewly assertion_condition fifuTy False ttazvzuaasde

1
s

AN
1 a S o o Y
17U “reporting_Message” drumslines severity_level zitludamvuassdunu
{ = 1 4 ' ar o
ussifavu Faiuin 4 5280 Ao Note, Waming,Error (192 False FTAUAINTUN
=) R ° = ° [ [ d’ v
Error Y159 Failure %371'lﬂ'lilaU'Lllll]'l]ﬂ‘]i‘l’lN'lu}’iQﬂ‘VIUYIH’d\W'IﬂTI'1511’(’{?]\1‘110?]’]111

reporting_message

ARCHITECTURE behavioral OF d_sr_flipflop IS

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

ASSERT
(NOT(set=‘1° AND rst = ‘1%))

U 2.12 M31% ASSERT
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REPORT
“report and rst both 1”
SEVERITY NOTE;

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

END behavioral;

sUN 2.12 (7iv) M5 19 ASSERT

A9UTZAU Note 38 Warning 9ZUAAIUOAIIY reporting message LATIAARIY
wumshaude 1y gundiundoinisasvaeumsiiamuues D Flip-Flop Iuvaisi
e ldiRadaanatunsditlifalsson o dyana set st Taushu <17 niou
fufansansieaeuIdTasunsnfids ASSERT itensaedeudaanalu Insiwalda

NINYATD
J 1 3 y
msngasaugiiuudidailgifemisswrmvesdaanade 4 sUuuudail

WAIT FOR waiting_time;
WAIT ON waiting_sensitivity_list;
WAIT UNTIL waiting_condition;
WAIT;
MdmgasoannsaldldmeluTnsirauas Tnsdesi hignfmun Sensitivity
List 1infu WAIT FOR veoysoifuauidy waiting_snsitivit_list WAIT UNTIL 9%

A 4
nqﬂsmummau“lm waiting_condition 1ldouen False 1i‘|u Ture tiaz WAIT 91YAT0
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Usznoudas 3 daumudiy Aediudsemeessiseney (Component Specification)

L] : o A 1 L. ar

d2ufl f MuanISI¥ oud 0voanes af Ud o IUVeI89A UTENOY (Component
1 4 [ A | L4 o

Specification) AU MUANITIHoNA sYBINDT Af UF Yy r1vEIBIA TNy

d 4 4 Y
(Component Instantistion) gllﬁ 2.13 ll’c’fﬂ\‘lmi‘.UiitnEJﬂ‘I'il‘lf'E)IJﬂE)’N%iLaﬂﬂﬁﬂJty'lm 299N

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:

label : compinent_declaration_name PORT MAP(association_list);

ENTITY mux IS
PORT (d0, d1, sel : IN bit ; q: OUT bit);
END mux;
ARCHITECTURE struct OF mux IS
COMPONENT and2
PORT (a, b : IN bit ; z : OUT bit);
END COMPONENT;

71U 2.13 myusseeTnssadnuesneidondyaie 2 sonl
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COMPONENT or2
PORT (a, b : IN bit),
END COMPONENT;
COMPONENT inv
PORT(i:INbit; z: OUT bit);
END COMPONENT;

SIGNAL aa, ab, nsel : bit;
FOR ul : inv USE ENTITY invert(behav);

FOR u2,u2 : and2 USE ENTITY and gt(dflw);
FOR u4 : or2 USE ENTITY or _gf(arch 1);
BEGIN
ul : inv PORT MAP (sel, nsel);
u2 : and2 PORT MAP (nsel, dl, ab);
u3 : and2 PORT MAP (d0, nsel, aa);
ul : or2 PORT MAP (aa, ab, q);

END struct;
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PACKAGE indentifier IS
package_declaritive_part

END indentifier ;

PACKAGE BODY indentifier IS
package declaritive_part

END indentifier ;
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MUX

Select
Lines

1111

Output

Input
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511 2.15(n) A29619 TUIAAYBI19S 8-to-1 Wadman

ENTITY mux 8 to 1IS
PORT (i7, i6, i5, i4, i3, i2, i1, i0 : IN BIT;
s7, s6, s5, s4, s3, s2, s1, s0 : IN BIT; z: OUT BIT);
END mux_8 to_1;
ARCHITECTURE dataflow OF mux 8 to 11IS
SIGNAL sel_line : BIT_VECTOR(7 DOWNTO 0);
BEGIN
sel_line <=s7 & s6 & s5 & s4 & s3 & 52 & sl & s0;
WITH sel_line SELECT
z <=0’ AFTER 3 NS WHEN “00000000”,
i7 AFTER 3 NS WHEN “10000000”,
i6 AFTER 3 NS WHEN “01000000”,

U7 2.159) MsussoTidoyaveeiies s-to-1 HaAman
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i5 AFTER 3 NS WHEN “00100000”,
i4 AFTER 3 NS WHEN “00010000”,
i3 AFTER 3 NS WHEN 000010007,
i2 AFTER 3 NS WHEN “00000100”,
il AFTER 3 NS WHEN “00000010”,
i0 AFTER 3 NS WHEN OTHERS;

51 2.15 (dle) () MIVTTNTITOYAUDIT 8-to-1 afindn
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target <= GUARDED waveforms or conditional waveforms or selected waveform;
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31U 2.17 () Tuaaves D Flip-Flop

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

END BLOCK ff;

END guarding;

1 2.17 (v) #79819m13 1% GUARDED
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enable (¢) Aol TRUE #18 GRUADED 1u gate : BOLCK unuitou'lvlaq fiegno
A < 4 i
uen lunsdliinunedadeonlvnmelurudy (=1)AND(NOT ¢’STABLE)) luwaizi

GUARDED 9zunuidoulvsianualunsdififie (e=1’) AND ((c=*1’)AND(NOT

¢’STABLE))

ENTITY d_flipflop IS
GENERIC(delay 1 : TIME :=4 Ns : delay2 : TIME := 5 nS)
PORT(d, c, e : INBIT; q, gb : OUT BIT),

END d_flipflop;

ARCHITECTURE guarding OF d_f{lipflop IS
BEGIN
edge: BLOCK((c= ‘1) AND (NOT ¢’STABLE))
BEGIN
gate : BLOCK (e = ‘1> AND GUARD)
BEGIN /
q <= GUARDED d AFTER delayl;
qb <= GUARDED NOT d AFTER delay2;
END BLOCK gate
END BLOCK edge;
END guarding;

31 2.18 §10d19m15 14 NESTING GUARD
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é (Y or (% o o 1 4 & 1
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[ . . (O ar 1 a & 1 a 4
1@ A8 circuit_node HAnTIuez lsdrauuAimduym a idlu <17 uazmduyaduiilu

“0”

ENTITY y_circuit IS
PORT(a, b, d, c : IN BIT ; z: OUT BIT),
ENDy_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;
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FUNCTION anding(drivers :BIT_VECTOR) RETURN BIT IS
VARIABLE accumulate : BiT =1’
BEGIN
FOR I IN drivers’RANGELOOP
accumulate := accumulate AND drivers(i);
END LOOP;
RETURN FUNCION;
END anding;

17 2.20 Medduidenassdoyaiuy anding

ARCHITECTURE wired_and OF y_circuit IS
FUNCTION anding(drivers :BIT_VECTOR) RETURN BIT IS

VARIABLE accumulate : BIT := 1’;

BEGIN
FOR T IN drivers’RANGELOOP
accumulate := accumulate AND drivers(i);
END LOOP;
RETURN FUNCION;
END anding;
SIGNAL circuit_node : anding BIT;
BEGIN
circuit_node <= a;

circuit_node <=b;

U 2.21 M5 1909y anding Aumsidenassdoya
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circuit_node <=c¢;
circuit_node <=d;

z <= circuit_node;

END wire_and;

51 2.21 (die) M3 19HaAHY anding Aumsidenassdoya
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INVERTER

Ui 222 (0) TwmavesBunesinesinn

Entity inv IS
PORT(il : IN BIT; 01: OUT BIT);

End inv;

311 2.22 (v) MsussTIWMSIFOUAD

ARCHITECTURE single_delay OF inv IS

BEGIN
01 <=NOT il AFTER 4nS;

End single_delay;
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ENTITY nand2 IS
PORT(il, i2 : IN BIT ; 01 : OUT BIT);
END nand2;

311 223 (v) M3vsIIIMTHOUAD

ARCHITECTURE single_delay OF nand2 IS
BEGIN
01 <= il NAND i2 AFTER 5 nS;

End single_delay;

31N 2.23 (1) M3vsSTIWMITIY

117 2.24 uamdydnwsliazmsussowveanmuainnyila 3 Suna

nand3

01.—

31 2.24 () TumaveauuAnn 3 Buyn

ENTITY nand3 IS
PORT(il, i2,i3 : IN BIT ; 01 : OUT BIT);

END nand3;

311 2.24 () MsVTTHIWMITOUAD
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ARCHITECTURE single_delay OF nand3 IS
BEGIN
01 <=NOT (il NAND i2 AND i3) AFTER 6 nS;

End single_delay;

31 2.24 (M) MsussEIMTIINY
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Four Bit Comparator

4
Data + A
4 A>B
Inputs —7L‘ B Compare
A=B ———————

Outputs
A<B

Contror

Inputs

1 2.25 Wesnfvuifivuiiasiia
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Comparator
——E A agth
—{ B aeqb
alth
— et
—{leq
—{ it

a_gt b= ((agt)y.(b’gt).(ab’)y
a_eq b = ((a.b.eq)’.(a’.b’.eq)’)’
a It b = ((@.1t)’.(b.lt)’.(2".b)’)’

11l 2.26 FyanuaiiaraumsyduvesnesilSouifisuiiazia
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511 2.27 190Ny “-- Ifunudenue iy (Comment)

ENTITY bit_comparator IS

port (a,b, --data inputs
gt, --previous greater than
eq, --previous equal

' A ' =\
UM 227 msvssemsivendeves IsunsunfSsuiiivufiasin
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It:IN bit --previous less then
a_gtb, --greater
a_eq_b, --equal

alt b: OUTBIT);  --LESS THEN

END bit_comparator;

v A ' )
31U 227 (@e) msussnwmsiFeuseves TilsunsulSouivuiiazin
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Nldeonuuuliuds

ARCHITECTURE gate_level OF bit_comparator IS
COMPONENT nl1 PORT(I1 : IN BIT; 01 : OUT BIT); END COMPONENT
COMPONENT nl PORT(I1, 12 : IN BIT; 01 : OUT BIT); END COMPONENT
COMPONENT n1 PORT(11, 12,13 : IN BIT; 01 : OUT BIT); END COMPONENT

FOR ALL : n1 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 iml, im2, im3, im4, im5, im6, im7, im8, im9, im0 : BIT;

71 2.28 maussewmahaunelusesuSouifivuiiazda
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BEGIN
--a_gt b output
g0 : nl PORT MAP(a,im1);
gl : nl PORT MAP(b,im2);
g2 : n2 PORT MAP(a,im3,im3);
g3 : n2 PORT MAP(a,gt,im4);
g4 : n2 PORT MAP(im2,gt,im5);
g5 : n3 PORT MAP(im3,im4,im4,im5,a_gt b);

--a_eq_b output
g6 : n3 PORT MAP(im1,im2,eq,im6);
g7 : n3 PORT MAP(a,b,eq,im7);
g8 : n2 PORT MAP(im6,im7,a_eq_b); b

--a_lt_b output

29 : n2 PORT MAP(im1,b,im8);

g10 : n2 PORT MAP(im1,1t,im9);

gl1 : n2 PORT MAP(b,1t,im10);

g12 : n3 PORT MAP(im8,im8,im10,a_It b);
END gate_level;

71 2.28 (@8) MsvussrwMBUMs LIS suifivuTiaziia
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Four Bit Comparator

4
Data .74_ A

4 A>B |——
Inputs 7@ B AB Compare

Outputs
A<B

Contror
Inputs
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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 then
a_gtb, --a greater than b
a_eq b, --aequal b

a_lt b: OUT BIT); --a less than b

END nibble_comparator;

14 é ]
3UN 2.31 (v) MIVI50101F01ABYD2995 nibble_comparator

ARCHITECTURE iterative OF nibble_comparator IS
COMPONENT compl
PORT(a, b, gt,eq, t : INBIT ;a_gt b,a_eq b, a It b: out bit);
END COMPONENT;
FORALL : compl USE ENTITY WORK.bit_comparator(gate_level);
BEGIN
c0 : compl PORT MAP (a(0), b(0), gt, eq, It, im(0), im(1), im(2));
clto2 : FOR i IN 1 TO 2 GENERATE
¢ : compl PORT MAP (a(i), b(i), im(I*3-3), im(1*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_gtbaeqb,altb)

end iterative

710 2.32 msusseemainuYeates




37

nibble_comparator(iterative)
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FPGAs SaithnwssaummeRrianiafiannso Tusunsufiuresuavla q
A4 Wwifvady EPLD safufi EPLD Tilsunsuasuu EPROM meluuazainse
Tdsunsuinaldndsnmildavdouas uv ud FrGas Tilsunsuasuuauafnusumy
Tudredoyaiiogmonen uazannsalsunsuini 1 TaomsTisadrodaana i
MBNINIU FPGAS falszndaIWuazlinaugaeesgs Gwamanunn) 148nde

299350riiaR 19 Iu Tnses i nda Tasus o loded Xilinx) FafhuuSiniivia
mstuasuiuuSimdudule oavn afudiunguusanniuau 600-25,000 mda
uaaalumsndi 2.1 msﬁﬁ’amanwm‘uanafaismﬁ'lmhmummwswaz'lﬁ'g”dwmﬂ

v9329950 19 esauuyAemsa Tsunsuasunie9ssIu FPGAs lanse

M990 2.1 AuauiAves FPGAs ATLQadie 9

FPGAs Appr.Gate Cout | Max I/Os | Flip-Flops | RAM bit | Available CLBs
XC2064 1,000 58 122 0 64
XC2018 1,500 74 174 0 100
XC3020/3120 1,800 64 256 0 64
XC3030/3130 2,700 80 360 0 100
XC3042/3142 3,700 96 480 0 144
XC3064/3164 5,500 120 688 0 244
XC3090/3190 7,500 144 928 0 320
XC3195 9,000 176 1,320 ‘ 0 484
XC4002A 2,000 64 256 2,048 64
XC4003/4003A 3,000 80 360 3,200 100
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MM 2.1 (A8) A au1iAves FPGAs ATERadN

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
XC4006 6,000 128 768 8,192 256
XC4008 8,000 144 936 10,368 324
XC4010 10,000 160 1,120 12,800 400
XC4013 13,000 192 1,536 18,432 576
XC4025 25,000 256 25,560 32,768 1,024

NAIINR2 ¥31804 10 NAND2 #381nn NOR2

= v &
TN 2.2 msnﬂizmmuummmmnwugm

Gate Equipvalent gate count Gate Equipvalent gate count
INV 1 RS Latch 3
NAIINR2 1 D latch 4
NAIINR3 2 D latch with CLR 5
NAIINR4 2 D latch with PRE 5
NAIINR6 5 D latch with PRE/CLR 6
NAIINRS 6 DF/F 6
NAIINR9 7 D F/F with CLR 7
NAIINR12 8 D F/F with PRE 7
NAIINR16 11 D F/F with PRE/CL 8
BUFF 2 JK F/F with CLR 9
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1 y
M990 2.2 (#B) MINUsznaniuinnveunniugu

ANIIOR2 2 JK F/F with PRE 12
ANIIOR3 2 JK F/F PRE/CL 13
ANIIOR4 3 T F/F with CLR 8
XOR2 3 T F/F with PRE 8
XNOR2 3 T F/F PRE/CL 9

FPGAs §lassasunvlulndifesduaniilaonssuveunnensd (GAL, Gate
Array Logic)¥1n mmiﬂTﬂsuniuua:anﬂauﬁngtsfu (Configuration) Mo luaiadn
us (Static RAM) I8 Taoldnszua'lvtih davhns Tusunsu 18 Tasiedoyagmudumnnn
MUUONIFY Parallel BBROM 30 Serial PROM #1911l EPLD,PAL fiil EPROM ogjlusa
mulu FPGAs vzdaiseuiuasinaddensouniouendudunyaionimacsa FPGAs i
usniindnTavusinladedaowes XC2064 (2000 Family) Usznoudiuiraissediuiiy
AN (Matrix) (181190 64 150 MEWINTUAER FPGAS AT¥QA 3000 1Az 4000 Fa3
Taseadndudouiummsadiss nouinn lAniuiasatu udazwadoni CBL

(Configurable Logic Block)

241 duiifuesdi)sznouvesasdn (Configurable Logic Block)

CLB wxdaiSoatunuumaindiuuususduinn MAN mssenuumiuamnsorild
Taums§amsan CLB uazdeidoruves CLB Wdedaiu saunsesa cLB Tidey
aedaiuldTasmsidasilonse I Tusunsufteiuayu FPGAs MldlavsaTinia Tau
FBvouuead v g A IdnnTusunsumand ifendi Idfidmuansnegunsel
(Configuration File) cﬁq%zuiquﬂiq§1aﬂ1ﬂ1umaq CLB amuamummzaysndumil
"Méfﬁmuﬂmsanqﬂﬂsaf'tfmznﬂu'lﬂﬁns:uﬁﬂ'aga (Bit Stream) Feannsold
Tdsunsumissnrmdinwluves FPGas 18 dmsuguil 2.38 uams CLB ves FPGAs

N320A 4000
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2.42 dandunatazieniynvsginsol FPGAs

58UUBNUDY FPGAs 921l52noud 8 I0Bs Uszuna 64 9 144 fa c‘ffq‘ﬁ"uagjﬁu
A32aved FPGAs 4 10Bs sxihidudoudessninmelusunouenvesrsesaninue
FPGAs AnMaizuey IOBs welidnuaz 2 fiamn awnsaTlsunsubiifiuduyanie

1o 1an 14 dm3uz1i 239 Ul I0Bs Y83 FPGAs ASEQA 4000

>
8/R
CONTROL
G4 LOGIC I:% . L -

G3— FUNCTION
G2 OF

G
e1_| Gl1-G4 P

EA; £

sD
_‘ =) Ql—-va
[ LoGIC

FUNCTION | [H' & 1 e

OF ¢>—l&' 1 RD
F'.G'AND H1

{ conror |

I_ CONTROL
] L Bin
:: LOGIC G
—! FUNCTION.. :
- N F

F2
—
F1-F4 !
F1 - E'—y

K
(CLOCK)

vy
i
gﬁ [=]
3 8
0
L

311 2.34 uwur CLB vo1giinsal FPGAs #szga XC4000
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BAEW PULL PULL
3_state TS TSIOE EXTEST I RATE BoWN up
7 3
TS capture E

tD————l TS update
INVERT |
OUTPUT )
vee
ouTPUT o a
DATA ’\
\ —
INPUT CLOCK OK )D— 3
- 7
RD ouT o—i PAN
SEL
O-capture «—
Binary Q. -—
Scan O-updute +— —— ZS
p
|
<}
I-capture - ’\ﬁ
lupdate @ / —D—J——l INPUT DATA 1/1
)
=
7 o aL
INVERT
INPUT DATA 172
cinput 2 FLIP-FLOPALACTH
o |¥| SR L4 INPUT

GLOBAL &/R

517 2.35 un U 10Bs ¥9391In5al FPGAs @szna XC4000

2.5 Nwazideamslynuvesgilnial FPGAs

FPGAs annsorimldnaednuas Taosmualdfividyana Mo M1 M2 &
analumsed 2.3 JanYuZINAIADWITUTA (Master Parallel Mode) 31 T1/5unsunou
Anftaz 1 1097 Byte) srnmsioanusimeveniiduuuvu TasaunsosuTisunsy
AoUTN (Config) INUBAIATE (Addess) mmSogunoufild msdednuazmelivesa
(Peripherai) 9:30Tdsunsuneufndias 1 luvinnlulns TWsivaes Tavansaldaeu
Muldimdounse hifiezsudoyadel midednunsmaniSea (Slave Serial) 923y
Tilsunsuneudiniiaz 1 in @i vin'luTIas Tswawesmudy uduna CCLK dau
MIADANYULINAABTHSUa (Master Serial) x50 T1sunsuneudniias 1 dnsinnae

anusimeusniiiiuuuueynsy
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M3197 2.3 Tnuadn 9 vesmsaouiingisdu

Mode M2 M1 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 --- -

) i
ananudeamsad i lFnsaua ihdanndnuusmsae lfusi s uuudaidl
a vl & LS A S A o et v
Woe 2 uuuv e sguf euuUIAIADS B15 sauazuuuaand s sad MUY
A ) [ ]
Nawmesmsisa deeld EPROM 27CXXX #9Auns=uamnnil PROM XCI7XXX
\ A o o o
muzlumsnagoudunvun suilioavesd uuuui 19wl g adeaud 19 aviimsda
4 Y .
Tisunsuas PROM dnsiviiamsienlunvumswisariy EPROM ansa usunsuld

] 8
Inianany PROM WiTilsunsylAioensufion

msldu FPGas Tumsdednyaizaan@Svauasinames@Soa weiuawn

19797 FPGAs azihmsaudeyamitonnudiiiléluaeuiln (Configuration Memory)
o v o 1Y = t A

arnaevdnyuzmsneuinudnyaulalumni 23 Midluuveynsumovuiu

o :Il AQ' o o A 1

nasnniueziuims Tsunsureufindgyain DONE/PROGRAM 1ilu «0” deg

send nTdsunsuuazili od oy ansad ufl d auW dvesd oy aneui n F oy
! . 3 1

DONE/PROGAM 9zl «17 dammedalilsunsuimsaoufinaiodu qauii 236

Usenou
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All User /0 Pins 3-State with High Impedance Pull-up, HDC=High,DC=LOW

INT Output = low

intialization
Power-on
Time Delay

Power-Down
No HDC LDC
or Puli-up

Operation Mod

Active RESET
Qperation on
User Logic

Configuration
Programs
Mode

Low on DONE/Program and RESET

® 4 o ) A Q' L v
31 2.36 drav Taezunsulumsaewiniesuilouunassio lwid loBuazms Tusunsy

Tny

2.5.1 malvamludnvazaansee
] y [ t:{ o d‘ tﬂ' o 1 Y
msaelFauludnyasminzauiueesiesnunuyuieinus wdululas -
y 9
noufiumesaguds  alimsiz FPGAs laldanuaunsaveslnlasnoufianes lums
[ ] A 1 a
Munazdadeyanoufinld WowadeudouTsunsuiied Tusunsunsuilnliiiy
[ 1 o Y o i A o~ o A °
Fnvaznsds luanuaziifiudezil 237 FlulnsnsuRiuaesezadndagnanitom
msnsufinlinuginsel FPGas msflouTisunsuneuilnld FrGas il Tavde
drya1a Strobe 1911111 CCLK taznesa DO 1$huv DIN afndygnandentilouiin

ccLK wazdouTusunsuneunuuueynsudhiivn DIN dwumugiluzii 2.38
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+5V -
MICROCOMPUTER MO M1 pwrDOWN Sk
CCIK
STRB M2 _
DO DIN BOUT
D1 Operational
HDC L, Daisy-Chined
B2}l—— LCA Loch— . Lgff\fse;'::t‘
D3 _ — Configurations
/O PORT +5V D/P I Generl Purouse
(parallel port) D4 . User I/0 Pins
D5|—— ORTER
§ /O PINS l
D6 .
D7 () INT I
RESET R(!]E>SET Fe Y
"
3UN 237 nsas 19 ludnvazaan@iSoa
DIN Bit n Bit n+1
CCLK / \ /
DOUT Bit n-1 Bit n

¢

UM 238 unugiinamstloudeyalisunsuneuiinludnuaraiandGua
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2.5.2 MIlTNudnYa TN BFea

1 9/ o dy 1 ad 3 t

msae lFnuludnvasiidminuTsunsuneulinezdnoinmsdednyasisn
feld PROM o3 xc7ixxx WududuTusunsy hlthideadenandouTusunsy
4 4 a v o o v A, A
ehimsaouin ¥935msdallsunsuneuiinas PROM vhamduasudaiife wain
(MakeBits) @$191W8 BIT vinaeesfiesnuuy  waz1¥TUsinsn MakePROM #§19 Hex
Taudwmsdalisunsuas PROM #oginsaida PROM fnmdeuiudTdsunsy
voelofsd PROM XC17XXX vzasdyanaufiornsnouiinlifugunsel FPGAs f
waalugii 243 Do-D7 WhuansudeyailNumsasulnuuuvuiu Ac-a1s hien-

P 9o A 3 1 ° =] a
insah FPGAs 3131410 EPROM esmdayasinnilsanudnuny 13 luauafnusy
4 14

(StaticRAM) uaaasasia 16 du hisuiludesdeinsuild Jusgiunnamissnnus

[ s
EPROM T lfuazaunsadmualiiviunseasld

+5V

—e

HDC

MO M1 PWRDWN

/ TO DIN OF
SicH —>  OPTIONAL
™ ! . TOCCLKOF
> OPTIONAL
— 1 HDC
. TOCCLKOF
O LoC > OPTIONAL
G P . TO DIN OF
eneral Purpost —| " OPTIONAL
! ——d INIT
User /O Pins +5V(' 2
@®
® VCC CPP
4 Orter DIN DATA
® I/0 Pins CCLK [—&—— CLK
1 o [— () cg XC1736
Reset Reset
ceO—
O OE/RESET

(LOWRESETS THE XC1736 ADDRESS)

UM 2.39 msds ldaludnuusinames#Sua
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+5V
+5 Jr rL
MO M1 PWROWN
M2 Al4 >
A13 D7
A12 > o] N
—— HDC A11 DS
A10 D4
—O LDC A9 D3
A8 A0-A15 D2
—C INT 2; > 3:, —
A5
A4
A3
A2 +5V
At
z 0 0
® bE 9 §5K§5K
® Orter
® | 170 Pins
o
DO-D7 INT O—— ro
NC
Reset
Rd program NG l Open Collector
L

3N 2.40 msdelFam ludnuazinmaesmsuisa

2.6 Gend3sz Talumisligilnsel FPGAs

daidhigyhequnsel FPGas Tademadernn mntiani Tanaudemaaganso

t4

L4 L4 i o o A
van3 Tasivaudein leFifunamnuesh i ledidonld szoznarlumstansnin

M iR 5-10 Fundt aasldening (Socket) ToF umsUsznoUeTAUHNIS

o o

HWUN
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L 14
maflosiulednnuseiu i linssdeadudinadudravesi i ledideld
14 ]
wennniuLsiuvemanie IMdeseglugrei Issusmuamdmsy FPGas fuss-
] [ L
dunldaueglugai vee = 475525 v nazusaduiing Ideg g -0.5-7 v datudeu

Hlounsatunisasrnsaliinileneu

d .
2.7 ﬂqﬂﬁ'luiﬂﬂﬂimmmas (Microprocessor)
TulasTusivawes Ao gUnsalfisusmilsangvesneuiunessu'ldus
M1IWAIUAY (Control Unit) NUWANMUSIWNEIY MIWAUIUALU) 2995A7UAY I /O
H :: dy t - [Y < ° y o ¥
vndan Hanuaiisw i ludusenferdy Sewsoimhiilsznadeyauazaiy
1 A ° [ t @ =
gundasdue I ludaeduld wu iudalsznanananluneuiiames Sun

o 4 .’: 1 =Y 4 i | U (% dy
Ao ame iU TuTnasaeufinnes (Microcomputer) Hafizs1amunpnas

Wb Ty Wit ! .
L 1 ﬁ’m‘_mmvwgw
B uP i

i
AN

Ui 2.41 urudsszuy luTasnoufianes

2.7.1 Insardumelululnslsiraves
TnssadrvedlulnsTsimresvuin 8 da Taovalluilequuesil

anilagnssumelunldnde q du dwaadlugiii 2.42
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sefuiinfeynnicuen 8 dn

tdoynniolu —r
1L 1L r 1l JL
l | . . ACC IR
E B
G G
I 1 c
SP PC s |ee) = ¢
E E N
R R T ID
0 n R
o
H____/ L
FitmoiVoynvuins in

sodulndoniimouen 16 in

311 2.42 amilawnssumeluvesluTas Iilsiwaies 8 fin

dautsznoumuluiidwaves luTns Tswameslsznoudas 2esadamant
tazaodn (Arithemetic Logic Unit n5o ALU) Soaaes) fh’c’% N (Instruction Register N30 IR)
NIT0OATHAMS (Instruction Decoder 130 ID) 1U28AIAN  (Control Unit) Haz3aa-
INDTAUMUN (Address Register) fhszznanﬁmﬁmumﬂ‘lmmhﬁﬂxﬁmiaﬁuﬁ’wﬂ'ﬂmﬂ
Tu (Internal Bus) uazﬁamﬂ“luﬁyviaﬁuﬁﬂmauanhan’mﬁﬂnﬂa%’ eifumsiadosy

a a2 4 9 4 W 7 a 14
NITNYUDNDANYUY BINUINUDINUITNY 9 E)ﬁlnﬂllﬁ’ﬂ\m

NUWAIVAN (Control Unit)

& < o

wiwawgy HumiieildadndyaparitenuqumsihaunoluvesliTns-

LT T

o

o Y o 1 -1 at [y & o =] [} d” o e
Tsiwawes WhawednlisudouuazduiusiuTasiimisenruguiiesSudaygam
o o 0.1 A o o l'l o o t’l o G’I’ o
nneseeasHamdeezasasiadidainidsamesdde daiunisiaunelu
4 . 3
Tulns Tsirawessatiuegiumdanitowdundsu luTns Tusiwamros

i IEAdAMITAIUARZEDDN (Aritric Logic Unit)

]
=) [

[ 4
niwadamansiazanin vseSunds q 91 ALU wiediiinifins svimendia.
o = 1 dy FYIPY o a o & ﬂ a & o T a
maasiiazasIn nuw ALU # sldsvmmesiaudmiuiuduwn #auSendr uenda-
4 a o | :a, a o dyu b4
yawmes ueamyamesaxiiuldie Suynuazierdinarss ALU weniniideannsold

A
Tumsiaeu ( shift ) taznyu (Rotate) Foyalddndan
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madeudeyaffensindoudrodoyaln 1 Tud Tmedrondoneen 1
dumimonnnd dadretumsdouazmsmyudeyanaadlddg il 2.43 Falugy
unsideudeya’linedie 1 da nmﬁam’fegafj’mﬂtﬁﬂmimuﬂaﬂﬁmﬂ (Carry Flag)
w?a"lﬁﬁ"lﬁﬁuegﬁuﬁﬁﬁqswamﬁﬂﬂ mmmsnﬁauuasnﬁnqm’fagaﬁ’%:"lﬁ'na'n“lu
swaziBualumisde 2vsidendoya (Shifer) e iU nignmues ALU defiuans
ezl 2.43

gl 242 ufenmediudhoves ALU Ao uranviesmmesuaasanius
(Status Register 50 Condition Code Register) wlaniilfifuden lviimueng q fiAady
awlululnsTsiared  doyalulanausansieasyidTaosideunadiids dda
Uszaniifimsasegevadomziiudan 18 ums@ouTlsunsufifims sy (Jump

o 1 A & o 4 '
n30 Call) ludaduduvesTusunsy deswazBonvesiidasunnii a21dnanaelu

d_ .
1309gAfAN

Aoudy

YN Ny DFADNY DYDY D

C uandng

woudhe

LY DY NN DNFADY DA D

udandng

: 4
UM 2.43 msdeuLazMnyudoya

‘%ﬁamas‘ (Register)

vnanilaonssuveslulns Tsaeddguii 242 310195 maes fided
moluluTasTusiwaveseen1Aifu 2 nqu Aesdamediie 19a1urialyl (General purpose
register) 118 33AMOTAMTUMIFNAUNUI (Address register) F3vaania 2 o619 151

)
auseesuismsinnauldaadl
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HRawmesl¥numly
L d ]
TuluTasTusisanrosoun 8 Gasdamesiiscliving 8 dn mhfivesisanes
v oA ° 1 o v g 4
maril hildgnimuammesnizesaly uaTaeiall sxl¥dmsufudeyaive ¥ ALy
° [ \ J :: A 1 = ] o 1 o § ]
nssifudeyadng  maniudwanuiige tesnnhidesdaderumisanuiifiey
4” 4 v oo o _sia 4 o t o
meuen wennnd lulas Tilsiawesund Sinmsmiiimaes 2 dundesuduld
[] 1 4
Funi1 g3%aines (Register pair ) Tnofigidamesivsnareiisamosvuia 16 In nie

14

.
4

9 d o dyo 19 v ° dlll =] 4!’ taw o
Midudddumisdoyalumizsnidf 18 Fwiuegiuids

=31.

A, d o (7] ° ]
SMABTEINS UM IO NAMNUS

¥

o aa a3 v d o ' ' o Ay s &
ﬂu‘lﬂ‘llﬂ\ji%fﬂﬂﬂiu1‘lfﬁ']ﬁiUlﬂUﬂ'ul‘"u\“lﬂ\iﬂu']flﬂ')‘]u‘iﬂﬂﬂﬂQﬂ'lsé"]\’ﬂQ I

pmfumsdndelaeiids nfemséntelasssuudnm vnavesisamesioniiy 8
iin w30 16 Ua A'ld ?ruatjﬁwﬁﬂmaq'luiﬂﬂﬂsmmmasﬂfu q 1enfieniEonisanes
Ma1Ti91 Data Counter W30 Pointer WlulasTdswamesing I mseiissames
dmiumsdudumissdides 2 @1 An Tdsunsunimes (BC) s uananeoney
(SP) A5 TaIAesiI0N o 1wy Swilindsames () owezivie iR Seamesiieze
PuiadumisdanansiBlug eniyavesisamefmailozdo 1 3fusasumis Tay
idudondoya (Muliplexer) tﬁaﬁmmﬁnﬁanin:ﬁ11Tagammn’%'$ﬁme§1mﬁa"lﬂ

fmuamUrE NS

Tiordoyn 8 1ia
ACCU
MUX l
T
INDEX ! REGISTER
! ey r'd
T F9mnes
! ’
STACK | POINTER Arumnia
1 16 -
PROGRAM ! COUNTER ua
MUX
Tedumue 16 1a

310 2.44 Samesdumiavina 16 fanldaddoyavuiadumis
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1 a d o [ o [
2.7.2 wihniamizvesidmme sdmiumsradumianin q
Tsunsanines (Program Counter ¥i38 PC) Tlsunsuanimesezdeatioflu

yalusirmyes doyaluTusunsuniinesAedwmicvesdidene lUf Tusivaire oy

)}

L4

Fossniofud nalnmsUfiRamstadida naziduduveImmhaumuddsd
1 BezdmualasdeyaiiogluTusunsunmines o nalasaglae msURia
TsunsweaifivhliwuSoaddy  uasilefiezfsideely Tilswamessuiiudeaia
fdannInMiIsANe) @qns:mumsﬁq’faga‘lﬂﬂsunmﬂ1ﬁma§ﬂzﬁqmﬁmuﬁﬂ

dumia wazavde ldimdrsanudr mizeanudwzewdeyaszermandumisiign

1Y

SudwazdideyafionIdlvuuiadoyn Tusirmaesezsmtoyauuatoymin e
FoyaniomiiensIdaedda Operation Code 1404

aunAWeEINe3 ( Stack Pointer nie SP) TuTnsTilswawesfifinnuannsag
Taovivlasdosdionan SeauaaerniiisanesioguTusimasesioamseldmia
anuimeuendaunils iedmualdifuauan Tumsdusnundumisdumiagega
vosauanfioglumizonnuir 9:1955amesiiSon aunaneoiiines (sp) auanuay
aupnwsoiiaesiihudsiténiu  uazvali1@lumsiTusunsudos Subroutine) tas
mam Tsunsuifeafumssumessne

o

BuIKin3Idmne7 (Index Register 30 IX) BuIAnsSaans (TSSmmnsdmsy
msdedumisdndomids Al Tas Tswmesunriarini tasldfuddeii
mahfedoyauuuSdng (Index Addressing mode) FIBUIRAS Mooz INAsId
tamissanusullunguidTasazain  deyalusuidnismaosonadiuniszozvi
(Displacement ) c"ﬁwzﬁﬂﬂmﬂﬁnﬁmmﬁqgm (Base address) oldFdumisves
'nﬁavﬂ:nnﬁwﬁﬁ'mmsé’wﬁm%i’faga1u'Sutﬁn‘%’ﬁﬂmafemﬂummunﬁapu e
Tuanfumszesvreiidmumndudded1d weiudaudlyTasTdsiwamosdanty q

aUAR ( Strack) AUAA ABNGUVBIIIIADT ﬁ%‘ﬂdmﬂﬁwamﬁwmmi‘iTﬁgn
sanTon1’ Feauanansesauisauansendishi 2 ot e

1. 815U AUAR ( Hardware Stack ) auanuuuiiihdsanesfsmual3neine
TudvesTsrmvesioadaildon ludewwowmnudlumsinm  udidedeiosuiy

Vo35 niFiuaunnsia
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S3

2. YoWAITAUAR (Software stack) TuTnsTUsiwaaesnlfeiagly e1df
gordifauan  vnzsauvesauan lildgninadioinnuveiianesegnielu

d ] A ) o o Q" o ° ] Q'
uave l¥aumnilavsantiaeniusa ll'ﬁSﬂl‘l?'ﬂ'l?Nhlﬂ‘]iﬂ'muﬂﬁ'lll'ﬁuﬂﬁﬂﬁ"u'ﬂﬂﬂ’dlmﬂ

¥ []
dumdsuugavesauan sx3lnedoyaniiogluauaamesiaey Tulnsluswmaes 2-80

9 9

¥
l¥dnyuzvesauanuuydl
¥
dnvaz Inseadnvesauanivassziunuui sesd 1@ v chronological structure)

! Y

ﬁm’faagaﬁldm“lﬂ“lummﬂ%gausmzatjﬁ"gulﬁqmammﬂ wazdeyafildiduniings
srnariudnuy deliiFere daulumsiideyason doyatieguuga niedoyafildith
wiindsfigaezgniimeninnen AufugnvusTnssafdnyasizon 83 uiulnss
a$9UVY LIFO (Last-in First-out) apsiindelasadnvesmuugniiy %aﬁaﬂ?aag'ﬁ'm
an grilugnusnitlddhlissagandiqa nazgaiuiildidrlufindadesdonegthany

J T ar y { T !
Fouq) v lahanya Tnssaanunil gailunoguugassgnldiouaue

[5]4]3]2]1}+ —1]2]3]4]5]

e —_—

»
FUDUTAVOITUAR

— ml3a

Ui 2.45 Tnseadnvesaunn

aunalyszTovd lumsiiTsunsy 3 dsuiande Tusunsudes(Subroutine)

Tlsunsuusmsmsdadanas (Interrupt roution)azns191d uiifl udeyad-

f1513(Temporary data register) ¥99M 311 TU51ATUANA
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Ardalagna lldmivlulns Tuswawes i 1ddmsumnideyamaiuduas
ponnINaunA Iagase Ting 2 A1de ABPUSH uazPOP (MIOPULL ) Md PUSH fiwar v

lddoyaasl/luauan daudida poP imsdsdeyasonnnauan  uasdumiay

Jela « &

grussauanvziamfidunnnenimesisamesiaue dilaoialyl dumiswugave

4 ¥

=2 0 v ] T ] o o d PR
alan HUYMm mlmummﬂmm%mumuaﬂnqmmwmummmmﬂuaum g‘lj‘l’l
2.46 uaamdimahanvesaunauazauaweriome; dluvazFuusndayalu auna-

I'd ld'dya t A 2o o w A o 9
WONULIADINFAWNYUY 1002 lnﬂiﬂilmﬁlmﬂiﬂ']ﬂ']ﬁq PUSH AF lWﬂ'ﬂ‘]ﬂ'ﬁ“'ﬂlﬂl"‘lﬂiu

3 y
o o -1

a d v °
uenfiayames uaz uran i1y 13 luaunn ndwiniids pusH AF fluda doya

A s 4

v E )
Tuaunnnadmnesszldoultidly 1000 Tassaludd Wufe auasnedmaeiord
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-- Latch VHDL Test By Kitipong --

library ieee;

use ieee.std_logic_1164.all;
library synth;

use synth.vhdlsynth.all;

31 3.6 n1519m w1 VHDL sFnemsinuvesmiasnssinfeaduliaeus)
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entity b_s is
port( signal clk : in std_logic;
in std_logic_vector ( 1 downto 0);

signal CH

signal D in std_logic_vector ( 7 downto 0);

signal Q out std_logic_vector( 7 downto 0);

in_outl inout std_logic_vector(7 downto 0)bus);
end b_s;

architecturea b_sof b_sis

begin
G:process(clk)
begin
if( clk ='1" and clk'event ) then
case CH is
when "01" => in_outt <= std_logic_vector(D);
when "10" => Q <=std_logic_vector(in_outl);
when others => in_outl <="ZZZ777777";
end case;
end if;

end process G;

enda b_s;

31 3.6 (#1v) 15 1¥M w1 VHDL sFinsmsvhauvesmitonsevinneanulia (BUS)
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-- Latch VHDL Test By Kitipong --

-- Spacial Register
--27NOV 97

library ieee;

use ieee.std_logic_1164.all;
library synth;

use synth.vhdlsynth.all;

entity s_gr is
port( clk :in std_logic;

CH in std_logic_vector ( 4 downto 0);

D 2 in std_logic_vector ( 7 downto 0);

Q : out std_logic_vector( 7 downto 0);

addrr out std_logic_vector( 15 downto 0));
end s_gr;

architecture a_s_grofs_gris

begin

S:process(clk)

variable clr,S_PCL,S_PCH,S_SPL : std_logic_vector(7 downto 0):= "00000000";
variable S_SPH,S_IXL,S_IXH : std_logic_vector(7 downto 0):= "00000000";
variable PC1,clrl: std_logic_vector( 15 downto 0) :="0000000000000000";
variable PCS,S_C : std_logic_vector( 15 downto 0) :="0000000000000000";

511 3.7 ms 1A VEDL eFunemsyhauvesmiaoindeyatiey (S_pacial Reg)
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el

begin
if( clk'event and clk ='1" )then
Q<="2727772777";

case CH is
when "00001" => S _PCH :=clr; S_PCL :=clr;
S_SPH :=clr; S_SPL :=clIr;
addrr <=clirl;

when "00010"=>S_PCL :=D;
when "00011" =>S PCH :=D;
when "00100" =>S_SPL :=D;
when "00101" =>S_SPH :=D;
when "00110" => S _IXL :=D;
when "00111" => S _IXH :=D;
when "01000" => S PCL :=S_C(7 downto 0);
S_PCH :=S_C(15 downto 8);
when "01001" =>S_SPL :=S_C(7 downto 0);
S_SPH :=S_C(15 downto 8);
when "01010" => S _IXL :=S_C(7 downto 0);
S_IXH :=S_C(15 downto 8);
when "01011" =>S_C(7 downto 0) :=S_PCL;
S_C(15 downto 8) :=S_PCH;
when "01100" => S_C(7 downto 0) :=S_SPL;
S_C(15 downto 8) :=S_SPH,;
when "01101" => S_C(7 downto 0) := S_IXL;
S_C(15 downto 8) :=S_IXH;

when "01110" =>S_C(15 downto 8) :=S_PCH;

7111 3.7 (We) ms14n1w1 VHDL eFuemsihauasaminnindeya (S_pacial_Reg)
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S_C(7 downto 0) :=S_PCL;
if(S_C="1111111111111111") then

S_C:=clrl;
else

S C=(S_C+1)
end if;
S_PCH :=S_C(15 downto 8);
S_PCL :=S_C(7 downto 0);

when "01111" =>S_C(15 downto 8) :=S_SPH;

S_C(7 downto 0) :=S_SPL;

if( S_C="1111111111111111" ) then

S_C:=clrl;
else
S C:=(S_C+1),
end if;
S_SPH :=S_C(15 downto 8); r

S_SPL :=S_C(7 downto 0);
when "10000" => S_C(15 downto 8) :=S_IXH;
S_C(7 downto 0) :=S IXL;
if (S_C="1111111111111111") then
S_C:=clrl;
else
S C:=(S_C+1)
end if;
S_IXH :=S_C(15 downto 8);

S_IXL :=S_C(7 downto 0);

31 3.7 (sle) ms1¥n1m1 VHDL efvemisinuvesmizoindoya (S_pacial Reg)
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when "10010" => PCS( 7 downto 0) :=D;
S C:=(S_C-PCS),
when "10011"=>S SPH:=S _PCH;
S_SPL :=S_PCL;
when "10100"=>S PCH:=S_SPH;
S_PCL :=S_SPL;
when "10101" =>S_SPH :=S_IXH;
S_SPL =S _IXL;
when "10110" =>S IXH :=S_SPH;
S_IXL :=S_SPL;
when "10111" => PC1(15 downto 8) ;= S_PCH;
PC1(7 downto 0) :=S_PCL;
when "11000" =>S_PCH := PCI1(15 downto 8);
S_PCL :=PC1(7 downto 0);
when "11001"=>S PCH :=S_IXH;
S_PCL :=S_IXL;
when "11010" => Q <=S_C(15 downto 8);
when "11011" => Q <=S_C(7 downto 0);
when "11100" => addrr(15 downto 8) <= S_PCH;
addrr(7 downto 0) <= S_PCL;
when "11101" => addrr(15 downto 8) <= S_SPH;
addrr(7 downto 0) <= S_SPL;
when "11110"=>S PCH :=clr;
S_PCL :="00001111";
addrr(15 downto 8) <= S_PCH;
addrr(7 downto 0) <= S_PCL;

517 3.7 (Wlo) M3 19111 VEDL e3emsvhauvesniioindeya (S_pacial_Reg)
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when "11111"=>S_C:=(S_C-1);
when others => NULL;
end case;
end if;
end process S;

end a_s_gr;

5111 3.7 (i) M3 19011 VHDL eBmmsiinveaniteindonya (S_pacial Reg)

-- Latch VHDL Test By Kitipong --

-- Control Bus Unit
--27NOV 97

library ieee;

use ieee.std_logic_1164.all;
library synth;

use synth.vhdlsynth.all;

entity ¢_bus is

port( signal clk :in std_logic;
signal CH : in std_logic_vector ( 2 downto 0);
signal alu_gr i, sgr_i, ctrl_i, data_i : in std_logic_vector ( 7 downto 0);
signal alu_gr o, sgr_o,ctrl_o, data_o : out std_logic_vector( 7 downto 0));

end c_bus;

171 3.8 M5 19111 VHDL 8511msyinaueeanizeniuauia (Control_Bus)
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architecture ac_bus of ¢_bus is

begin

B:process(clk)
begin
if( clk'event and clk ="'1' )then
alu_gr 0 <="ZZZZZ777",
sgr_ o0 <="ZZ7277777",
ctrl 0<="Z7Z77777Z7";
data_ o <="ZZZZ7777",

case CH is
when "001" => alu_gr o <=data_i;
when "010" => sgr o <=data_i;
when "011" =>ctrl 0 <=data i;
when "100" => data_o <=alu_gr_i;
when "101" => data o <=sgr_i;
when "110" =>sgr o <=ctrl_i;
when "111" =>ctrl o <=alu gr i;
when others => NULL;

end case;

end if;
end process B;

end ac_bus;

511 3.8 (sio) N15 190111 VEDL eFuiemsvirniuveaniaeniuguiid (Control_Bus)
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-- Latch VHDL Test By Kitipong --

-- This program have complete block

-- control 27 NOV 97

library ieee;

use ieee.std_logic _1164.all;

--library synth;
--use synth.vhdlsynth.all;

entity control is

port ( clk, reset, nmi  : in std_logic;
data I 3 in std_logic_vector(7 downto 0);
M1, MERQ, IORQ, RD, WR out std_logic;
ctrl_alu gr : out std_logic_vector(4 downto 0);
reset_alu gr out std_logic;
ctrl s gr : out std_logic_vector(4 downto 0);
ctrl ¢ bus : out std_logic_vector(2 downto 0);
ctrl_bus : out std_logic_vector(1 downto 0);
data o : out std_logic_vector( 7 downto 0));

end control;
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architecture a_control of control is

begin

process(clk)

variable data_s, data_sI, suml : std_logic_vector(7 downto 0);
variable count : std_logic_vector(4 downto 0) := "00001";
variable ¢_nmi : std_logic_vector(l downto 0) :="01";
variable c_load : std_logic_vector(2 downto 0) := "000";
variable ¢_ix_in_out : std_logic_vector( 1 downto 0) :="00";
variable DS2 ' std_logic_vector(7 downto 0) :="00000001";
variable ¢ : std_logic_vector(8 downto 0);
variable ¢_jump : std_logic :='0";

begin
if(clk ="1"and clk'event )then
if(reset ='0") then
-- input signal RESET

M1 <='1% MERQ <='1";
IORQ<='l"; RD<='1}

WR <="1"; ctrl_alu_gr <="00001";
reset_alu_gr <='0"; ctrl_s_gr <="00001";

elsif( nmi ='0' and reset ='1"then -- input signal NMI
if( c_nmi = "01" Ythen
M1 <='1"; MERQ <='1";
IORQ <= Ill; RD <= 017;
WR <='1"; ctrl_s gr<="01011";

¢ nmi :="10";
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elsif( c_nmi ="10" )then
ctrl_s_gr<="11010";

c_nmi :="11";

else
ctrl_s gr<="11011";
c_nmi:="01";

end if;

elsif( reset="'1' and nmi='1") then

if(count = "00001" )Ythen
ctrl_alu_gr <="00000"; ctrl_bus <="00";
ctrl_c_bus <="000"; ctrl s gr<="11100";
reset_alu_gr <='1"; M1 <=0,
MERQ <='0"; IORQ <='1';
RD <="0"; WR <='1";

count :="00010";

elsif(count = "00010" )then
ctrl_bus <="10"; ctrl ¢ bus <="011";

data_s :=data_i; count :="00011",

elsif(count = "00011") then
ctrl_bus <="00"; ctrl_c_bus <="000";
M1 <='l"; MERQ <='l'; RD<='l";

ctrl_s_gr<="01110"; -- increasement PC
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if( data_s(7 downto 6) ="10")then

case data_s(2 downto 0) is

-- instruction ALU A,A
when "111" => ctrl_alu_gr <="01111";
-- instruction ALU A,H
when "100" => ctrl_alu_gr <="10000";
-- instruction ALU A,L
when "101" =>ctrl_alu_gr <="10001";
when others => NULL;
end case;
elsif( data_s(7 downto 6) ="00"
and data_s(2 downto 1) ="10" )then
case data_s(5 downto 3) is
-- instruction INC & DEC A
when "111" => ctrl _alu_gr <="10011";
-- instruction INC & DEC H
when "100" => ctrl_alu_gr <="10100";
-- instruction INC & DEC L

when "101" => ctrl_alu_gr <="10101";

when others => NULL;

end case;

end if;

count := "00100";
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elsif(count = "00100") then
ctrl_s_gr <="00000";

count :="00001";

if( data s="01111100" }then -- load A with H

ctrl_alu_gr <="00101";

elsif( data_s ="01111101" )then -- load A with L

ctrl_alu_gr <="00110";

elsif( data_s ="01100111" )then -- load H with A

ctrl_alu_gr <="00111";

elsif( data s ="01100101" )then -- load H with L

ctrl_alu_gr <="01000";

elsif( data_s ="01101111" )then -- load L with A

ctrl_alu_gr <="01001";

elsif( data_s ="01101100" )then -- load L with H

ctrl_alu_gr <="01010";
elsif( data_s="00111110" )then
-- load A with DATA

c¢_load :="001"; count :="00101";

elsif( data s ="00100110" )then
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-- load H with DATA

-- load L with DATA

-~ instruction LD IX,mn 1

-- instruction LD IX,mn 2

-- instruction LD A,(mn)

-- instruction INC & DEC

-- instruction INC IX
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c_load :="010"; count :="00101";

elsif( data_s ="00101110" )then

c_load :="011"; count :="00101";

elsif( data_s ="11011101" )then

¢_load :="100"; c_ix_in_out :="01";

elsif( data_s ="00100001" )then
if( ¢_load ="100" )then
c¢_load :="101"; count :="01000";
c_ix_in_out :="00";

end if}

elsif( data_s ="00111010" )then

c_load :="111"; count :="01000";

ctrl_s gr<="10111";

elsif( data_s ="00100011") then
if( ¢_ix_in_out ="01" )then
c_ix_in_out :="10";
ctrl_s_gr <="10000";
c_load :="000";
count :="01111";

end if;
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-- instruction DEC IX

-- instruction IN A,(n)

-- instruction OUT (n),A

"00101";

-- instruction JR C,e

-- instruction JRNC,e

-- instruction JR Z,e

-- instruction JR NZ.e
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elsif( data_s ="00101011" ) then

if( c_ix_in_out ="01" )then

c_ix_in_out:="11";

ctrl_s_gr <="01101";

c_load :="000";
count :="01111";

end if;

elsif( data_ s ="11011011") then

c_ix_in_out:="10";  count :="00101";

elsif( data s="11010011" ) then

c_ix_in_out:="11"; count :=
elsif( data_s ="00111000" )then

c_load :="100"; count :="00101";
elsif( data_s ="00110000" )then

¢_load :="101"; count :="00101";

elsif( data_s ="00101000" )then
c_load :="110";

"00101";

elsif( data_s ="00100000" )then

c_load :="111";

count :

count :="00101";
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end if;
if( data_s(7 downto 6) ="10")then

e
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-- instruction ADD A,R

-~ instruction SUB A,R

-- instruction AND AR

-- instruction OR A,R

-- instruction XOR A,R

if( data_s(5 downto 3) ="000") then

ctrl_alu_gr <="11001";

elsif( data_s(S downto 3) ="010") then

ctrl_alu_gr <="11010";

elsif{ data_s(5 downto 3) ="100") then

ctrl_alu_gr<="11101";

elsif( data_s(5 downto 3) ="110") then

ctrl_alu_gr <="11110";

elsif( data_s(5 downto 3) ="101") then

ctrl_alu_gr <="11111",;

end if;

elsif( data_s(7 downto 6) ="00" )then

if( data_s(2 downto 0) ="100") then
ctrl_alu gr<="11011";

count :="01110";

elsif( data_s(2 downto 0) ="101") then
ctrl_alu_gr <="11100";

count :="01110";
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-- load A with DATA

-- load H with DATA

-- load L with DATA

To Control

123

end if;
end if;

elsif( count ="00101" )then
ctrl_s_gr <="11100"; -- PC put down on ADDR
RD <='0"; MERQ <='0';

ctrl_bus <="10"; -- In data

if( ¢_load >"000" and c_load <"100")then

ctrl_c_bus <="001";  --DatalInto

case c_load is

when "001" => ctrl alu_gr <="00001";

when "010" => ctr]_alu_gr <="00011";

when "011" => ctr]l_alu_gr <="00100";

when others => NULL;

end case;

else

ctrl ¢ bus<="011";  -- Data In to Control

data_s :=data_i; -- Accept Data

end if}

count :="00110";

-
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elsif( count ="00110" )then
ctrl_bus <="00"; ctrl_c_bus <="000";
RD <='1"; MERQ <='1";
count :="00001"; -- Goto Timing Fecth

ctrl_s_gr <="01110"; -- increase PC

case ¢_load is

when "001" =>ctrl_alu_gr <="00000";

c_load :="000",
-- load A with DATA
when "010" => ctrl_alu_gr <="00000";
c_load :="000";
-- load H with DATA
when "011" => ctrl_alu_gr <="00000";
c_load :="000";
-- load L with DATA
when "100" => count :="00111";
-- Back Hold
when "101" => count :="00111";
-- Back Hold
when "110" => count :="00111";
-- Back Hold
when "111" => count :="00111";
-- Back Hold

when others => NULL;

end case;
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-- instruction QUT (m), A
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if(c_ix_in_out>"01" Ythen -- Back Hold
count :="00111";

end if}

elsif( count ="00111") then
ctrl_s_gr<="10111"; -- Save Pc To Pc saved

if( c_ix_in_out="10")then -- instruction IN A,(m)

count := "10001";

elsif( ¢_ix in_out="11" )then

count :="10101";
end if;

data sl :=data_s;

if( c_load > "011") then
count :="11001";

end if}

elsif( count ="01000")then
ctrl_s_gr<="11100"; RD <='0';
MERQ <='0"; ctrl_bus <="10";

ctrl_c_bus <="010";  count :="01001";

elsif( count ="01001") then
ctrl_c_bus <="000";  ctrl_bus <="00";

RD<=17  MERQ<=1}
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-—instruction LD IX,mn 2

-- instruction LD A,(mn) 1
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if( ¢_load ="101")then  -- instruction LD IX,mn 1

ctrl_s gr<="00110";

elsif( c_load ="100") then -- instruction LD IX,mn

ctrl_s_gr<="00111",

elsif( c_load ="111" )then -- instruction LD A,(mn)

ctrl_s gr<="00010";

elsif( ¢_load ="110" )then -- instruction LD A,(mn)

ctrl s gr<="00011";

end if;
count :="01010";

elsif( count ="01010") then
ctrl_c_bus <="000";

ctrl_s_gr <="01110"; -- instruction LD IX,mn 1

if( c¢_load ="101")then
count :="01000"; ¢_load :="100";

elsif( ¢_load ="100") then
count :="00001"; c_load :="000";

elsif( c_load ="111") then
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count := "01000"; c_load :="110";

-- instruction LD A ,(mn) 2
elsif( ¢_load ="110") then

count :="01011"; ¢c_load :="001";
end if;

-- instruction data transfer A
elsif( count ="01011") then
ctrl_s_gr<="11100"; RD <=0,
MERQ <='0";  ctrl_bus <="10";

ctrl ¢ bus<="001";  count :="01100";

elsif( count ="01100") then
ctrl_s gr <="00000"; RD <='1;
MERQ <='I"; ctrl_bus <="00";
ctrl_¢_bus <="000";

count :="01101";

elsif( count ="01101") then

ctrl_c_bus <="000";

if( ¢_load ="001") then
ctrl_alu_gr <="00001";
c_load :="000";

end if;

ctrl_s gr <="11000";

count :="00001";

elsif( count ="01110") then
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if( data_s(7 downto 6) ="00"

and data_s(2 downto 1) ="10" )then

case data_s(5 downto 3) is

-- instruction INC & DEC A

when "111" => ctrl_alu_gr <="10110";
-- instruction INC & DEC H

when "100" => ctrl_alu_gr <="10111";
-- instruction INC & DEC L

when "101" => ctr]_alu_gr <="11000";

when others => NULL,;

end case;

end if;
count :="00001";

elsif( count ="01111") then

if(c_ix_in_out="10" )then
ctrl_s_gr <="00000";
elsif(c_ix_in_out="11" )then
ctrl_s_gr<="11111";
end if;
count :="10000";

elsif( count ="10000") then

if( c_ix_in_out="11") then
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ctrl_s_gr<="01010";
end if;

c_ix_in_out :="00"; count :="00001";

elsif( count ="10001") then

if( c_ix_in_out="10") then
data_o <="00000000";
ctrl_¢_bus<="110"; ctrl s gr <="00011";
end if;

count :="10010";

elsif( count ="10010") then
if( c_ix_in_out ="10" ) then
data_o <= data_s;
ctrl_c_bus <="110"; ctrl_s_gr <="00010";
end if;

count :="10011";

elsif( count ="10011") then

if( c_ix_in_out ="10") then
ctrl_s_gr <="11100";
end if}
IORQ <='0'; RD <='0,
ctrl_alu_gr <="00001";
ctrl_c_bus <="001";

ctrl_bus <="10";
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count :="10100";

elsif( count ="10100") then
RD <='1"; IORQ <="1";
ctrl_c_bus <="000"; ctrl_bus <="00";
ctrl_alu_gr <="00000";
ctrl_s_gr <="11000";

count :="00001";

-- Stop instruction IN A,(m)

-- Start instruction OUT (m),A

elsif( count ="10101") then
if(c_ix in_out="11")then
data_o <="00000000";
ctrl ¢ bus <="110"; ctrl s gr<="00011";

end if;

count :="10110";

elsif( count ="10110") then
if( ¢ ix_in out="11") then
data_o <=data_s;
ctrl_c_bus <="110"; ctrl_s_gr <="00010";
end if;
count :="10111";
elsif( count ="10111") then
if( c_ix_in_out="11") then
ctrl_s gr<="11100";
end if;

IORQ <='0"; WR <='0;
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ctrl_alu_gr <="01011";
ctrl_c_bus <="100";
ctrl_bus <="01";

count :="11000";

elsif( count ="11000") then
WR <='l"; IORQ <="'1";
ctrl_c_bus <="000";  ctrl_bus <="00";
ctrl_alu_gr <="00000";
ctrl_ s gr<="11000";
c_ix_in_out :="00";
count := "00001";
-- Stop instruction OUT (m),A

-- Start State Jump
elsif( count ="11001") then

ctrl_s_gr <="00000";
ctrl_alu gr <="01100"; ctrl ¢ bus <="111";

data_s:=data i; count :="11010";

elsif( count="11010") then
ctrl_alu_gr <="00000"; ctrl_c_bus <="000";

ctrl s gr <="01011";
c_jump :=data_si(7);

if( data_s1(7) ='1") then
data_s1 :=not( data_s1);

¢ :="000000000";

foriin 0 to 7 loop
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sum1(i) := (data_s1(i) xor DS2(i)) xor

c(it1l) :=(data_s1(i) and DS2(1)) or (c(i)

and data_s1(i)) or (DS2(i) and

c(i));

end loop;

data_s1 :=suml;
end if;

count :="11011";

elsif( count ="11011") then
data_o(6 downto 0) <=data s1(6 downto 0);
data_o(7) <='0";

ctrl ¢ bus <="110";

if( c_load ="100" )then
if( data_s(0) ='1")then --JRC,e
if( ¢_jump ='0")then
ctrl_s_gr <="10001";
else
ctrl_s_gr <="10010";
end if;

end if;

elsif( ¢_load ="101") then
if( data_s(0) ='0")then --JRNC,e
if( ¢_jump ='0") then
ctrl s gr<="10001";
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else
ctrl_s_gr<="10010";
end if;

end if;

elsif( ¢_load ="110") then
if( data_s(6) ='1") then -JRZ,e
if( ¢_jump ='0") then
ctrl_s_gr<="10001";
else
ctrl s gr<="10010";
end if;
end if;

elsif( ¢_load ="111") then
if( data_s(6) ='0") then = -- JRNZ,e
if( ¢_jump ='0') then
ctrl_s_gr<="10001";

else
ctrl s gr<="10010";
end if;
end if}
else
ctrl_s_gr <="00000";
end if;

count :="11100";

- End State Jump
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elsif( count ="11100") then
ctrl_c_bus <="000";
ctrl_s _gr <="01000";
c_load :="000";
count :="00001";

elsif( count ="11101") then
elsif( count ="11110") then
elsif( count ="11111") then
else

ctrl_alu_gr <="00000";

end if;

end if;

end if;

end process ;
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-- Latch VHDL Test By Kitipong --

-- Addition ALU unit & GROUP REGISTER unit

-- 27NOV 97

library ieee;

use ieee.std_logic 1164.all;

--library synth,;
--use synth.vhdlsynth.all;

entity alu_gr is

port( signal clk :in std_logic;
signal reset :in std_logic;
signal CH :instd logic_vector ( 4 downto 0);
signal D : in std_logic_vector ( 7 downto 0);

signal Q :out std_logic_vector( 7 downto 0));

end alu_gr;

architecture A_alu_gr of alu_gr is

_skoksiok ok ok sk ok sk ok ok ok sk ok ok ke ok o sk ok ok sk ok ok sk ok sk ok ok skok sk ok ok
function C_CH ( I: std_logic_vector )return std_logic is
variable da: std_logic :='0'";
variable rl : integer := 0;
begin

for v in 0 to 7 loop
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if( I(v) ='1' ) then
rl =rl+1;

if(rl =2) then

da:='1rl :=0;
else
da :='0";
end if}
end if;
end loop;
return da;

end C_CH;

o ek ke sl sk e sk sk e ok sk ok ok ok sk sk sk sk sk sk ke Sk sk ok ok ske ok ok ok 3 ok sk sk sk ke sk sk sk sk ke sk ok

begin

P8:process(clk)
variable clr,S_A1,S F1,S HI1,S L1:std logic_vector(7 downto 0):= "00000000";
variable ¢ :std_logic_vector(8 downto 0):= "000000000";
variable D1, D2, DC,DS1 : std_logic_vector(7 downto 0):="ZZZZZZ77",
variable DS2,DS22,DF1,suml: std logic vector(7 downto 0):="ZZZ77777";

begin
if( clk'event and clk ='1' )then
if( reset ='0"then
S_Al:=clr; S_Fl:=clr;
S Hl:=clr; S _Ll:=clr;
else
case CH is

when "00001" =>S Al :=D;
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when "00010" => S _F1:=D;
when "00011"=>S_HI :=D;
when "00100" =>S L1 :=D;
when "00101"=>S Al :=S HI;
when "00110"=>S_Al :=S LI;
when "00111"=>S HIl :=S_Al,
when "01000"=>S HI1 =S LI;
when "01001"=>S L1:=S Al;
when "01010" =>S L1 :=S HI;
when "01011"=>Q <=8 Al;
when "01100" =>Q <= S _F1;
when "01101" =>Q <=S Hl;
when "01110"=>Q <=S LI;
when "01111" =>D2 =S Al;
when "10000" =>D2 :=S Hl;
when "10001" =>D2 =S L1;
when "10010" => D2 :=D;

when "10011" =>DI1 =S _Al;
when "10100" => D1 :=S HI;
when "10101" =>D1:=S LI;
when "10110" =>S_Al =DI;
when "10111"=>S _HI1 =DlI;
when "11000" =>S L1 :=DlI;
when others => NULL;

end case;

if( CH> "11000" )then
DF1 :=8 FI;
if( CH/="11011" and CH/="11100" )then
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D1:=S_Al;

end if;
DS1:=D1; DS22:=D2;

case CH is
when "11010"=> DS2:= NOT(D2),

when "11011" => DS2 := cIr; DS2(0) :='1";
when "11100"=> DS2:="11111111";

when others => DS2 :=D2;

end case;

if CH="11001" or CH ="11010" or CH="11011"
or CH="11100") then
if(CH ="11010" )then
c(0):="1";
else
c(0) =="0";
end if;

foriin 0 to 7 loop
sum1(i) := (DS1(i) xor DS2(i)) xor c(i);
c(i+1) = (DS1(i) and DS2(i)) or (c(i) and
DS1(i)) or (DS2(i) and c(i));

end loop;

ifl CH="11001" or CH="11011" ) then

if( CH="11001")then
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DF1(0) :=c(8); -- flag C

if( DS1(7) ='1' and DS2(7)="1" ) then
DF1(2) :="1"; --flagV

else
DF1(2) :='0";
end if;
else
if( DS1 ="10000000") then
DF1(2):="1"; --flagV
else
DF1(2) :='0";
end if;
end if;

c(0):="'0"; DC :=clr;

foriin 0 to 3 loop

DC(i) == (DS1(1) xor DS2(i)) xor

c(i+1) = (DS1(i) and DS2(i)) or

and DS1(i)) or (DS2(i) and

c(D);

end loop;

DF1(4) :=c(4); --flag H
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DF1(1) ="'0"; --flagN

else

if( CH="11010")then
if( DS22 > DS1)then
DF1(0) :='1"; -- flag C
else
DF1(0) :='0";
end if;

if( DS1 > DS22 AND DS1(7)='1' AND
DS22(7)='0" AND sum1 > "10000000" )

DF1(2):='1; --flagV

else

DF1(2) :="'0"

end if;
if( DS1(3 downto 0) < DS22 (3 downto

DF1(4) ="1"; --flagH
else

DF1(4) ="'0";
end if;

else

if(DS1="01111111") then
DF1(2) ='1"; --flagV

else

DF1(2) :=='0";
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end if;

if( DS1( 3 downto 0) ="0000" ) then
DF1(4) ='1'; --flagH
else
DF1(4) :='0";
end if;

end if;

DFI(1) ="1", -- flag N
end if}
if( sum1 = clr ) then

DF1(6) :='1"; --flagZ

else
DF1(6) :='0";
end if;
DF1(7) := sum1(7); -- flag S

elsif(CH ="11101" or CH="11110" or CH="11111" )then

if{ CH="11101") then
S_A1:=(DS1 and DS22),

DF1(4) :="'1% - flag H

elsif( CH="11110") then
S_A1 :=(DS1 or DS22),

DF1(4) :="'0"; -- flag H

else

S_A1l :=(DS1 xor DS22);
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DF1(4) :="'0"; --flagH
end if;
DF1(0) :='0"; -- flag C
DF1(1) :='0"; -- flagN
DF1(7) =DI1(7); --flag S

if( S_Al =clr ) then
DF1(6) :='1"; --flagZ

else

DF1(6) :='0';

end if;

DF1(2) =C_CH(S_Al); -- flag P

end if;

if(CH="11011" or CH="11100" )then

D1 :=suml;

elsif( CH ="11001" or CH ="11010" )then

S_Al :=suml;
end if;
S_F1:=DFVL,
end if;,
end if;
end if;

end process P8;

end A_alu_gr;
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-- Latch VHDL Test By Kitipong --

-- Spacial Register

--27NOV 97

library ieee;

use ieee.std_logic_1164.all;

library synth;
use synth.vhdlsynth.all;

entity s_gr is

port( clk :in std_logic;
CH : in std_logic_vector ( 4 downto 0);
D :in std_logic vector ( 7 downto 0);
Q :out std_logic_vector( 7 downto 0);

addrr  :out std_logic_vector( 15 downto 0));

end s gr;

architecture a_s_gr of s_gr is

begin

S:process(clk)
variable clr,S_PCL,S PCH,S_SPL : std_logic_vector(7 downto 0):=

"00000000";
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variable S_SPH,S IXL,S_IXH : std_logic_vector(7 downto 0):=
"00000000";
variable PCl,clrl : std_logic_vector( 15 downto 0) ="0000000000000000";
variable PCS,S_C : std_logic_vector( 15 downto 0) :="0000000000000000";
begin
if( clk'event and clk ='1" )then
Q<="ZZ777777";

case CH is
when "00001" =>S PCH :=clr; S PCL :=clr;
S_SPH :=clr; S_SPL :=clr;
addrr <=clrl;
when "00010" =>S_PCL :=D;
when "00011" =>S PCH :=D;
when "00100" =>S SPL :=D;
when "00101" =>S_SPH :=D;
when "00110" => S IXL :=D;
when "00111"=>S IXH :=D;
when "01000" => S _PCL :=S_C(7 downto 0);
S_PCH :=S_C(15 downto 8);
when "01001" =>S_SPL :=S_C(7 downto 0);
S_SPH :=S_C(15 downto 8);
when "01010" => S_IXL :=S_C(7 downto 0);
S_IXH :=S_C(15 downto 8);
when "01011" =>S_C(7 downto 0) :=S_PCL;
S_C(15 downto 8) :=S_PCH;
when "01100" =>S_C(7 downto 0) :=S_SPL;
S_C(15 downto 8) :=S_SPH;
when "01101" => S _C(7 downto 0) :=S IXL,;
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S_C(15 downto 8) :=S_IXH;

when "01110" =>S_C(15 downto 8) :=S_PCH;
S_C(7 downto 0) :=S_PCL;
if(S_C="11T11111111111111") then
S_C:=clrl;
else
S_C:=(S_C+1)
end if}
S_PCH :=S_C(15 downto 8);
S_PCL :=S_C(7 downto 0);

when "01111" =>S_C(15 downto 8) :=S_SPH;
S_C(7 downto 0) :=S_SPL;

if(S_ C="1111111111111111") then
S _C:=clrl;

else
S C=(S.C+1)

end if;
S_SPH :=S_C(15 downto 8);
S_SPL :=S_C(7 downto 0);

when "10000" =>S_C(15 downto 8) := S _IXH;
S_C(7 downto 0) :=S_IXL;
if(S_C="1111111111111111") then
S_C:=clrl;
else
S C:=(S_C+1)

end if;
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S_IXH =8 _C(15 downto 8);
S_IXL :=S_C(7 downto 0);

when "10001" => PCS( 7 downto 0) := D;
S C=(S_C+PCS),

when "10010" => PCS( 7 downto 0) := D;
S C:=(S_C-PCS),

when "10011"=>S_SPH:=S PCH;
S SPL =S PCL;

when "10100" => S PCH := S_SPH;
S PCL:=S_SPL;

when "10101"=>S_SPH :=S_IXH;
S_SPL =S IXL;

when "10110"=> S IXH :=S SPH;
S_IXL :=S_SPL;

when "10111" =>PC1(15 downto 8) :=S_PCH;
PC1(7 downto 0) :=S PCL;

when "11000" =>S_PCH :=PCI1(15 downto 8);
S_PCL :=PC1(7 downto 0);

when "11001"=>S PCH :=S_IXH;
S_PCL =S _IXL;
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when "11010" => Q <= S_C(15 downto 8);
when "11011" =>Q <= S_C(7 downto 0);

when "11100" => addrr(15 downto 8) <=S_PCH;
addrr(7 downto 0) <=S_PCL;

when "11101" => addrr(15 downto 8) <=S_SPH;
addrr(7 downto 0) <=S_SPL,;

when "11110" =>S_PCH := clr;
S_PCL :="00001111";
addrr(15 downto 8) <= S_PCH;
addrr(7 downto 0) <=S PCL;

when "11111"=>8 C:=(S C-1);
when others => NULL;

end case;
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-- Latch VHDL Test By Kitipong --

-- Control Bus Unit

--27NOV 97

library ieee;

use ieee.std_logic 1164.all;

--library synth;
--use synth.vhdlsynth.all;

entity ¢_bus is

port( signal clk :in std_logic;
signal CH : in std_logic_vector ( 2 downto 0);
signal alu_gr i, sgr i, ctrl i,data i :instd_logic_vector ( 7 downto 0);
signal alu_gr o, sgr_o,ctrl_o, data o : out std_logic_vector( 7 downto 0));

end c_bus;

architecture ac_bus of ¢_bus is

begin

B:process(clk)
begin
if( clk'event and clk ='1' )then

alu gr o <="Z7Z777777",
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sgr o <="ZZZ77777";
ctrl_o <="ZZZ777777",
data o <="ZZZZZ777",

case CH is

when "001" => alu_gr o <=data i,

when "010" =>sgr 0o <=data_i;
when "011" =>ctrl_ o <=data i,
when "100" => data o <=alu gr i;
when "101" =>data 0o <=sgr j;
when "110" =>sgr o <=ctrl_j;
when "111" =>ctrl_o <=alu gr i;
when others => NULL;

end case;
end if;
end process B;

end ac_bus;
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-- Latch VHDL Test By Kitipong --

library ieee;

use ieee.std logic 1164.all;

--library synth;
--use synth.vhdlsynth.all;

entity b_s is

port( signal clk :in std_logic;

signal CH :in std_logic_vector ( 1 downto 0);
signal D :in std_logic_vector ( 7 downto 0);
signal Q : out std_logic_vector( 7 downto 0);
in_outl : inout std_logic_vector(7 downto 0)bus);

endb_s;

architecturea b_sof b_sis

begin
G:process(clk)
begin
if( clk ='1' and clk'event ) then
case CH is
when "01" => in_out] <=std_logic_vector(D);
when "10" => Q <= std_logic_vector(in_outl);
when others => in_outl <="ZZ777777",
end case;
end if;

end process G;

enda b s;
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2. XILINX

XC4000 Series
Field Programmable Gate Arrays

t

July 30, 1996 (Version 1.03)

-

Product Specification

XC4000-Series Features

Note: XC4000-Series devices described in this data sheet

include the XC4000E, XC4000EX, XC4000L, and.

XC4000XL. This information does not apply to the older
Xitinx families: XC4000, XC4000A, XC4000D or XC4000H.
For information on these devices, see the Xilinx WEBLINX
at http://www.xilinx.com,

¢ Third Generation Field-Programmable Gate Arrays
- Select-RAM™ memory: on-chip ultra-fast RAM with
- synchronous write option
- dual-port RAM option
- Fully PCI compliant (speed grades -3 and faster)
- Abundant flip-flops
-* Flexible function generators
- Dedicated high-speed carry logic
- Wide edge decoders on each edge
- Hierarchy of interconnect lines
- Internal 3-state bus capability
- 8 global low-skew clock or signal distribution
networks
* System Performance to 66 MHz
* Flexible Array Architecture
* Systems-Oriented Features
- |IEEE 1149.1-compatible boundary scan logic
support
- Individually programmable output slew rate
- Programmable input puil-up or pull-down resistors
+ 12-mA sink current per XC4000E output (4 mA per
XC4000L outout)
* Configured by Loading Binary File
- Unlimited reprogrammability
* Readback Capability
* Backward Compatible with XC4000 Devices
*  XACTstep Development System runs on '386/ 486/
Pentium-type PC, Sun-4, and Hewlett-Packard 700
series
- Interfaces to poputar design environments
- Fully automatic mapping, placement and routing
- Interactive design editor for design optimization
- RAM/ROM compiler

Low-Volitage Versions Available

* Low-Voltage Devices Function at 3.0 - 3.6 Voits

* XC4000L: Low-Voltage Versions of XC4000E devices

*  XC4000XL: Low-Voltage Versions of XC4000EX
devices

Additional XC4000EX/XL Features

* Highest Capacity — Over 130,000 Usable Gates

* Additional Routing Over XC4000E
- almost twice the routing capacity for high-density

designs

* Buffered Interconnect for Maximum Speed

* New Latch Capability in Configurable Logic Blocks

* Improved VersaRing™ I/O Interconnect for Better Fixed
Pinout Flexibility -

* Flexible New High-Speed Clock Network
- 8 additional Early Buffers for shorter clock delays
- 4 additional FastCLK™ buffers for fastest clock input
- Virtually unlimited number of clock signals

* Optional Multiplexer or 2-input Function Generator on
Device Qutputs

¢ High-Speed Parallel Express™ Configuration Mode

* Improved /O Setup and Clock-to-Output with FastCLK
and Global Early Buffers

* 4 Additional Address Bits in Master Paralle!
Configuration Mode

Introduction

XC4000-Series high-performance, high-capacity Field Pro-
grammable Gate Arrays (FPGAs) provide the benefits of
custom CMOS VLSI, while avoiding the initial cost, long
development cycle, and inherent risk of a conventional
masked gate array.

The result of eleven years of FPGA design experience and
feedback from thousands of customers, these FPGAs com-
bine architectural versatility, on-chip Select-RAM memory
‘with edge-triggered and dual-port modes, increased speed,
abundant routing resources, and new, sophisticated soft-
ware to achieve fully automated implementation of com-
plex, high-density, high-performance designs.

The XC4000 Series currently has 19 members, as shown
in Table 1. ’
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XCA4000 Series Field Programmable Gate Arrays -

Table 1: XC4000-Series Field Programmable Gate Arrays

1 | Max.
l Max Logic | Max. RAM Typical I Total Number ' Decode
' Gates Bits Gate Range cL8 Logic [ of | Inputs | Max
! Device I (No RAM) |(No Logic)|(Logic and RAM)*  Matrix | Blocks |Flip-Flops| per side | User VO
' XC4003E | 3.000 3.200 2,000 - 5,000 10x 10 100, | 380 30 - 80
’[ XC4005E/L | 5,000 6,272 | 3,000-9.000 . 14x 14 196 616 42 112
" XC4006E | 6,000 8,192 i 4,000-12.000 16x 16 256 768 | 48 128
XC4008E | 8,000 10,368 6.000 - 15.000 18x 18 324 936 54 144
| XC4010E/L { 10.000 12.800 7.000 - 20,000 20x 20 400 1.120 60 160
XC4013E/L | 13.000 18.432 10,000 - 30.000 24 x 24 576 1,536 | 72 192
XC4020E 20,000 | 25.088 ; 13,000 -40.000 28 x 28 784 2,016 84 224
XC4025E 25,000 32,768 | 15,000 - 45,000 32x32 | 1.024 + 2560 ! 96 256
+ XC4028EX/XL 28.000 32,768 | 18,000 - 50.000 32x32 1,024 2,560 . 96 256
XC4036EX/XL 36,000 [ 41,472 22,000 - 65,000 36x36 | 1,29 3,168 | 108 . 288
XC4044EX/XL | 44000 | 51,200 27,000 - 80.000 40x40 ~ 1.600 3840 | 120 + 320
XC4052XL 52,000 | 61,952 | 33,000-100.000 44 x44 1936 ' 4576 ' 132 352
XC4062XL 62.000 | 73.728 i 40.000-130.000 48x48 ' 2304 | 5376 ' 144 384
| Larger Devices Available in the First Half of 1997

Note: Throughout the functional descriptions in this docu-
ment, references to the XC4000E device family include the
XC4000L, and references to the XC4000EX device family
include the XC4000XL, unless explicitly stated otherwise.
Referances to the XC4000 Series include the XC4000E,
XC4000EX, XC4000L, and XC4000XL families. All func-
tionality in low-voltage families is the same as in the corre-
sponding 5-Volt family, except where numerical references
are made to timing, power, or current-sinking capability.

Description

XC4000-Series devices are implemented with a regular,
flexible, programmable architecture of Configurable Logic
Blocks (CLBs), interconnected by a powerful hierarchy of
varsatile routing resources, and surrounded by a perimeter
of programmable Input/Output Blocks (IOBs). They have
generous routing resources to accommodate the most
complex interconnect patterns.

The devices are customized by loading configuration data
into internal memory cells, The FPGA can either actively
read its configuration data from an external serial or byte-
parallel PROM (master modes), or the configuration data

* Max values of Typical Gate Range include 20-30% of CLBs used as RAM.

can be written into the FPGA from an external device
(slave, peripheral and Express modes).

XC4000-Series FPGAs are supportad by powerful and
sophisticated software, covering every aspect of design
from schematic or behavioral entry, floorplanning, simula-
tion, automatic block placement and routing of intercon-
nects, to the creation, downloading, and readback of the
configuration bit stream. .

Because Xilinx FPGAs can be reprogrammed an unlimited
number of times, they can be used in innovative designs
where hardware is changed dynamically, or where hard-
ware must be adapted to ditferent user applications.
FPGAs are ideal for shortening design and development
cycles, and also offer a cost-eHective solution for produc-
tign rates well beyond 5,000 systems per month. For lowest
high-volume unit cost, a design can first be implemented in
the XC4000E or XC4000EX, then migrated to one of Xilinx’
compatible HardWire mask-programmed devites.

Table 2 shows density and performance lor a few common
circuit functions that can be implemented in XC4000-Series
devices.
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Table 2: Density and Performance for Several Common Circuit Functions in XC4000E!

[ Design Class Function CLBs Used | XC400QE-3 XC4000E-2 Units jl
| 256 x 8 Single Port (read/modify/writa) 72 63 80 MHz
32 x 16 bit FIFO
g Memory simultaneous read/write - 48 ' 63 80 MHz
] MUXed read/write 32 63 80 MHz
9 bit Shift Register (with enable) 5 170 200 MHz
16 bit Pre-Scaled Counter 8 142 170 MHz
16 bit Loadable Counter 8 65 76 MHz
16 bit Accumulator 9 65 76 MHz
8 bit, 16 tap FIR Filter sample rate .
Logic parallel 400 55 65 MHz
serial 68 8.1 .10 MHz
8 x 8 Parallel Multiplier .
single stage, register to register 73 37 30 ! ns
16 bit'Address Decoder (internal decode) 3 47 3.9 ns
9 bit Parity Checker 1 43 2.7 ns

Note: 1. Most functions are faster in XC4000EX due to faster carry logic, direct connects, and other additional interconnect.

Taking Advantage of Recontiguration

FPGA devices can be reconfigured to change logic function
while resident in the system. This capability gives the sys-
tem designer a new degree of freedom not available with
any other type of logic.

Hardware can be changed as easily as software. Design
updates or modifications are easy, and can be made o’
products already in the field. An FPGA can even be recon-

figured dynamically to perform different functions at ditfer-
ent times.

Reconfigurable logic can be used to implement system
self-diagnostics; create systems capable of being reconfig-
ured for different environments or operations, or implement
multi-purpose hardware for a given application. As an
added benefit, using reconfigurable FPGA devices simpli-
fies hardware design and debugging and shortens product
lime-to-market.
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XC4000 Serles Field Programmable Gate Arrays

XC4000E and XC4000EX Families
Compared to the XC4000

For readers already familiar with the XC4000 family of Xil-
inx Field Programmable Gate Atrays, the major new fea-
tures in the XC4000-Series davices are listed in this
section, The biggest advantages of XC4000E and
XC4000EX devices are significantly increased system
speed, greater capacity, and new architectura! features,

‘particularly Select-RAM memory. The XC4000EX devices
also offer many new routing features, including special

high-speed clock buffers that can be used to capture input
data with minimal delay.

Any XC40Q0E device is pinout- and bitstream-compatible
with the corresponding XC4000 device. An existing
XC4000 bitstream can be used to program an XC4000E
device. However, since the XC4000E includes many new
features, an XC4000E bitstream cannot be loaded into an
XC4000 device.

Most XC4000EX devices have no corresponding XC4000
devices, because of the larger CLB arrays. The XC4028EX
has the same array size as the XC4025 and XC4025E, but
is not bitstream-compatible.  However, the XC4025,
XC4025E, and XC4028EX are all pinout-compatible.

Improvements in XC4000E and XC4000EX

Increased System Speed

Delays in FPGA-based designs are layout dependent.
There is a rule of thumb designers can consider—the sys-
tem clock rate should not exceed one third to one half of the
specified toggle rate. Critical portions of a design, such as
shift registers and simple counters, can run faster—approx-
imately two thirds of the specified toggle rate.

XC4000E and XC4000EX devices can run at synchronous
system clock rates of up to 66 MHz, and internal perfor-
mance can exceed 150 MHz. This increase in performance
over the previous families stems from improvements in both
device processing and system archilecture.  XC4000-
Series devices use a sub-micron triple-layer metal process.
In addition, many architectural improvements have been
made, as described below.

PCI Compliance

XC4000-Series -3 and faster speed grades are fully PCI
compliant, XC4000E and XC4000EX devices can be used
to implement a one-chip PCI solution.

Carry Logic

The speed of the carry logic chain has increased dramati-
cally. Some parameters, such as the delay on the carry
chain through a single CLB (Tave), have improved by as
much as 50% from XC4000 values. See “Fast Carry Logic”
on page 21 for more information.

Select-RAM Memory: Edge-Triggered, Synchronous
RAM Modes

The RAM in any CLB can be*configured for synchronous,
edge-triggered, write operation. The read operation is not
affected by this change to an edge-triggered write.

" Dual-Port RAM

A separate option converts the 16x2 RAM in any CLB into a
16x1 dual-port RAM with simultaneous Read/Write.

" The function generators in each CLB can be configured as

either level-sensitive (asynchronous) single-port RAM,
edge-triggered (synchronous) single-port RAM, edge-trig-

gered (synchronous) dual-port RAM, or as combinatorial
logic.

Configurable RAM Content Y

The RAM content can now be loaded at configuration time,
so that the RAM starts up with user-defined data. ’

H Function Generator.

In XC4000-Series devices, the H function generator is
more versatile than in the XC4000. Its inputs can come not
only from the F and G function generators but also from up
to three of the four control input lines, The H function gen-
erator can thus be’ totally or partially independent of the
other two function generators, increasing the maximum

capacity of the device.

10B Clock Enable

The two flip-flops in each 108 have a common clock enable
input, which through configuration can be activated individ-
ually for the input or output flip-flop or both. This clock
enable operates exactly like the EC pin on the XC4000
CLB. This new feature makes the I0Bs more versatile, and
avoids the need for clock gating.

Qutput Drivers

The output pull-up structure defaults lo a TTL-like totem-
pole. This driver is an n-channe! pull-up transistor, pulling
lo a voltage one transistor threshold below Vee, just like the
XC4000 outputs. Alternatively, XC4000-Series devices can
be globally configured with CMOS outputs, with:p-channel
pull-up transistors pulling to Vee. Also, the configurable puli-
up resistor in the XC4000 Series is a p-channel transistor
that pulls to Vce, whereas in the XC4000 it is an n-channel
transistor that pulls to a voltage one transistor threshold
below Vce.

Input Thresholds

The input thresholds can be globally configured !or either
TTL (1.2 V threshold) or CMOS (2.5 V threshold), just like
XC2000 and XC3000 inputs. The two global adjustments of
input threshold and output level are independent of each

. other, -
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Global Signal Access to Logie

There Is additional access from global clocks to the F and G
function generator inputs.

Contiguration Pin Pull-Up Reslistors

During configuration, the three mode ping, M0, M1, and
M2, have weak pull-up resistors. For the most popular con<”
figuration mode, Slave Serial, the mode pins can thus be
left unconnected.

The three mode inputs can be individually configured with
or without weak pull-up or pull-down resistors after configu-
ration.

The PROGRAM input pin has a permanent weak pull-up.

Soft Start-up

Like the XC3000A, XC4000-Series devices have “Soft
Start-up.” When the conliguration process is finished and
the device starts up, the first activation of the outputs is
automatically slew-rate limited. This featura avoids poten-
tial ground bounce when all outputs are turned on simuita-
neously. Immediately after start-up. the slew rate of the
individual outputs is, as in the XC4000 family, determined
by the individual configuration option.

XC4000 and XC4000A Compatibility

Existing XC4000 bitstreams can be used to configure an
XC4000E device. XC4000A bitstreams must be recom-

piled for use with the XC4000E due to improved routing-

resources, although the devices are pin-for-pin compatible.

Additional Improvements in XC4000EX
Only

increased Routing

New interconnect in the XC4000EX includes twenty-two
additional vertical lines in each column of CLBs and twelve
new horizontal lines in each row of CLBs. The twelve
“Quad Lines” in each CLB row and column include optional
repowering buffers for maximum speed. Additional high-
performance routing near the |0Bs enhances pin flexibility.

Faster Input and Output

A fast, dedicated early clock sourced by global clock butfers
is available for the 10Bs., To ensure synchronization with
the regular global clocks, a Fast Capture latch driven by the
early clock is available., The input data can be initiaily
loaded into the Fast Capture latch with the early clock. then
transferred to the input flip-flop or latch with the low-skew
global clock. A programmable delay on the input can be
used to avoid hold-time requirements. See “IOB Input Sig-
nals” on page 24 for more information.

Latch Capability In CLBs

Storage elements in the XC4000EX CLB can be configured
as either flip-flops or latches. This capability makes the
FPGA highly synthesis-compatible,

108 Qutput MUX From OQutput Clock

A multiplexer in the 108 allows the output clock to select
either the output data or the 0B clock enable as the output
to the pad. Thus. two different data signals can share a sin-
gle output pad, effectively doubling the number of device
outputs without requiring a larger, more expensive pack-
age. This multiplexer can also be configured as an AND-
gate to implement a very fast pin-to-pin path. See "I0OB
Output Signals” on page 27 for more information.,

Express Configuration Mode

A new slave configuration mode accepts parallel data input.
Data is processed in parallel, rather than serialized inter-
nally. Therefore, the data rate is eight times that of the six
conventional configuration modes.

Additional Address Bits

Larger devices require more bits of configuration data. A
daisy chain of several large XC4000EX devices may
require 8 PROM that cannot be addressed by the eighteen
address bits supported in the XC4000E. The XC4000EX
family therefore extends the addressing in Master Parallel
‘configuration mode to 22 bits.
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Detailed Functional Description

XC4000-Series devices achieve high speed through
advanced semiconductor technology and improved archi-
tecture. The XC4000E and XC4000EX support system
clock rates of up to 66 MHz and internal performance in
excess of 150 MHz, Compared to older Xilinx FPGA fami-
lies, XC4000-Series devices are more powerful. They offer
on-chip edge-triggered and dual-port RAM, clock enables
on /O flip-flops. and wide-input decoders. They are more
versatile in many applications, especially those involving
RAM. Design cycles are faster due to a combination of
increased routing resources and more sophisticated soft-
ware.

Basic Building Blocks

Xilinx user-programmable gate arrays include two major
configurable elements: cohfigurable logic blocks (CLBs)
and input/output blocks (I0Bs).

» CLUBs provide the functional elements for constructing
the user's logic.

* 108Bs provide the interface between the package pins
and internal signal lines.

Three other types of circuits are also available:

= 3-State buffers (TBUFs) driving horizontal longlines are
associated with each CLB.

* Wide edge decoders are available around the penphery
of each device.

* An on-chip oscillator is provided.

Programmable interconnect resources provide routing
paths to connect the inputs and outputs of these config-
urable elements to the appropriate networks.

The functionality of each circuit block is customized during
configuration by programming internal static memory cells,
The values stored in these memory cells determine the
logic functions and interconnections implemented in the
FPGA.

Each of these available circuits is described in this section.

Configurable Logic Blocks (CLBs)

Configurable Logic Blocks implement most of the logic in
an FPGA. The principal CLB elements are shown in
Figure 1. The number of CLBs needed to implement
selected soft macros is shown in Table 3.

Two 4-input function generators (F and G) offer unrestricted
versatility. Most combinatorial logic functions need four or
fewer inputs. However, a third function generator (H) is pro-
vided. The H function generator has three inputs. Either

S XILINX

zero, one, or both of these inputs can be the outputs of F
and G; the other input(s) are from outside the CLB. The
CLB can, therefore, implement certain functions of up to
nine variables. like parity check or expandable-identity
comparison of two sets of four inputs.

Each CLB contains two storage elements that can be used
to store the function generator outputs. However, the stor-
age slements and function generators can also be used
independently. These storage elements can be configured
as flip-fiops in both XCA4000E and XC4000EX devices: in
the XC4000EX they can optionally be configured as
latches. DIN can be used as a direct input to either of the
two storage elements. H1 can drive the other through the H
function generator. Function generator outputs can also
drive two outputs independent of the storage element out-
puts. This versatility increases logic capacity and simplifies
routing.

Thirteen CLB inputs and four CLB outputs provide access
to the function generators and storage elements. These
Inputs and outputs connect to the programmable intercon-
nect resources outside the block.

Function Generators

Four independent inputs are provided to each of two func-
tion generators (F1 - F4 and G1 - G4). These function gen-
erators, with outputs labeled F' and G', are each capable of
implementing any arbitrarily defined Boolean function of
four inputs. The function generators are implemented as
memory look-up tables. The propagation delay is therefore
independent of the function implemented.

A third function generator, labeled H', can implement any
Boolean function of its three inputs. Two of these inputs

-can optionally be the F' and G' functional generator out-

puts. Alternatively, one or both of these inputs can come
from outside the CLB (H2, HO). The third input must come
from outside the block (H1).

- Signals from the function generators can exit the CLB on

two outputs. F' or H' can be connected to the X output. G’
or H' can be connected 1o the Y output.

A CLB can be used to implement any of the following func-
tions: ~

+ any function of up to four variables, plus any second
function of up to four unreliated variables, plus any third
function of up to three unrelated variables'

* any single function of five variables

+ any function of four variables together with sorme
functions of six variables

¢ some functions of up to nine variables.

1. When three separate functions are generated. one of.the function outputs must be caplured in a flip-tiop internal to the CLB. Only two

unregistered function generator outputs are available from the CLB.




— o m

-

e o M

169

XC4000 Series Field Programmable Gate Arrays
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Figure 1:

Implementing wide functions in a single block reduces both
the number of blocks required and the delay in the signal
path, achieving both increased capacity and speed.

The versatility of the CLB function generators significantly
improves system speed. In addition, the design-software
tools can deal with each function generator independently.
This flexibility improves cell usage.

Flip-Flops

The CLB can pass the combinatorial output(s) to the inter-
connect network, but can also store the combinatorial
results or other incoming data in one or two flip-flops, and
connect their outputs to the interconnect network as well.

The two edge-triggered D-type flip-flops have common
clock (K) and clock enable (EC) inputs. Either or both clock
inputs can also be permanently enabled. Storage element
functionality is described in Table 4.

Latches (XC4000EX only)

The CLB storage elements can aiso be configured as
latches. The two latches have common clock {K) and clock
enable (EC) inputs. Storage element functionality is
described in Table 4.

Simplified Block Diagram of XC4000-Series CLB '(RAM and Carry Logic functions not shown)

Table 4: CLB Storage Element Functionality
(active rising edge is shown)

Mode i K ] EC SR D I Q
Power-Up or
GSR X X X X SR
i X ] X 11 X SR
Flip-Flop AR D | O
o } X , 0 X 4+ Q
1 1° 0 X 1 Q
tch
Late 0o | 1~ | 0 | o ][ ©
Both X 0 0 X Q
Legend:
X Don't care
I~ . isingedge
SR ° Lot or Reset value. Reset is default.
o} Input is Low or unconnected (default vaiue)
1° input is High or unconnected (default value)
Clock Input

Each flip-flop can be triggered on either the rising or falling

clock edge. The clock pin is shared by both storage ele-
ments. However, the clock is individually invertible for each
storage element. Any inverter placed on the clock mput is
automatically absorbed into the CLB.
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Figure 3: 16x2 (or 16x1) Edge-Triggered Single-Port RAM
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Figure 4: 32x1 Edge-Triggered Single-Port RAM (F and G addresses are identical)
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RAM Inputs and Outputs

The F1-F4 and G1-G4 inputs to the function generators act
as address lines, selecting a particular memory cell in each
look-up table.

The functionality of the CLB control signals changes when
the tunction generators are configured as RAM. The DIN/
H2, H1, and SR/HO lines become the two data inputs (DO.
D1) and the Write Enable (WE) input for the 16x2 memory.
When the 32x1 configuration is selected, D1 acts as the
fitth address bit and DO is the data input.

The contents of the memory cell(s) being addressed are
available at the F' and G' function-generator outputs. They
can exit the CLB through its X and Y outputs, or can be cap-
tured in the CLB flip-flop(s).

Contfiguring the CLB function generators as Read/Write
memory does not affect the functionality of the dther por-
tions of the CLB, with the exception of the redefinition of the
control signals. [n 16x2 and 16x1 modes, the H’ function
generator can be used to implement Boolean functions of
F', G', and D1, and the D flip-flops can latch the F', G', H', or
DO signals.

Single-Port Edge-Triggered Mode

Edge-triggered (synchronous) RAM simplifies timing
requirements. XC4000-Series edge-triggered RAM timing
operates like writing to a data register. Data and address
are presented. The register is enabled for writing by a logic
High on the write enable input. WE. Then a rising or falling
clock edge loads the data into the register, as shown in
Figure S.

Complex timing relationships between address, data, and
write enable signals are not required, and the external write
enable pulse becomes a simple clock enable. The active
edge of WCLK latches the address, input data, and WE sig-
nals. An internal write pulse is generated that performs the
write. See Figure 3 and Figure 4 for block diagrams of a
CLB configured as 16x2 and 32x1 edge-triggered, single-
port RAM.

The relationships between CLB pins and RAM inputs and
outputs for single-port, edge-triggered mode are shown in
Table 7.

The Write Clock input (WCLK) can be configured as active
on either the rising edge (default) or the falling edge. It
uses the same CLB pin (K) used to clock the CLB flip-flops.
but it can be independently inverted. Consequently, the
RAM output can optionally be registered within the same

’ !
WwE { \
' i
1 TDSS ‘TU“sJ
; I : = '
pE & ke
DATAIN = ) )]( RETE :
! !
' TASS TAHS
S EEED ¢ D G
' -
| R
I Tho b "o

DATAQUT "%ty o

R R R
3

Figure 5: Edge-Triggered RAM Write Timing

CLB either by the same clock edge as the RAM, or by the
opposite edge of this clock. The sense of WCLK applies to
both tunction generators in the CLB when both are config-
ured as RAM.

The WE pin is acti\;e-High and is not invertible within the
cLB.

Note: The pulse following the active edge of WCLK (Twps
in Figure 5) must be less than one millisecond wide. For
most applications, this requirement is not overly restrictive.
however. it must not be forgotten. Stopping WCLK at this
point in the write cycle could result in excessive current and
even damage to the larger devices if many CLBs are con-
figured as edge-triggered RAM,

Table 7: Single-Port Edge-Triggered RAM Signals

Function !

RAM Signal CLB Pin !
D DO or D1 Data In :
(16x2, 16x1)
DO (32x1) -
A[3:0] F1-Fd or Address
G1-G4 : )
Al4] D1 (32x1) Address
WE WE: Write Enable
WCLK -~ K Clock
SPO ForG' Single Port Out
(Data Out) + (Data Oul)
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Figure 7: 16x1 Edge-Triggered Dual-Port RAM
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Figure 13: Fast Carry Logic in XC4000E CLB (shaded area not present in XC4000EX)
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Figure 14: Detail of XC_4000E Dedicated Carry Logic
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Figure 15: Detail of XC4000EX Dedicated Carry Logic (shaded areas show differences from XC4000E carry logic)
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Input/Output Blocks (10Bs)

User-configurable input/output blocks (IOBs) provide the
interface between external package pins and the internal
logic. Each 0B controls one package pin and can be con-
figured for input, output, or bidirectional signals.

Figure 16 shows a simplified block diagram of the
XC4000E 10B. A more complete diagram of the XC4000E -
10B can be found in Figure 42 on page 51, in the "Boundary
Scan” section. Figure 42 includes the boundary scan logic
in the 10B.

Figure 17 shows a simplified block diagram of the
XC4000EX 10B. The XC4000EX 10B contains some spe-
cial features not included in the XC4000E 10B, These fea-
tures are highlighted in Figure 17, and discussed
throughout this section. When XC4000EX special features
are discussed, they are clearly identified in the text. Any
feature not so identified is present in both XC4000E and
XC4000EX devices. .

10B Input Signals

Two paths, labeled 11 and 12 in Figure 16 and Figure 17,
bring input signals into the amray. Inputs also connect to an
input register that can be programmed as either an edge-
triggered flip-flop or a level-sensitive latch.

The choice is made by placing the appropriate library sym-
bol. For example, IFD is the basic input flip-flop {rising
edge triggered), and ILD is the basic input latch (transpar-
ent-High). Variations with inverted clocks are available, and
some combinations of latches and flip-flops can be imple-
mented in a single IOB, as described in the XACT Libraries
Guide.

The inputs can be globally configured for either TTL (1.2V,
default) or CMOS thresholds, using an option in the Make-
Bits program. There is a slight hysterasis of about 300mV.
The output levels are also configurable; the two global
adjustments of input threshold and output level are inde-
pendent.

Inputs of the low-voltage devices must be configured as
CMOS at all times. They can be driven by the outouts of all
5-Volt XC4000-Series devices, provided that the 5-Volt out-
puts are in TTL mode. They can also be driven by any TTL
output that does not exceed 3.7 V. 5-Volt XC3000-family
device outputs, for example, are TTL-compatible, but since
the output voltage can exceed 3.7 V, they cannot be used to
drive an XC4000L or XC4000XL input.

The inputs of XC4000-Series 5-Volt devices can be driven
by the outputs of any 3.3-Volt device, if the 5-Volt inputs are
in TTL mode.

Supported sources for XC4000-Series device inputs are
shown in Table 10.

Table 10: Supported Sources for XC4000-Series Device
Inputs’

XC4000-Series Inputs
\ -
33V, 1 5V, 5V,
 Source cmos | TTL | cmos
Any device, Vcc =3.3 V, J q S
1ICMOS outputs ‘U . "".1
[XC4000-Series, Vec =5V, | 7| bt
[TTL outputs Data '
Any device, Vec =5V, J J
TTL outputs (Voh< 3.7 V)
Any device, Vec =5V, 1 I
'CMOS outputs Danger’) » | ¥

1. Acceptable lor XC4000XL if the designated 5-Volt
supply pad (V) is tied to 5V.

-
Al

Registered Inputs

The 11 and I2 signals that exit the block can each carry
either the direct or registered input signal.

The input and output storage elements in each 108 have a
common clock enable input, which, throughr configuration,
can be activated individually for the input or output flip-fiop,
or both. This clock enable operates exactly like the EC pin-
on the XC4000-Series CLB. It cannot be inverted within
the IOB. v

The storage element behavior is shown in Table 11.

Table 11: Input Register Functionality
(active rising edge is shown)

Ciock | | !
Mode Clock Enable | D : Q ‘
i Power-Up or X X i X ! SR |
’ GSR ‘
Flip-Flop N 1° i 0O+ D
0 4 X X Qg
i Latch 1. 1" D S )
i 0 1° ) D
Both 1 X 0 X, Q
Legend:
X Don't care
i~ Rising edge
SR Set or Reset value. Reset is defaul.
0 Input is Low or unconnected (default value)
1 Input Is High or unconnected (default vaiue)
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Figure 16: Simplified Block Diagram of XC4000E 108
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Figure 17: Simplified Block Diagram of XC4000EX 10B (shaded areas indicate differences from XC4000E)
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Table 18: Pin Descriptions

l{e}

Ouring
Pin Name | Conflg.

o
After
Config.

Pin Description

Permanently Dedicated

Pins

vCC !

Eight or more (depending on package) connections to the nominal +5 V supply voltage
(+3.3 V for low-voltage devices). All must be connected, and each must be decoupled
with a 0.01 - 0.1 uF capacitor to Ground.

GND |

Eight or more (depending an package type) connections to Ground. All must be con-
nected.

CCLK lorQ

During configuration, Configuration Clock (CCLK) is an output in Master modes or Asyn-
chronous Peripheral mode, but is an input in Slave mode, Synchronous Peripheral
mode, and Express mode. After configuration, CCLK has a weak pull-up resistor and
can be selected as the Readback Clock. There is no CCLK High time restriction on
XC4000-Series devices, except during Readback. See “Violating the Maximum High
and Low Time Specification for the Readback Clock” on page 65 for an explanation of

ithis exception.

DONE 1o

DONE is a bidirectional signal with an optional internal pull-up resistor. As an output, it
indicates the completion of the configuration process. As an input, a Low level on
DONE can be configured to delay the global logic initialization and the enabling of out-
puts.

The optional pull-up resistor is selected as an option in MakeBits, the XACTstep pro-
gram that creates the configuration bitstream. The resistor is included by default.

PROGRAM is an active Low input that forces the FPGA to clear its configuration mem-
ory. Itis used lo initiate a configuration cycle. When PROGRAM goes High, the FPGA
finishes the current clear cycle and executes another complete clear cycle, before it
goes into a WAIT state'and releases INIT.

The PROGRAM pin has a permanent weak pull-up, so it need not be externally pulled

up to Vce.

User I/O Pins i‘hat Can

Have Special Functions

RDY/BUSY

0

/O

IDuring Peripheral mode configuration, this pin indicates when it is appropnafe to write
lanother byte of data into the FPGA. The same status is also available on D7 in Asyn-
'chronous Peripheral mode, if a read operation is performed when the device is selected.
'After configuration, RDY/BUSY is a user-programmable 1O pin.

IRDY/BUSY is pulled High with a high-impedance pull-up prior to INIT going High.

|
|
l

o

_During Master Parallel configuration, each change on the A0-A17 outputs (AD - A21 for
1XC4000EX) is preceded by a rising edge on ACLK. a redundant output signal. RCLK
tis useful for clocked PROMs. It is rarely used during configuration. After configuration,

,ACLK is a user-programmable I/O pin.

' MO, M1, M2 .

]

1 (MO), Dunng configuration, these pins have weak pull up resistors. For the most popular con-
O (M), mguratlon mode, Slave Serial. the mode pins can thus be left unconnected. The three
I (M2} mode inputs can be individually configured with or without weak putl-up or pull-down re-l

As Mode inputs, these pins are sampled after INIT goes High to determine the contigu-
jration mode to be used. After configuration, MO and M2 can be used as inputs, and M1
vcan be used as a 3-state output. These three pins have no associated input or output

'registers.

5|stors A pull-down resistor value of 4.7 kQ is recommended. ;
“These pins can only be used as inputs or outputs when called out by special schematic
-definitions. To use these pins, place the library components MDO, MD1, and MD2 in-
‘stead of the usual pad symbols. Input or output buffers must still be used.
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Table 18: Pin Descriptions (Continued)

v | o | ' VSt
During | After )
Pin Name | Contig. | Config. ! Pin Description
it boundary scan is used, this pin is the Test Data Output. If boundary scan is not used,
ithis pin is a 3-state output without a register, after configuration is completed.
TDO 0 O This pin can be user output-only when called out by special schematic definitions. To
,use this pin, place the library component TDO instead of the usual pad symbol. An out-
_put buffer must still be used.
‘It boundary scan is used, these pins are Test Data In, Test Clock, and Test Mode Select
‘inputs respectively. They come directly from the pads. bypassing the I0Bs. These pins
yo fean also be used as inputs to the CLB logic after configuration is completed.
TOI, TCK, A1t the BSCAN symbol is not placed in the design, all boundary scan functions are inhib-
1 orl . \ AL s
T™MS (JTAG) \ited once configuration is completed, and these pins become user-programmable /0.
/In this case, they must be called out by speciat schematic definitions. To usehese pins,
‘place the library components TD!, TCK, and TMS instead of the usual pad sy"mbols. In-
put or output buffers must still be used.
"High During Configuration (HDC) is driven High until the I/O go active. Itis avaitable as
HDC o} 110 ;a control output indicating that configuration is not yet completed. After configuration,
-HOC is a user-programmable /O pin.
.o iLow During Contiguration (LDC) is driven Low until the I/O go active. It is available as a
(oC 0 I/O  control output indicating that configuration is not yet completed. After configuration,
:LDC is a user-programmable /O pin.
Before and during configuration, INTT is a bidirectional signal. A 1 kQ - 10 kQ external
‘pull-up resistor is recommended.
As an active-Low open-drain output, INIT Is held Low during the power stabilization and
INTT 1o 1o sinternal clearing of the configuration memory. As an active-Low input, it can be used
to hold the FPGA in the internal WAIT state belore the start of configuration. Master
:mode devices stay in a WAIT state an additional 30 to 300 us after INIT has gone High.
Ouring configuration, a Low on this output indicates that a configuration data error has
occurred. After the 1/O go active, INIT is a user-programmable /O pin.
:Four Primary Global inputs each drive a dedicated internal global net with short detay
PGCK1 - .and minimal skew. If not used to drive a global buffer, any of these pins is a user-pro-
- PGCK4 Weak l'or O ‘rammable 1/O.
(XC4000E | Pull-up iThe PGCK1-PGCK4 pins drive the four Primary Global Buffers. Any input pad symbol
only) connected directly to the lnput of a BUFGP symbol is automatlcally ptaced on one of
these pins.
Four Secondary Global inputs each drive a dedicated internal global net with short delay
SGCK{1 - and minimal skew. These internal global nets can also be driven from internal logic. If
SGCK4 Weak Lor 10 i .not used to drive a global net, any of these pms is a user-programmable /O pin.
{(XC4000E | Pult-up The SGCK1-SGCK4 pins provide the shortest path to the four Secondary Global Buff-
only) ers. Any input pad symbol connected directly to the input of a BUFGS symbol is auto-
matically placed on one of these pins.
Eight inputs can each drive a Globat Low-Skew butfer. In addition, each can drive a Glo-
GCK1 - .bal Early buffer. Each pair of global buffers can also be driven from internal logic, but
GCKs Weak lor VO must share an input signal. If not used to drive a globat buffer, any of these pins is a
{XC4000EX | Pull-up user-programmable /0.
only) -Any input pad symbol connected directly to the input of a BUFGLS or BUFGE symbol
H ,is automatically placed on one of these pins.
Four FCLK inputs can each drive a FastCLK buffer. The FastCLK buffers cannot be
FCLK1 - l 'driven from internal logic. If not used to drive a global buffer, any of th ins i -
FCLK4 Weak riven fro gic. If not use e aglo ufter, any of these pins is a user
(XC4000EX | Pull-up lorl/O prog.rammable /0. . . ’
only) Any input pad symbo! connected directly to the input of a BUFFCLK symbol.is automat-

ically placed on one of these pins.
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Table 18: Pin Descriptions (Continued) -

ro o
During | After v !
Pin Name | Config. | Config. Pin Description
These four inputs are used in Asynchronous Peripheral mode. The chip is selected
when C30 is Low and CS1 is High. While the chip is selected, a Low on Write Strobe
(W3) loads the data present on the DO - D7 inputs into the internal data butfer. A Low
C30. 31, | yo onRead Strobe (R3) changes D7 into a status output — High if Ready, Low if Busy —
. WS,RS and drives DO - D6 High.
' In Express mode, CS1.is used as a serial-enable signal for daisy-chaining.
! WS and BS should be mutually exclusive, but if both are Low simultaneously, the Write
1Strobe overrides. After conliguration, these are user-programmable 1/O pins.
AG - A17 0 1o {During Master Parallel configuration, these 18 output pins address the configuration
JEPROM. After configuration, they are user-programmable 1/O pins.
A18 - A21 During Master Parallel configuration with an XC4000EX master, these 4 output pins add
(XCA4000EX o VO |4 more bils to address the configuration EPROM. After configuration, they are user-pro-
' only) grammable /O pins.
. D0-D7 | 1o During Master Parallel and Peripheral configuration, these eight input pins receive con-
figuration data. After configuration, they are user-programmable 1O pins.
:During Slave Serial or Master Serial configuration, DiN is the serial configuration data
| DJN | le} 'input receiving data on the rising edge of CCLK. During Parallel configuration, DIN is
B the DO input. Afer configuration, DIN is a user-programmable I/O pin.
) 1During configuration in any mode but Express mode, DOUT s the serial configuration
i jdata output that can drive the DIN ot daisy-chained slave FPGAs. DOUT data changes
.on the falling edge of CCLK, one-and-a-half CCLK periods after it was received at the
oouT (o] VO |DIN input.

‘In Express mode, DOUT is the status output that can drive the CS1 of daisy-chained
EFPGAs. to enable and disable downstream devices.
|After configuration, DOUT is a user-programmable /0 pin.

'
i
i
L
'

Unrestricted User-Prog

rammable VO Pins

e}

Weak

Pull-up

These pins can be configured to be input and/or output after configuration'is completed.

‘tor {50 kQ2 - 100 kQ) that defines the logic level as High.

/O iBelore configuration is completed, these pins have an internal high-value pGﬂ-up resis-:
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Configuration Timing

The seven configuration modes are discussed in detail in
this section. Timing specifications are included.

Master Serial Mode

In Master -Serial mode, the CCLK output of the lead FPGA
drives a Xilinx Serial PROM that feeds the FPGA DIN input,
Each rising edge of the CCLK output increments the Serial
PROM internal address counter, The next data bit is put on
the SPROM data output, connected to the FPGA DIN pin.
The lead FPGA accepts this data on the subsequent rising
CCLK edge.

The lead FPGA then presents the preamble data—and all
data that overfiows the lead device—on its DOUT pin.
There is an internal pipeline delay of 1.5 CCLK periods,
which means that DOUT changes on the falling CCLK
edge. and the next FPGA in the daisy chain accepts data
on the subsequent rising CCLK edge.

L
NOTE:
M2, M1, MO can be shorted
to Ground if not used as O

In MakeBits, the user can specity Fast ConfigRate, which,
starting several bits into the first frame, increases the CCLK
frequency by a factor of eight. ‘The value increases from
between 0.5 and 1.25 MHz, to a value between 4 and 10
MHz. (For low-voltage devices. the frequency can be up to
10% lower.) Be sure that the serial PROM and slaves are
fast enough to support this data rate. XC2000, XC3000/A,
and XC3100A devices do not support the Fast ConfigRate
option.

The SPROM CE input can be driven from either LOT or
DONE. Using LDT avoids potential contention on the DIN
pin, it this pin is configured as user-VO, but TDC is then
restricted to be a permanently High user output after con-
figuration. Using DONE can also avoid contention on DIN,
provided the early DONE option is invoked.

Master Serial mode is selected by a <000> en lhe\mode
pins (M2, M1, M0).

NOTE:
M2, M1, MQ can be shorted
to Vce o not used as VO

{Low Raset Opnon Used)

vee
5 ; 3 A= ‘ NG 2 2
e oo 3 w el 17U a7 é‘”‘ll
TTE1 ‘ K S
] l 1 1
H My w) oy wioa Eerid
b L ; NC L M2
oout - om oout e R oouT |—
XC4000E/EX Yoo smseninnid S -
MASTER XC17000 1y XCA4000E/EX, XC3100A
SERIAL §"’ o _T XC5200 SLAVE
P o e SLAVE
o DATA vl
| EROGRAM {oc =3 JEO |—— | FaGGRaw ——w{ RESET
l ‘—— oomE T PesETICE | —~— oone Tav ‘ oF Crr | DT
l | ‘

|

T

—

PROGRAM

X6608

_ Figure 53: Master Serlal Mode Clrcuit Diagram
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CCWX
(Output)

Senial Data In | n T net \ X ns2 X
Sena(lo?ﬁ'lﬂ; n-3 X n-2 X n-1\..X n X
x3223
| | Description Symbol | Min h Max Units
{DIN setup 3, | TDSCK ¢ 20 ) ' ns
LK ‘ .
\ ce DN hoid 2NN 0 : ns

Notes: 1. At power-up, Vcc must rise from 2.0 V to Ve min in less than 25 ms, otherwise delay configuration by pulling PROGRAM
Low until Vec is valid,
2. Master Serial mode timing is based on testing in slave mode.

Figuré 54: Master Serial Mode Programming Switching Characteristics
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Slave Serial Mode

In Slave Serial mode, an external signal drives the CCLK
input of the FPGA. The serial configuration bitstream must
be available at the DIN input of the lead FPGA a short setup
time before each rising CCLK edge.

The lead FPGA then presents the preamble data~—and all
data that overflows the lead device—on its DOUT pin.
There is an internal delay of 0.5 CCLK periods. which

HOTE:
M2, M1, %0 can be shorted
to Ground if not used as /O

means that-DOUT changes on the falling CCLK edge, and
the next FPGA in the daisy chain accepts data on the sub-
sequent rising CCLK edge.

Slave Serial mode is selected by a <111> on the mode pins
(M2, M1, M0). Slave Serial is the default mode if the mode
pins are left unconnected. as they have weak puli-up resis-
tors during configuration.

NOTE:
M2, M1, MQ can ba shorted
to Vcg if not used as VO

{Low Regel Cotion Uve)

: X vee .
um% l'lllz § = ,__‘lf_.. aren umgguxn
l T TR i
] t 30T W N mnon
w2 e vz vz -
dour T on oout oN oout -‘—-
y RSOSSN, S S ———
XC4000E/EX ves Vg oo
MASTER 2 XC17000 sV XCA4000E/EX, XC3100A
SERIAL sZF ik XCs200 SLAVE
Ey cw P —r SLAVE
ON e DATA )
- e o ] e S
i | oome T e - AESETCE rm wat > —o?® T |
i ‘

PROGRAM !

|
41 X5608

Figure 55: Slave Serial Mode Circuit Diagram
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D

DIN X n Bitn+ 1
i )
~—=DTocc "i‘— @eco O l
CCLK [ \\ ﬂl
@ ~—@Teco
pouT . .
{Output) Bitn-1 1 Bitn
X5379
' Description ( Symbol Min i Max ) Units |
1DIN setup Lt Toce 20 ! | ns
; ‘DIN hoid | 2 | Teeo 0 ' i ns
‘ ‘DIN to DOUT 3 T | | )
COLK ol Y7 ) | ey L \¥ | ns
 High time Fd i Teen | 45 | ns
,Low time P50 Teew | 45 ns
,Frequency ; Fee | 10 ! MHz

Note:” Contiguration must be defayed until the TNTT pins of all daisy-chained FPGAs are High.

Figure 56: Slave Serial Mode Programming Switching Characteristics
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Master Parallel Modes

In the two Master Parallel modss, the lead FPGA directly
addresses an industry-standard byte-wide EPROM. and
accepts eight data bits just before incrementing or decre-
menting the address outputs.

The eight data bits are serialized in the lead FPGA, which
then presents the preamble data—and all data that over-
flows the lead device—on its DOUT pin. There is an inter-
nal detay of 1.5 CCLK periods, after the rising CCLK edge
that accepts a byte of data (and also changes the EPROM
address) until the falling CCLK edge that makes the LSB
(DO) of this byte appear at DOUT. This means that DOUT
changes on the falling CCLK edge. and the next FPGA in
the daisy chain accepts data on the subsequent rising
CCLK edge.

The PROM address pins can be incremented or decre-
mented depending on the mode pin settings. This option
allows the FPGA to share the PROM with a wide variety of
microprocessors and microgontrollers. Some processors
must boot from the bottom of memory (all zeros) while oth-
ers must boot from the top. The FPGA is flexible and can
load its configuration bitstream from either end of the mem-
ory.

Master Paraliel Up mode is selected by a <100> on the
mode pins (M2, M1, M0). The EPROM addresses start at
00000 and increment.

Master Parallel Down mode is selected by a <110> on the
mode pins. The EPROM addresses start at 3FFFF and
decrement.

HIGH " TO DIN OF OPTIONAL !
e DAISY-CHAINED FPGAS ]
.L_,‘\‘”, ‘9 LTII Nic ]
\ f W A W2 | e
| . 70 CCLK OF OPTIONAL 7 e
$ DAISY-CHAINED FOGAS )
| ceuw > i [
NOTE MO can be srommd | OOV ' -
10 Ground 4 not used ar— - ! MO AV ‘A2
as /0.
vee agpb— i om DOUT f———
as— - - EPROM
1BK » 8) PPN
L7%0 atel— - | (ORLARGERI Y
USER CONTROL OF wigwes
W A3 OADER PROM ADURESS 3 TS XC000E/EX
3 a2 CAN 2 USED TO SELECT 2ETWEEN SLAVE
ALTEANATIVE CONFIGUATIONS
At Aft i A
——3{ PROGRAM
A19 A10
PROGAAM A9 A9
~——1| OONE Tt tagd
e 8 a8 ¢
i 08 a7 A7 o7 '
'~ os 5 > a6 05 Q l
|, — o as > as N \
03 as f- a4 ol :
Lr— 02 a3 A3 np~ !
:
raa A2 A2 02 [\ }
!~ oo a1 At o'
20 a0 YN
JONE GE |
i Ll |
| | !
\ 1 !
. DATABUS L8
PROGRAM

| Figure 57: Master Paraliel Mode Circuit Diagram
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Synchronous Peripheral Mode

Synchronous Peripheral mode can also be considered
Slave Parallel mode. An external signal drives the CCLK
input(s) of the FPGA(s). The first byte of parallel configura-
tion data must be available at the Data inputs of the lead
FPGA a short setup time before the rising CCLK edge.
Subsequent data bytes are clocked in on every eighth con-
secutive rising CCLK edge.

The same CCLK edge that accepts data, also causes the
RDY/BUSY output to go High for one CCLK period. The pin
name is a misnomer. In Synchronous Peripheral mode it is
really an ACKNOWLEDGE signal. Synchronous operation
does not require this response, but it is a meaningful signal
for test purposes. Note that ROY/BUSY is pulted High with
a high-impedance pullup prior to INTT going High.

NOTE:

The lead FPGA serializes the data and presents the pre-
amble data (and all data that overflows the lead device) on
its DOUT pin. There is’ an internal delay of 1.5 CCLK perit
ods. which means that DOUT changes on the falling CCLK
edge, and the next FPGA in the daisy chain accepts data

. on the subsequent rising CCLK edge.

In order to complete the serial shift operation, 10 additiona!
CCLK rising edges are required after the last data byte has
been loaded. plus one more CCLK cycle for each daisy-
chained device.

Synchronous Peripheral mode is selected by a <011> on
the mode pins (M2, M1, MO).

M2 can be shorted to Ground
it not used as /0

B NIC 47K NIC
MO M1 M2 MO M1 M2
cLoek CCLK CCLK
OPTIONAL
8 DAISY-CHAINED
DATA BUS —+——~ Op.7 FPGAs
pouT OIN DOUT |—
vce XCA4000E/EX XCA4000E/EX
T SYNCHRO- SLAVE
NOUS
4.7 k)
ka3 PERIPHERAL
CONTROL { RDY/BUSY /4 '
SIGNALS N DONE NI DONE |—
47k E
&= 1
PROGRAM PROGRAM B PROGRAM

Figure 59: Synchronous Peripheral Mode Circuit Diagram
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(}2:%;:;!7) X Address for Byta n Address for Byte n + 1
N — o @\TH AC ‘
. KXo~ | X
L—- @Tonc — -— @Tnco
RCLK \K 4
{outout ' 0 /
7CCLKs CCLK ;
CCLK
foutput)
oouT
(outout) j(_ o6 q( o
Byten-1 X6078
\ [ Description ! Symbol Min Max I Units
\Delay to Address valid | 1 1 Thag ! 0 200 ) ns
| RCLK lData setup time | 2 1 Topc 60 i ns
iData hold time 3 Taco 0 ! ' ns
Notes: 1. At power-up, Vee must rise from 2.0 V to Ve min in |

ess than 25 ms, otherwise delay configuration by pulling PROGRAM
Low untll Ve is valid.
2. The first Data byte is ioaded and CCLK starts at the end of tha first HCLR active cycle (rising edge).

This timing diagram shows that the EPROM requirements are extrem

ely relaxed. EPROM access time can be longer than
500 ns. EPROM data output has no hold-time reguirements.

Figure 58: Master Parallel Mode Programming Switching Characteristics
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CCLK
1 ' . ‘
1 1
] 1 .
1 ' .
T ! ' . Al*r
[BvEN ! [OYTE \
e/, X/
' 1
X : BYTE 0 OUT: +| 8YTE 10UT
pouT : :(0X1X2X3X4X5X6X7ko><1
' i
ROY/BUSY '/ \I / \
X8096
| Description Symbol ' Min | Max | Units
INIT (High) setup time Tic . 5 i | us
DO - D7 setup time i Toc 60 Lo.ns
’ DO - D7 hold time Tco 0 , | ns
CeLK CCLK High time ToeH ¢ 50 ! ns
CCLK Low time TeeL 60 | ns
\CCLK Frequency Fee . | 8 | MHz

Notes: 1, Peripheral Synchronous made can be considered Slave Parallel mode. An external CCLK provides timing, clocking In the
first data byte on the second rising edge of CCLK after INTT goes High. Subsequent data bytes are clocked in on every
eighth consecutive rising edge of CCLK.

2. The RDY/BUSY tine goes High for one CCLK period after data has been clocked in, although synchronous operation does
not require such a response.

. The pin name RDY/BUSY is a misnomer. In Synchronous Peripheral mode this is really an ACKNOWLEDGE signal.

. Note that data starts to shift-out serially on the DOUT pin 0.5 CCLK periods after it was loaded in parallel. Therefore,

additional CCLK pulses are clearty required after the last byte has been loaded.

W

Figure 60: Synchronous Peripheral Mode Programming Switching Characteristics
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Asynchronous Peripheral Mode
Write to FPGA

asynchronous Peripheral mode uses the trailing edge of
e logic AND condition ot W3 and T30 being Low and RS
and CS1 being High o accept byte-wide data from a micro-

yrocessor bus. In the lead FPGA, this data is loaded into a

jouble-buffered UART-like paralle!-to-serial converter and
s serially shifted into the internal logic.

The lead FPGA presents the preamble data (and all data

‘hat overflows the lead device) on its DOUT pin. The RDY/"

3USY output from the lead FPGA acts as a handshake sig-
1al to the microprocessor. RDY/BUSY goes Low when a
Jyte has been received. and goes High again when the
Jyte-wide input buffer has transferred its information into
the shift register, and the buffer is ready to receive new
jata. A new write may be started immediately, as soon as
the RDY/BUSY output has gone Low, acknowledging
receipt of the previous data. Write may not be terminated
until RDY/BUSY is High again for one CCLK period. Note
that RDY/BUSY is pulled High with a high-impedance pull-
up prior to INIT going High.

The length of the BUSY signal depends on the activity in
the UART. If the shift register was empty when the new
byte was received, the BUSY signal fasts for only two CCLK
periods. If the shift register was still full when the new byte
was received, the BUSY signal can be as long as nine
CCLK periods.

Note that after the last byte has been entered, only seven of
its bits are shifted out. CCLK remains High with DOUT
equal to bit 6 (the next-to-last bit) of the last byte entered.

The READY/BUSY handshake can be ignored if the delay
from any one Write to the end of the next Write is guaran-
teed to be longer than 10 CCLK periods.

Status Read . ‘

The logic’ AND condition of the T30, CS1and R3S inputs
puts the device status on the Data bus.

» D7 High indicates Ready
* D7 Low indicates Busy
¢ DO through D6 go unconditionally High

It is mandatory that the whole start-up sequence be started
and completed by one byte-wide input. Otherwise, the pins
used as Write Strobe or Chip Enable might become active
outputs and interfere with the final byte -transfer. If this
transfer does not occur, the start-up sequence is not com-
pleted all the way to the finish (point F in Figure .4\9 on page
61).

In this case, at worst, the internal reset is not released. At
best, Readback and Boundary Scan are inhibited. The
length-count value, as generated by MakeBits and
MakePROM. ensures that these problems never occur,

Although RDY/BUSY is brought out as a separate signal,
microprocessors can more easily read this information on
one of the data fines. For this purpose, D7 represents the
RDY/BUSY status when RS is Low, W3 is High, and the
two chip select lines are both active.

Asynchronous Peripheral mode is selected by a <1015 on
the mode pins (M2, M1, M0).

e
wc‘ a % NG —
| l: [
"y LA “2 o w M2
DATA 8
—_—  dbor co
aus OPTIONAL e
DAISY .CHAINED
( FoGAs
e oour o [17) of S
vee __| aooness b
; soomess | | oxcooe XCA000€/EX
4 ws) v C ASYNCHRO- XC4000E/EX
; NOus SLAVE
,
el fera — CS‘PER"’HERAL
-
conraay, | AOYBUSY ‘
SiGNaLs ] —_ _—
wit = wnt
' ¥
e oowe
aeonpeA J— —_
. i . SROGRA PAOGRAN
et , { |
x8698

Figure 61: Asynchronous Peripheral Mode Clrcuit Diagram
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Write 10 LCA - Read Status
A3, T35
: , {
mow Y N V] mos
Tca .
7N
— | 1 od T - —rn —ni
(D) 1o @ reo O ©
T vk DD St £5 ;La YA
CoLK '-'T ‘-‘ B —— \_/(_\_/——\_/—\_
Twrasl\ 2 M \
I @ Tausv N\
RDY/BUSY ',' b A[ -
oouT X Pravious Byte D6 X o7 X oo X 01 x 02 Y,
X6097
*
| R i Description K Symbol Min , Max . Units
| Effective Wnte time Lot Tca 100 ' ns
Wit 1(C50, WS=Low; RS, CS1=High) ! : \ :
% e IDIN setup tme R Vo = : 60 ns
! IDIN hold time i 3 . Teo 0 ns
e [RDY/BUSY delay after end of i 4 ’ Twrre ‘ 60 ns
l Wnte or Read | . {
‘ ROY RDY/BUSY active after beginning 7 l " 60 ns
l of Read | '
| 'RDY/BUSY Low output (Note 4) 6 | Teusv 2 -9 CCLK
| | periods
Notes: 1. Configuration must be delayed until the TNIT pins of all daisy-chained FPGAs are High.

2. The time Irom the end of WS to CCLK cycle for the new byte of data depends on the completion of previous byte processing

&L

and the ohase of the internal timing generator for CCLK.

. CCLK and DOUT timing Is tested in slave mode.
. Taugy ndicates that the double-buffered parallel-to-serial converter is not yet ready to receive new data. The shortest Taygy

occurs when a byte is loaded into an empty parallel-to-serial converter. Tha longest Tgygy occurs when a new word is
loaded ‘nto the input register before the second-level butter Has started shifting out data.

This timing diagram shows very relaxed requirements. Data need not be held beyond the rising edge of WS. RDY/BUSY will
go active within 20 ns after the end of W5. A new write may be asserted immediately after RDY/BUSY goes Low. but write
may not be terminated until RDY/BUSY has been Hugh for one CCLK period.

Figure 62: Asynchronous Peripheral Mode Programming Switching Characteristics
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Express Mode (XC4000EX only)

Express mode Is similar to Stave Sarial mode, except that
data is processed one byte per CCLK cycle instead of one
bit per CCLK cycle. An external source is used to drive
CCLK, while byte-wide data is loaded directly into the con-
figuration data shift registers. A CCLK frequency of 1 MHz
is equivalent to a 8 MHz serial rate, because eight bits of
configuration data are loaded per CCLK cycle. Express
mode does not support CRC error checking, but does sup-
port constant-field error checking. .

In Express mode, an external signal drives the CCLK input
of the FPGA device. The first byte of parallel configuration
data must be available at the D inputs of the FPGA a short
setup time before the second rising CCLK edge. Subse-
quent data bytes are clocked in on each consecutive rising
CCLK edge.

Express mode is only. supported by the XC4000EX and
XC5200 families. it may not be used, therefore, when an
XCA4000EX or XC5200 device is daisy-chained with
devices from other Xilinx families.

It the,first device is configured in Express mode, additional
devices may be daisy-chained only if every device in the
chain is also configured in Express mode. CCLK pins are
tied together and DO-D7 pins are tied together for all
devices along the chain. A status signal is passed from
DOUT to CS1 of successive devices along the chain. The
toad device in the chain has its CS1 input tied High (or float-
ing, since there is an internal pullup). Frame data is
accepted only when CS1 is High and the device’s configu-
ration memory is not already full. The status pin DOUT is
pulled Low two internal-oscillator cycles after INTT is recog-

nized as High, and remains Low until the device’s configu-
ration memory is full. DOUT is then pulled High to signal
the next device in the chain to accept the configuration data
onthe DO-D7bus. |, ° f

The DONE pins of all devices in the chain should be tied
together, with one or more active internal pull-ups. If a
large number of devices are included in the chain, deacti-
vate some of the internal pull-ups, since the Low-driving
DONE pin of the last device in the chain must sink the cur-
rent from all puli-ups in the chain. The DONE pull-up is
activated by default. It can be deactivated using a Make-
Bits option. :

XC4000EX devices in Express mode are always synchro-
nized to DONE. The device becomes active after DONE
goes High. DONE is an open-drain output. With the DONE
pins tied together, therefore, the external” DONE signal
stays low until all devices are configured, then'all devices in
the daisy chain become active simultaneously. If the DONE
pin of a device is left unconnected, the device becomes
active as soon as that device has been configured.
XC5200 devices in the chain should be configured as syn-
chronized to DONE (MakeBits option 'CCLK_SYNC or
UCLK_SYNC), and their DONE piné wired together with
those of the XC4000EX devices..

Express mode must be specified as an option to the Make-
Bits program, which generates the bitstream. The Express
mode bitstream is not compatible with the other six config-
uration modaes.

Express mode is selected by a <010> on the mode pins
(M2, M1, MO).

; * Vee
‘ ) NOTE:
: ] W2, U1, MO can be shorted
} | %0 Ground # not used a3 1O
' l ] 470 2
1 1 <
. i i
' 0 ; ! : ]L + l To Aggtionst
. MO Mt M2 wo o a W I, Qoronal
gl Dassy-Chaned
! l Oaviens
—>{ cst oour cst oout !
DATABUS % o o 0007 Lt po.07
vee Optional
i KCAO00EX Dslsy-Chained
ol XC5200 XCAD00EX/
3 % XC5200
PROGAAM mme——mnmt—eeeetd PROGRAM SROGAAM
— ' — —
Nt ——-——‘o—-—o—- (L1 g DONE et $NIT DONE j——q
[ . !
‘ cow i 1 cewx i
it )
i — ! i
| | | H
! ‘ 7o angnons
l . Cononat
cowx i Dagy-Chned
? Davces

.10

Figure 63;: Express Mode Circuit Diagram
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| Description Symbol -~ Min Max Units

INIT (High) setup time ! Tic - us

DO - D7 setup time Toc . ns ¢

DO - D7 hold time 1}:0 0 ns
ceLK CCLK High time I TceH - ns

CCLK Low time i TeoL - ns

CCLK Frequency ! Fce - MHz

Preliminary

CCLK

3)

LU

¢

iNIT

Do-07

N O———

? oouT ——J t—_‘
b )
Y FPGA Filled

<+— Internal INIT

ROY/BUSY

cs1

Note: If not driven by the preceding DOUT, CS1 must remain High until the device is fully configured.

Figure 64: Express Mode Programming Switching Characteristics
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XC4000E Switching Characteristics -

Definition of Terms

In the following tables, some specifications may be designated as Advance or Prelimina:'y. These terms are defined ts
follows: .

Advance: Initial estimates based on simulation and/or extrapolation from othet speed grades, devices. or device
families. Use as estimates, not for production.

Preliminary: Based on preliminary characterization. Further changes are not expected.

Unmarked: ' Specifications not identified as either Advance or Preliminary are to be considered Final.!

XC4000E Operating Conditions

Symbol Description Min Max Units

Vee Supply voltage relative to GND, Ty=-0°Cto +85°C Commercial 475 5.25 \

Supply voltage relative to GND, T, =-40°C to +100°C _|Industrial 4.5 5.5\ Vv

Supply voltage relative to GND, T¢ = -55°C to +125°C  |Military 45 5.5 \

Viy High-level input voltage TTL inputs 2.0 Veo v
CMOS inputs 70% | 100% | Vec

Vi Low-level input voltage TTL inputs 0 0.8 \4
, CMOS inputs 0 20% Vee

Tin Input signal transition time (Note 2) 250 ns

Note 1: Al junction temperatures above those listed as Operating Conditions, alf delay parameters increase by 0.35% per °C.
Note 2: Typical value only. Not tested or characterized. b
Note 3; Inout and output measurement thresholds for TTL are 1.5 V. Input and output measurement thresholds for CMOS are 2.5 V.

XC4000E DC Characteristics Over Operating Conditions

Symbol Description . Min Max Units
Vou High-leve! output valtage @ lgy = -4.0mA, Ve min TTL outputs 24 v
High-level output voltage @ lqy = -1.0mA, Ve min CMOS outputs Vee-0.5 \Y
VoL Low-level output voltage @ Ig = 12.0mA, Ve min TTL outputs 0.4 v
(Note 1) CMQOS outputs ' 0.4 Y
lcco Quiescent FPGA supply current (Note 2) TTL input levels 10 mA
' CMOS input levels 1 mA
L Inout or output leakage current -10 -10 A
Cin Input capacitance (sample tested) PQFP and MQFP 10 pF
packages
. Other packages 16 pF .
lain Pad pull-up (when selected) @ Vi = OV (sample tested) 0.02 0.25 mA
lrLL Honzontal Longline pull-up (when selected) @ logic Low 0.2 2.5 mA

Note 1: With 50% of the outputs simultaneously sinking 12mA, up to a maximum of 64 oir.\s.

Note 2: With no output current loads, no active input or Longline putl-up resistors, all package pins at Vec or GND, and the FPGA
configured with a MakeBits Tie option.

1. Notwithstanding the definition of the above terms, all specifications are subject to change without notice.
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XC4000E Absolute Maximum Ratings -

Symbol Description Units
Vee Supply voltage relative to GND . -0.510 +7.0 4
Vin Input voitage relative to GND (Note 1) . -0.5to Vgg +0.5 \
Vrg Voltage applied to 3-state output (Note 1) . -0.5 to V¢ +0.5 v
Tste Storage temperature (ambient) - -65to +150 °C
Tsot Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) +260 °C
Ty Junction temperature Ceramic packages +150 °C

Plastic packages +125 °C

Note 1:  Maximum DC overshoot or undershoot above Vce or below GND must be limited to either 0.5 V or 10 mA, whichever is
easier 1o achieve. During transitions, the device pins may undershoot to -2.0 V or overshoot to Vcc + 2.0V, provided this
over- or undershoot 1asts less than 20 ns.

Note 2:  Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are
strass ratings only, and functional operation of the device at these or any other conditions bayond those listed under
Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of thme may
affect device refiability. \

Y

XC4000E Program Readback Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functipnally tested. Internal timing parameters are not measured directly. They are derived from benchmark timing patterns
that are taken at device introduction, prior to any process improvements.

The following guidelines reflect worst-case values over the recommended operating conditions.
Fivsrag ——/—— = 4
intamal Net
i 1 AL )
rabk. TRIG // 7 // \ N’ { )r 4
y:'facm‘i

. MR
—
Tarac ) .
L = .
' ;
Z)TncL-L—Ot——LTgcu@ . :
. Fa L ¢
4 &
rdbk R'P
AN 4 ® ~
Tacan >~

.. 4.
bk DATA ‘ t ouMMY K oummy X ‘IALIDX vauwo |/ ) \
i
T

Tacro /7

\/’ w“w™m
‘Description Symbol i Min | Max Units .

rdbk. TRIG -rdbk. TRIG setup i ' i Tarrc | 200 i - i ns
rdbk. TRIG hold ‘ 2% Tacar | 50 i . ons

! rdbk.TRIG Low to abort Readback | 3 | Tap | - 100 ' - ns

rdctk. 1 “rdbk.DATA delay |7 \ Tacro | - 250 | ns
‘rdbk.RIP delay | 6 | Trcar | . 250 ns
High time ., S TReH | 250 500 ns
Low time P4 Thct | 250 500 ng

Note 1: Timing parameters apply to all speed grades.
Note 2: il rdbk.TRIG is High prior to Firished. Finished will trigger the first Readback.
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XC4000E 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. Internal timing parameters are not measured directly. They are derived from benchmark timing pattefs

e S

e

— T

Ll

that are taken at device introduction, prior to any process improvements. For more detalled, more precise, and more up-?c;-

date information, use the values provided by the XACT timing calculator and used in the simulator. These values can be
printed in tabular format by running LCA2XNF -S,
The following guidelines reflect worst-case values over the recommended operating conditions.

i Speed Grade -4 3 -2
i Description 1 Symbol | Device Max Max Max Units
:Full length, both puli-ups, Twar XC4003E 9.2 5.0 43 ns
inputs from 108 I-pins XC4005E 9.5 6.0 5.1 ns '
i XC4p06E 12.0 7.0 6.2 ns
| XCa008E 12.5 8.0 7.0 ns
l XC4010E 15.0 9.0 8.1 ns
! XC4013E 16.0 11.0 9.9 ns
f i XCA4020E 17.0 13.9 12.5 ns
N ' XC4025€ 18.0 16.9 152 ns
Full length, both pull-ups, TwarL XC4003E 12.0 7.0 6.0 ns
inputs from internal logic XC4005E 12.5 8.0 6.8 ns
XC4006E 14.0 9.0 7.9 ns
[ ? i XC4008E 16.0 10.0 8.8 ns
: ! XC4010€E 18.0 11.0 9.7 ns
! XC4013E 19.0 13.0 11.7 ns
. XC4020E 20.0 15.5 140 ns
i XC4025E 21.0 18.9 17.0 ns
‘Half length, one puli-up, Twao XC4003E 10.5 6.0 5.4 ns
inputs from 108 I-pins XC400SE 10.5 7.0 6.0 ns
: XC4006E 13.5 8.0 6.8 ns
. XC4008E 14,0 9.0 7.9 ns
: i XC4010E 16.0 10.0 -8.8 ns
XC4013E 17.0 12.0 10.8 ns
| ; XC4020E 18.0 15.0 135 ns
3 XC4025E 19.0 17.6 15.8 ns
.Half length, one pull-up, 1 TwaoL XC4003E 12.0 8.0 €.8 ns
inputs from intemal logic XC4005€ 12,5 9.0 7.7 ns
" XC4006& 14.0 10.0 3.5 ns
' XC4008E 16.0 11.0 9.4 ns
| XC4010E 18.0 120 10.2 ns
| | XC4013E 19.0 14.0 1.9 ns
' [ XC4020E 20.0 16.8 143 ns
' | XC4025E 21.0 19.6 16.7 ns
ADVANCE

Note 1: These vaiues include a minimum load. The values reported by LCA2XNF .S include only a portion of this delay, therefore
the values cannot be directly compared. Use XDelay to'determine the delay for each destination.

Note 2: Thesa delays are specified from the decoder input to the decoder output. For pin-to-pin del
and outout delay (Topr of Topg). as listed under *1OB Switching Characteristic Guidelines

ays. add the input delay (Tpip)
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XC4000E Global Buffer 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. Internal timing parameters are not measured directly. They are derived from benchmark timing patterns
that are taken at device introduction, prior to any process improvements. For more detailed, more precise, and more up-to-
date information, use the values provided by the XACT timing caiculator and used in the simulator. These values can be
printed in tabular format by running LCA2XNF -S.
The following guidelines reflect worst-case values over the recommended operating conditions.

f Speed Grade -4 -3 -2
| Description | Symbol | Device Max Max Max Units
iFrom pad through Tra XC4003E 7.0 4.7 4.0 ns
{Primary buffer, XC4005E 7.0 4.7 4.0 ns
to any clock K XCA4006E 7.5 5.3 45 ns !
} XC4008E 8.0 6.1 5.2 ns
i XC4010E 11.0 6.3 5.4 ns
1 XC4013E 1.5 6.8 5.8 ns
| XC4020E 12.0 7.0 6.2 ns
| XC4025€ 125 72 6.3 ns
iFrom pad through Tsa XC4003E 7.5 5.2 44 ns
|Secondary buffer, XC4005E 7.5 5.2 4.4 ns
{to any clock K XC4006E 8.0 5.8 4.9 ns
'l XC4008E 8.5 6.6 5.6 ns
i XC4010E 11.5 6.8 5.8 ns
i XC4013E 12.0 7.3 6.2 ns
' XC4020E 12.5 7.5 6.6 ns
{ | XC4025€ 13.0 - 6.8 ns
ADVANCE
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XC4000E Guaranteed Input and Output Parameters (Pin-to-Pin, TTL I/O)

All values listed below are tested directly, and guaranteed over the operating conditions. The same parameters can alsqbe
derived indirectly from the 108 and Global Buffer specifications. The XACT delay. calculator uses this indirect meta)d..
When there is a discrepancy between the two methods, the values listed below should be used. and the derived values must
be ignored. All values are expressed in units of nanoseconds.

Speed Grade -4 -3 -2
Description | Symbol | Device !
Global Clock to Output Tickoe . XC4003E 125 | 10.2 8.7
' ina OFF ' XC4005E, 14,0 10.7 9.1
(fast) using O | XC4006E s 1 107 9.1
I XCA008E 150 ! 10.8 9.2
- o |3 1 (Max) XCA010E 16.0 10.9 9.3
b : XC4013€E 16.5 11.0 9.4
Glonw Clock-o-Outped Oy s ‘ XC4020E 17.0 ! 11.0 9.4
e | XCAD25E 17.0 12.6 10.7
Global Clock to Output Ticko XC4003E 16.5 ; 14.0 1.5 o
lew-limited) using OFF XGA005E . 147 120
(s ) using 4 XC4006E 18.5 147 12.0
i XC4008E 19.0 14.8 12.1
- o = | (Max) XC4010E 20.0 14.9 12.2
: XC4013E 20.5 15.0 12.8
Slobet Cinev 10-OrAot Deay . XC4020E 21.0 15.1 12.8
e XC402SE 210 . 15.3 13.0
Input Setup Time, using IFF ! Tesur XC4003€ 2.5 2.3 23
(no deldy) : XC4005E 2.0 1.2 1.2
! XC4006E 1.9 1.0 1.0
>l - XC4008E 14 . 06 0.6
_mout ¥ {Min) XC4010E 1.0 0.2 0.2
e Ty . XC4013E 0.5 0 0
R ek P XC4020€ 0 0 0
I XC4025E 0 0 0
Input Hold Time, using IFF Teur XC4003€E 4.0 \ 4.0 4.0
(no delay) XC400SE LY 45 45
a XC4006E 5.0 47 4.7
>t | \ XC4008E 6.0 5.1 5.1
eou 2 ] (Min) XC4010E 6.0 5.5 5.5
St -2 - | XC4013E 7.0 6.5 5.5
LR S | XC4020E "5 6.7 5.7
. XC4025E 8.0 7.0 5.9
inout Setup Time, using IFF Tesu XC4003E 8.5 7.0 6.0
(with delay) [ XC4005E 8.5 7.0 6.0
: XC4006E 8.5 7.0 6.0
> =0 b ' XC4008E T o8s 7.0 5.0 \
o . © (Min) XC4010E 85 7.0 6.0 .
-l - . XC4013E 8.5 7.0 6.0
Ty D D> i XC4020€ 9.5 7.0 6.0
L XC4025E 9.5 76 6.5
i i -
Input Hold Time. using IFF i Tew XC4003E 0 0 0
{with delay) i XC4005E 0 0 0
i XC4006E 0 0 0
' TS P P ) XCH4008E 0 0 0
e . (Min) XC4010E 0 - 0 0
v - \ XC4013E 0 0 0
e > P XC4020E 0 0 0
. XC41025€ 0 0 0
QOFF = Qutput Flio-Flop IFF = Input Flip4iop or Latch ADVANCE




[ S

T

XC4000 Serles Fleid Programmable Gate Arrays

197

o

XC4000E 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. Internal timing parameters are not measured directly. They are derived from benchmark timing patter

that are taken at device introduction, prior to any process improvements. For more detailed, more precise, and more up-to-
date information, use the values provided by the XACT timing calculator and used in the simulator. These values can be

e e

E —

printed in tabular format by running LCA2XNF -S.

The following guidelines reflect worst-case values over the recommended operating conditions.

Speed Grade -4 -3 -2
Description Symbol | Device Max Max Max Units

TBUF driving a Horizontal Longline Tioy | XC4003E 5.0 4.2 3.4 ns

(LL): XC4005E 5.0 5.0 4.0 ns

I going High or Low to LL going High or ég:gggg gtg Zg g‘g ::

Low, while T is Low. XC4010E 8.0 6.4 5.1 ns

BuHer is constantly active. XC4013E 9.0 7.2 5.7 ns

Note1 XCA020E 10.0 8.2 6.6 ns

(Notet)

XC4025E 11.0 9.1 7.3 ‘lons

| going Low to LL going from resistive Tio2 XC4003E 5.0 42 3.6 ns

pull-up High to active Low. ig‘:gggg _‘}‘g g‘i g'i ns

. . . 8 . ns

TBUF configured as open-drain. XCA008E 81 6.8 58 ns

XC4010€ 10.5 6.9 5.9 ns

(Note1), XC4013E 11.0 7.7 6.5 ns

XC4020E 12,0 8.7 7.4 ns

XC4025E 12.0 9.6 8.2 ns

T going Low to LL going from resistive Ton XC4003E 5.5 4.6 3.9 ns

puli-up or floating High to active Low XC4005€ 7.0 5.0 54 ns

. p { XC4006E 75 6.7 3.7 ns

TBUF configured as open-drain or activel XCA008E 80 71 5.0 ns

butfer with I = Low. XC4010E 8.5 7.3 6.2 ns

XC4013E 8.7 7.5 6.4 ns

(Note1) XC4020E 11.0 8.4 7.1 ns

XC4025E 11.0 8.4 7.1 ns

'T going High to TBUF going inactive, | Togg |All devices 1.8 1.5 | J K ns
! notdriving LL !

1T going High to LL going from Lowto | Tpyg | XC4003E 20.0 14.0 11.9 ns

High, pulled up by a single resistor. ! XCA400SE | .23.0 16.0 136 ns

! an. p Y 9 i XC4006€E 25.0 18.0 15.3 ns

} e XC4008E 27.0 20.0 170 ns

i(Note 2) { XCA4010E 29.0 22,0 18.7 ns

i i XC4013E 32.0 26.0 22.1 l ns

1 ! XC4020E 35.0 32.5 27.6 | ns

l ; XC4025E 420 39.1 332 i ns

1T going High to LL going from Low to Tpyr | XC4003E 9.0 7.0 6.0 ns

High, pulled up by two resistors. XEAASE 10.0 8.0 6.8 ns

‘ o ¢ Py . XCA4006E 1.5 9.0 7.7 ns

f ‘ XC4008E 12,5 10.0 8.5 ns

i(Note1) XC4010E€ 13.5 11.0 9.4 ns

' ; XC4013E 15.0 13.0 11.0 ns

\ XC4020E 16.0 14.8 12.6 ns

: | XC4025E 18.0 16.5 14.0 ns

. ADVANCE

Note 1: These values include a minimum load. The values reported by LCA2XNF -S include only a portion of this delay, therefore
the values cannot be directly compared. Use XDelay to determina the delay for each destination.
Note 2: This value includes a minimum load. The value reported by LCA2XNF -S is increased to allow for ootentially heavy loading,

therefore the values cannot be directly compared. Use XDetay to determine the detay for each destination.
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XC4000E 0B Input Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 10‘%
functionally tested. Internal timing parameters are not measured directly. They are derived from benchmark timing patterns
that are taken at device introduction, prior to any process improvements. For more detailed, more precise, and more up-to-
date information. use the values provided by the XACT timing calculator and used in the simulator. These values can be

printed in tabular format by running LCA2XNF -S.

The following guidelines reflect worst-case values over the recommended operating conditions. They are expressed in units

of nanoseconds and apply to alt XC4000E devices unless otherwise noted.

Speed Grade -4 -3 -2
Description Symbol 1 Device Min Max Min Max Min Max
Setup Times (TTL Inputs) )
Pad to Clock {IK), nodelay  Tpick ‘Al devices | 4.0 2.6 1.7
with delay’ Tpickp XC4003E 10.9 8.2 5.5
1XC4005E 10.9 8.7 5.5
4 XC4006E 10.9 9.2 6.6
IXC4008E | 11.1 9.6 6.9
XC4010E 11.3 9.8 7.0
IXC4013€ | 11.8 10.2 7.3
1XC4020E 14.0 11.4 8.2
2 \XC4025E 14.0 11.4 8.2
(CMOS Inputs)
Pad to Clock (IK), nodelay Tpigke All devices| 6.0 3.3 2.4
with delay TP‘CKDC XC4003E 12.0 8.8 6.2
XC4005€ | 12.0 9.7 6.2
XC4006E | 12.3 9.9 7.3
; XC4008E | 12.8 10.3 7.6
XC4010E | 13.0 10.5 7.7
XC4013E | 13.5 109 8.0
XC4020E | 16.0 12.1 .8.9 !
XC4025E | 16.0 12.1 89 i
(TTL or CMOS) |
Clock Enable (EC) to Clock ' ‘
(1K), no delay i Tecik Alidevices| 3.5 2.5 2.0
. with delay Teckp | XC4003E | 10.4 8.1 5.6
XC4005€ | 10.4 8.5 5.6
XC4006E | 10.4 9.1 6.9 i
XC4008E | 10.4 9.5 7.2 |
XC4010€ | 10.7 9.7 7.3 1
XC4013E | 1114 10.1 7.6
XC4020E | 14.0 11.3 8.5
XC4025€ | 14.0 11.3 8.5
Global Set/Reset (Note 3) '
Delay. from GSR net TrAi 12.0 .78 i 6.8
through Qto 11,12 -t !
GSR width Tuaw 13.0 11.5 11.5 |
GSA inactive to first active Tumrr i
Clock (1K) edge |
ADVANCE '

Note 1:

Nole 3:  Timing is based on the XC4005E. For other devices see the XACT timing calculator.

Input pad setup and hold times are specified with respect to the internat clock (1K). For setuo and hold times with respect to
the clock input pin. see the pin-to-pin parameters in the Guaranteed Inout and Qutout Parameters table.
Note 2: Voliage levels of unused pads. bonded or unbonded. must be vahd logic levels. Each can be configured with the internal
pull-up (default) or pull-down resistor. or configured as a driven output, or can be driven from an external spurce.
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XC4000E 10B Input Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 1008
functionally tested. Internal timing parameters are not measured directly. They are derived from benchmark timing patter:
that are taken at device introduction. prior to any process improvements. For more detailed, mare precise, and more up-to-
date information, use the values provided by the XACT timing calculator and used in the simulator. These values can be
printed in tabular format by running LCA2XNF -S. ’

The following guidelines reflect worst-case values over the recommended operating conditions. They are expressed in units
of nanoseconds and apply to all XC4000E devices unless otherwise noted.

Speed Grade -4 -3 -2
Description Symbol | Device Min | Max | Min | Max | Min - Max
Propagation Delays
(TTL Inputs) !
Padto 1,12 iTeip All devices 3.0 2.5 2.0
Pad to I1, 12 via transparent ! \
fatch, no delay g Tey  |All devices 4.8 36 36 o
with delay Teoy | XC4003E 10.4 9.3 7.0
! XC4005E 10.8 9.6 7.3
: XC4006€ 10.8 10.2 7.8
i XC4008E 10.8 10.6 8.1
* XC4010E 11.0 10.8 8.2
' XCA4013E 1.4 11.2 8.5
XC4020E 13.8 12.4 9.5
: XC4025E 13.8 L 13.7 9.5
(CMOS Inputs) !
Pad to i1, 12 Toipe {All devices 5.5 41 3.7
Pad to 11, 12 via transparent {
latch. no delay Tpuc ! All devices 8.8 6.8 6.2 i
with delay TpoLic | XC4003E 16.5 12.4 11.0
, XC4005€ 16.5 153.2 . 11.9
' XC4006E 16.8 13.4 121 i
} XC4008E 17.3 13.8 124 '
. XC4010E 175 14.0 12,6
| XC4013E 18.0 14.4 13.0 g
, XC4020€E 208 | . 15.6 14.0- 1
! XC4025E 208 15.6 14.0 .
(TTL or CMOS) . i
Clock {IK) to 11, 12 (flip-flop) Tikal All devices 5.6 2.8 2.8 '
Clock (1K) to 11. 12
(lalch enable. active Low}  Tyq, ' All devices 6.2 4.0 3.9 .
Hold Times (Note 1) . |
Pad to Clock (1K), no delay Tikpr Al devices| 0 0 0 )
with delay Txeip Al devices| 0 0 0 '
Clock Enable (EC) to Clock (IK). _ !
no delay Tikec All devices| 1.5 .- 15 0.9
with delay Tieco All devices| 0 0 0 }
ADVANCE
Note 1: Inout pad setup and hold times are specified with respect to the internal clock (1K), For setuo and hold limes with respect to

. the clock input pin. see the pin-to-pin paramaeters in the Guaranteed Input and Qutout Parameters table.
Note 2: Voltage levels of unused pads, bonded or unbonded. must be valid logic levels. Each can be configured with the internal
pull-uo (default) or pull-down resistor, or configured as a driven oulput, or can be driven from an external source.
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Pin Locations for XC4010E/L Devices

'xcaot0en|| Pc | PQ | TQ PGIF;'%/ BG |Bndry
 Pad Name|| 84 | 160 | 176 191 lzoa 225 | Scan
vcC P2 [P142|P155| J4 'P183| D8 | -
/0 (AB) P3 |P143|P156| J3 |P184] E8 | 62
110 (A9) P4 {P144[P157| J2 [P185] B7 | 65
110 P1a5|P158| J1 |P186i A7 | 68
) T |P146|{P159] H1 |P187) C7 | T1
110 - |P160| H2 P188] D7 | 74
110 - 1 - |P161] H3 |P1891 E7 | 77
O (A10) || P5 |P147|{P162] G1 |P190! A6 | 80
VO (A11) || P6 |P148|P163| G2 |P191| B6 | 83
110 - |P149|P164| F1 {P192] A5 | 86
170 - |P150|P165] E1 |P193| B5 | 89
GND - |P1511P166] G3 'P194IGND*| -
110 - - - | Fa'P1g5| D6 | 92
170 . - |P167| DY (P1961 C5 | 95
110 - |P152|P168| C1 |P197] A4 | 98
o’ - 'P153/P169} E2 |P198! E6 | 101
VO (A12) || P7 [P154iP170{ F3 {P199] B4 | 104 |
17O (A13) || P8 |P155|P171] D2 {P200! D5 i 107 :
170 - .P156|P172! B1 .P201/ B3 : 110 .
) - 'P157{P173| E3 ;P202| F6 | 113
VO (A14) || P9 P158|P174] C2 IP203] A2 ! 116 !
170, SGCK1|| P10 {P159]P175| B2 !P204! C3 | 119 |
(A15) | < | ! ]
vCcC P11.P160/P176] D3 ;P205i B2 |

GND P12 P1 T PT D4 P2] ALY - |
VO, PGCKI[[P131 P2 P2 | C3 | P4 | D4 | 122
(A16) L | i |

WO (A17) [[P141 P3 /P3| C4 | PS5 i BI + 125 !
Ie) - P4, P4|B3!P6|'C2i 128
170 - P5(P5{C5 P7 | E5 | 131!
110, TD! P15 P6 . P6; A2 ' P8 D3 | 134 |
O, TCK |[P16 P7 ,P7 184 P9 CI i 137
176) P8 P8 ; C6 |P10i D2 | 140 .
17O P9 | P9 | A3 IP11] G6 | 143 |
10 - i - | BS[P12i E4 | 146
I7e) - -, - | B6{P13] D1 | 149
GND - P10 P10| C7 | P14 |GNDT -
Vo - P11iP11| A4 [P15] F5 ! 152
110 - P12'P12| A5 {P16] E1 , 155 :
70, TMS |[P17 P13 P13| B7 !P17| Fd4 . 158 |
17O P18 P14 P14| A6 |P181 F3 ' 161 ,
70 -~ 1Pi5| C8 |P191 G4 1 164 |
170 - 'P16] A7 P20 G3 : 167 i
110 "P151P171 B8 [P211 G2 170 |
o 'P16 | P18| A8 {P22| G1 ' 173 |

xcaot0en|| pc | pa | Ta | PG :%’ BG |Bndry
Pad Name|| 84 | 160 | 176 | 191 | , o | 225 | Scan
170 P19|P17|P19] B9 | P23| G5 1751
o) P20 | P18 | P20| C9 | P24} H3 | 179
GND P21 [P19 | P21 | D9 | P25 ] H2 -

VCC P22 P20 | P22 | D10 | P26 | H1 B

/O P23 | P21 | P23 | Cl0| P27 | H4 | 182
110 P24 { P22 P24 [B10[P28| H5 | 185
1710 - |P23|P2s| A9 [P29| J2 | 188
170 - [P2a|P26|A10[P30| J1 | 191

110 -t - P27 A11|P31| J3 | 194
I7e) .1 - |[P2s{Cti1|{P32] J4 | 197
110 P25 P25 | P29 [B11 | P33 | K2 | 200
170 P26 | P26 | P30 | A12 | P34 | K3 | 203
1le) - [ P271P31|B12|P35] J6.{ 206
I7e) - P28 | P32 A13[P36| L1 | 209
GND - P29 |P33]|C12| P37 |GND*| -

I7e) . . |B13]P38| L3 | 212
110 - . - |A14| P39} M1:| 215
/0 . P30]P34|A15{Pa0]| K5 | 218
o "P31[P35[C13| P4t | M2 | 221
170 P27 P32[P36|B14 P42| L4 | 224
Ze) P33 P37 | A16!1 P43 N1 ; 227
110 - P341!P38|B15i P44 | M3 | 230
110 - iP35[P39|C14|P45| N2 | 233
7o) P28 1 P36 | P40 | A17 | P46 K6 | 236
/0, SCGK2|| P29 » P37 | P41 [ B16 | P47 | P1 | 239
O (M1) P30 P38 | P42 | C15| P48 | N3 | 242
GND P31 P39 | P43|D15| P49 |GND*| -

1 {MO) P32 P40 | P44 | A18 1 PS5O P2 | 245
VCC P33 1 P41 | P45 | D16 1 P55 R1 -

1 (M2) P34 P42 P46 | C16| P56 M4 | 246
/0, PGCK2|| P35 P43 | P47 (B17 | P57 R2 | 247
(/O (HDC) [[P36 P44 | P48 |E16|PSB' P3 | 250
0 - ,P451P49|C17 P59 L5 | 253
%) . (P46 | PSO|D17|PEO| N4 | 256
110 - |P4a7|Pst|B18l P61 R3 | 259
110 (CDC) |{P37 "P4B | P52 ! E17 ! P62 P4 | 262
I%s) - P49 | P53|F16| P63 K7 | 265
I7) - "P50] P54 | C181P64; M5 | 268
o . - | - |Di8lP651 R4 | 271
ITe} - | (F17 | P86 1 N5 | 274
GND - P51|P55|G16| P67 'GND*| -

77e) - P52|{P56|E18|P681 R5 | 277
I7) - P531P57 | F18| P69 M6 | 280
/0 P38 1 PS4 | P58 | G171 P70 ! N6 | 283
176} P39 P55{PS591G18! P71 P6 | 286
) . - | P60 IH16 [ P72 R6 | 289
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o/ PO/ !
xcao10en]| pC | Pa | Ta | PG | 12| BG (Bndry|  |XC4010EA| PC | PQ | TQ | PG | Lo | BG |Bndryl
Pad Name|| 84 | 160 ; 176 | 191 225 | Scan Pad Name|| 84 | 160 | 176 | 191 225 | Segn'

208 i . 208 |4
70 |~ P61 |n17|P73| M7 | 292 O (C80) || P60 | P95 IP103| V12 (P123] J12 | 406
7o (P56 (P62 |H18 | P74 | A7 | 295 ) | - [P104| T11 [Pi24] Ji3 | 409
7o T[Ps7|Pea|Ji8 |P75| L7 | 298 | (O - [ - |P105|Ul1|P125| J14 | 412
70 Pa0 | PS8 | P64 | Ji7 | P76 | N8 | 301 ) | P56 |P106| Vi1 [P126] J15 | 415
VO (NIT) |[P41| P59 | P65 | J16 | P77 | P8 | 304 o T P97 [Pi07| VA0 [Pi27| J11 | 418
VCC P43 | P60 | P66 | Ji5 | P78 | RB | - VO (Da) |[P61 | P98 [P108| UT0 |P128| H13 | 421 |
GND P43 | P61 | P67 |K15|P79| M8 | - 7o P62 | P99 |P109| T10 |P129] H14 | 424
7S Paa | P62 | P68 |K16|PBO| U8 307 |  'VCC P63 |P100|P110| R10 |P130] 15| -
710 Pas | P63 | P69 | K17 | P81 | P9 , 310 "GND P64 [P101|P111] A9 |P131|GND"| -
70 T {P64 (P70 | Kig | P82 | R9 | 313 VO (D3) || P65 |P102|P112| T9 |P132| A2 | 427
Vo P65 P71 |16 | P83 | No | 316 | WO (RS) || P66 |P103|[P113] US |P133[ H11 | 430
o T [P72|L17 | PB4 | M9 | 319 o - |P104|P114] V9 |P134| G4 | 433 |
O T | - .[P73|L16|P85| L9 | 322 o) - |P105|P115] V8 |P135| G15 | 436 |
Vo P46 | P66 | P74 [M18| P86 | N10 | 325 : .10 -~ | - |P116] U8 [P136] G13 | 439
[e) P47 | P67 | P75 |M17| P87 | K3 . 328 | (/O ~ [ - |P1i7| T8 |P137| Gi2 | 442
e - P68 [P76| N1 | P88 | A11 | 331 | 'O (D2) ||P67 |P106|P118| V7 [P138| G11 | 445
o - | P69 1 P77 P18 | P8I | P11 334 | 1O P68 |P107!P119] U7 |P139| F15 | 448
GND TF70 | P78 |[M16| P90 |GND"] - | /O - |P108[P120] V6 |P140| Fi4 | 451 |
o [ = 1 - |Ni7jpoil[Riz] 337 | UG F109|P121| UB |P141] FI3 | 454 |
0 ~ T | - |R1B|P92| L10_340 ;  GND Pi10IP122] 17 (P142|GND"| -
70 T P71(P79| 718 | P93 | P12, 343 | WO T - | - | V5 P143| E13 | 457
7O - | P72| P80 [P17| P94 [M11| 346 | WO =\ - | - | V4 |P144| D15 | 460 |
7o P48 | P73 | PB1 | N16 | P95 | A13 | 349 | (/O = [P111|P123] US [P145| FiT | 463
7S] Pag | P74 | P82 | 117 | P96 | N12| 352 |  W/O 1P112|P124| T6 (P146] D14 | 466 |
o T P75 P83 [RI7| P97 | P13 355 , WO (D1) ||P69 |P113(P1251 V3 [P14T| E12 | 469
o = | P76 P84 | P16 | PSB| K10, 358 | (WO (ACLK. |[P70 Pi14|P126| V2 P148| CT5 | 472 |
70 P50 | P77 | P85 | U1B | P99 | R14 | 361 iROY/ | l
170, SGCKJ| (P51 | P78 | P86 | 116 |P100] N13 | 364 | {BUSY) x ;
iGND P52lp79|P87 Ri6 |P101 GND': Y IVO - P115P127! U4 P_149 D13 478% :
DONE || P53 P80 | P88 | UT7 |P103| P14 | - o -_|P116lP128| T5 [P150] C14 | 478
VCC P5a P81 | P89 | R15 lp106 R15 | ..‘“/O P71 iP117|P129] U3 'IP151| F10 | 481
BROGRAN| P55 P62 . P90 [Vig |pioal M1z | = 1 (00.ON) '
WO(OT ||P56 P83 P91l T15 P10 P15 367 2:’&58%“4 P72, Pus P130|l T4 1B asd
: : . |
Cea IS 1L Thaa s L L
[ P86 | P94 1UTS |P112] M13 | 376 se Bt ] -
S e K w o
o TP88 | P96 | V16 IP114| L2 | 382 ‘ :
70 P9 P97 | T13 [PT15 M15 | 385 | II(/AOO.WS) P77 |P123[P135| T3 glp1s1. At4| 2
o P90 ! P98 | U4 IP116] L13 . 368 /0. PGCK4|| P78 |P124|P136| U1 1P162: B13 | 5
) : VIS P17 L4 391 ¢ (aq) ! |
Vo [Vi4 P11l K11 394 75 - 'Pi25|P137| P3 ,P163. E11 | 8
1GND P91 _P991T12 P119IGND" - 70 - [P126]P138] R2 P164! C12 | 11 |
o P92 P100] U3 |P120] K13 397 o P79 |P127|P139] T2 |P165 A13 | 14
i70 P93 :P101] V13 IP121] K14 ' 400 ,  (CS1, A2) { f
VO (D5) _||P59 " P94 iP1021 UT2 [P122] K151 403 |  VO(AJ) ||P80 |P128(P140| NG 1P166! B12 | 17
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XCA000 Series Fiald Programmable Gate Arrays

Additional No Connect (N.C.) Connections on PQ/

Ixcavioen]| pc | Pa | Ta | pa | %) BG |Bndry|  ha208E BG225 Packages
E Pad Name|| 84 | 160 '176 | 191 225 | Scan .
! | 208 PQ/HQ208 | BG225
:l/O - 1p129|P141} P2 .P167| A12 20 P1 X v A3
Q\/O - |P130|P142] TH ilP168 Cci1 23 T P3 B10
;I/O - . - R1 P169| B11 26 P51 - Ca4
o T - | - [ Ne P70l E10] 29 | - Fio Ce
'GND - |P131]P143] M3 |P171GND" - TX) C10
fille] . IP132{P144] P1 |P172] A1 32 P54 D11
Vo - |P133[P145] N1 P173| D10 35 5102 )
110 (A4) P81 {P134|P146]| M2 xP174 A10 38 B104 £3
110 (A5) P82 '1P135 P147| M1 (P175] D9 41 B105 E14
0 T - |Pi4s| L3 |P176] C9 | 44 T s
o . |P136[P149| L2 |P177| B9 47 P55 F1
MO - |P137 PESO L1 P178) A9 50 P56 - - F2. N
WO . |P138|P151{ K1 {P179| E9 | 53 P157 5 \.
'yllO (AB) P83 |P139 F’152i K2 ‘P180| C8 56 P158 ] F9
O (A7) || P84 |P140P153] K3 [P181] B8 | 59 5566 : iz
"GND P1 [P141 P154| K4 1P182| A8 b [ Pag7 a10
a296 P208 J5
* Pads labetled GND* are internally bonded to a Ground : Y K1
plane within the BG225 package. They have no direct con- e il K4
nection to any package pin. W K12
L2
Additional Ground (GND) Connections on BG225 o il . L &.165
Package Wl 7 SN
- 2 PN Y e ) M10
g GND P - o
F8 o - — NF
! G7 ek e NI
' G8 | =y ST ‘ N15
: G9 = } " PS5
" HE N ) p7
' H7 o ) P10
He i R10
H9 '
10 | 3/12/96
37 T
J8
J9
; K8
2/28/96

Note: The package pins in this table are bonded to an
internal Ground plane within the BG225 package. They
should all be externally connected to Ground.
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Package-Specific Pinout Tables -
PC84 Package Pinouts Pin | XC4003€ | XCa005F | xCa006E | XC4008E | XSofor
XC4005E XC4010€ P45 1%e) I5s) 1s) s} 1)
Pin || xC4003E }xcaoosa XC4008E | .
XCao05L : Xcao1on Pd6|| 1O 170 10 0 170
PI]| GNO | GND | GNO | GND ., GND pa7|| 10 7e) 0 70 7o)
Pajl vec | VCC_| vec | veC | vee pag|| o Vo o 70 0
P3 || O (AB) | VO (AB) | VO (AB) | O (A8) | 1O (A8) YOy ) S 5 o o
P4 || VO (A9) | WO (A9) | VO (A9) | VO (A9) | VO (A9) T S 5 75 S
{ Ps || VO (A10) | VO (A10) | VO (A10} | VO (A10) | VO (A10), el T} 0 0 0 T
P [| VO (A11) | WO (A11) [ VO (A11) | VO (A11) | VO (A11) SGCK3 | SGCK3 | SGEKI | SGCK3 | SGeKa
P7 || VO (A12) | 1O (A12) | VO (A12) | WO (A12) | VO (A12) P52 GND GND l GND GNO GND
P8 || I/O (A13) | VO (A13) | VO (A13) | /O (A13) | VO (A13) P53 DONE DONE | DONE DONE DONE
P9 || /O (A14) | VO (A14) | VO (A14) | /O (A14) | VO (A14) P54 VGG VCC \/CC = VCC
P10l WO VO, o, Vo, vo. PsS|[ PRO- | PRO- | PRO- | PRO- | PRO-
SGCK1 | SGCK1 | SGCK1 | SGCK1 | SGCK1 GRAM | GRAM | GRAM | GRAM | GRAM
AN
(A15) (A15) (A15) (A15) (A15) Ps6|| 1O (D7) | WO (D7) | ¥O (D7) | VO (D7) | VO (D7)
P11|| vCC VCC vCC VCC vCC = () o 05 0 T3
P12}| GND GND GND GND GND PGCK3 | PGCK3 | PGCK3 | PGCK3 | PGCK3
3913 P(';’gk1 pggiq ng,-“ Pcl;/8k1 pggiq Ps8{| 170 (D6) | WO (D6) ! VO (D6) | VO (D6) | WO (D6)
' (A16) (A16) a16) | (A16) (A15) P59|[ VO (DS) | ¥O(DS) | WO (D) | VO (D5} | VO (DS)
[P14[[ VO (A17) | VO (A17) | O (A17) | VO (A17) i VO (A7) P80 "0(55;5’ "0(555)!"0(535) /0 (CS0) ."/0(555)
"P15([ W0, 7D | 10,70 | 10, TDI | 10,70 | VO, T0I Q04O RG | YO(D4) | VODY)
[P16|[ O, TCK | /O, TCK | /O, TCK | VO, TCK | 1O, TCK Vi | =2 s, Vo m__; 1o
TP17{[ WO, TMS | 1O, TMS | 10, TMS | 10, TMS | 170, TMS R8s|[LLvce vee vee veec | vec
B IE) Ts) 7o 76) %) 1Pe4i] GND GND | GND GND . GND
519 T 0 ) T 0 P65|| VO (D3) | WO (D3) | WO (D3) | VO (DI) | VO (D3)
750 7e) ) ) 70 ) Pe6{| YO (RS) | 1O (RS) | YO (RS) | ¥O (RS) | O (RS)
ol e oo (oo | oo [ ow | olees [ioen | es | oea oo
p221l vcc vCC VCC vCC vCC
Faall 1o ) e TR o) P63|| /O (D1) | YO (D) .1 WO(D1) | VO (D1) | VO (D)
!
P70 |II”O(RCLK, | YO (RCLK, VO (RTLK, | I10(RTLK, {170 (RCLK.
Pady Vo KO ) vy i ROY/ | ROY/ . ROY/ | ROY/ | ROY/
P25 [[{e] l{e] [[[s] l{e} o ) BUSY) ! BUTY) BUSY) BU3Y)
| P26 110 ![e] 11O /o] e} P71 [TTs) [Ie) 110 ) Vo
P27 7%e) 170 7o) Vo i 10 (D0. DINY | (DO, DIN) ! (D0, DIN) | (DO, DIN)'! (DO, DIN)
;P28 o Vo 7e) ) PT2|| 1O, o, | Vo. 0, 110,
iP2si[ WO, 0. VO, Vo, ¢ wo, | SGCK4 | SGCK4 | SGCK4 | SGCK4 | SGCK4
| SCGK2 | scGK2 | scek2 | scagk2 | scek2 - (Doum | (boun i (Doum) | (boum | (DouT)
P30]| O M1 | OMI | OMN I OMT) [ O My z;i ?gé( CCLK CCLK CCLK CCLK
P31} GND GND GND GND GND vee vee vCC 1 vCC
{ P32|| (MO 1 (MO) 1 (MO) 1 (MO) 1(MO) ! P75|] 0,TDO | 0,700 ; O.TDO | O.7DO ; O.TDO
P3|l vcc vCC VCC vCC VCC P76|] GND GND ;1 GND GND | GND
i P3all 1(M2) 1 (M2) 1 (M2) 1(M2) | 1(M2) P77 0 o . 1o o, WO
i Pas|| wo. Vo, 10, 0. 0. 778 (A?}gvg ) (A?;(ng - (A?/'c\:m ) (A?}gvg ) I (A?}gvs :
' PGCK2 | PGCK2 | PGCK2 | PGCK2 | PGCK2 , . . . . .
P36 || VO (HDC) | 10 (HDCY | /0 (HDC) | O (HDC) | /O (HDC) | P?Ac,')“ Pfﬂ;‘ ‘ P?ﬂ)“ Pﬁﬁ',“ P‘(:’ﬁ)“
, P37]} 70 (LDT) | vO (LDT) | ¥O (TOC) | 110 (LOC) | VO (CECI! P79 e T BT o T o
. Pasll 10 8] 7S] o | WO (CS1, A2) | (CS1, A2) ! (CS1. A2) | (CS1, A2) ! (CS1, A2)
= ) 10 VO | WO P8OJ| VO (A3) [ VO (A3) _WO(A3) | VO (A3) , VOIAJ) |
) Yo 1 WO 110 11O 0 P81l VO (Ad) | VO (A4) O (A4) | /O (Ad) 1O (A4ﬂ
P41 i 110 (INTT) | 11O (INTT) | VO (INTT) | YO (INTT) | O (INTh | P82|| IO (AS) | VO (AS) : VO(AS) | VO(AS} { VO (AS5) |
paz|[ vce VCC VCC VCC vCC Paa|| VO (AB) | VO (AB) WO I(AB) | VO (A8) 1+ WO (AB)
P43l GND | GND GND GND GND P84|l /O (A7) | WO (A7) * VWO (A7) | WO(AT) VO (A7)
4 -
P4 o | w0 s WO | VO o286
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XC4000 Series Field Programmable Gate Arrays

Product Availability

Table 25 - Table 27 show the planned packages and speed grades for XC4000-Series devices. Call your local sales offjce
for the latest availability information, or see the Xilinx WEBLINX at http:/www.xilinx.cdm for the latest revision of he

specifications.
Table 25: Component Availability Chart tor XC4000E FPGAs

{ Speed|PC | PQ | VQ | PG| TQ[PG|[PQ[CB{PG|CB|PQ|HQ| PG |BG|CB|PQ|HQ|PG|HQ
[ Grade|| 84 | 100|100 | 120|144 {156 | 160 | 164 | 191 | 196 | 208 | 208 | 223 | 225 | 228 | 240 | 240 | 299 | 304
XC -4 [[ci{ciicrjct , LT
4003E | -3 |[CI|CI[CI|ClI RS R R R S
. 2 [[cjcic'c - | e -
i %G -d CI:CIg Crhicryci MB; ch,
i L M8 ! g 3 G
“005E 3 {[cT el Cl ci[cr] Cli R =
2 |[cl¢ o] c i P I I
XC -4 HoIy ) CijCICl Ccl: e ISR AN P
! a006E | -3 ]|C1 . Cl{CI|ClI Cl: B 1
‘ 2 |[c O ZIN = 1= ¥
XC -4 Cl] y [oll} lCll Cl! BRE . P R
4008E | -3 [|CT! W Cl TN, Rt | N S e ¢
2 (| Cci . Q C 1 C A A
ey e R Cl CTIMB(CT | CI| . JClI| -] = Jrs
XC ! - MB oo ! ; K
+ 4010E [ 3 |[CT o\ aaGEaans T N | 2
L 2 |[¢c i c € C [ -
2 i eV CTiCIiCT CT MBJCTiCT |t Jom
xC | . I -
| 40138 | 3 NN . Ci Ccl'Cl.Cl] Clicl, o
’ -2 C. : C_C C.C. C1C i~ .|ir~]
4 : : CTiCl, Tl - .-
XC : — : o
s020€ |2 1 : JEE ciicil] sl CHy g
2 ! c £ RIS
; - S ] T Tl MBI TCI.CIiCT|
. XC : : | imB
1 40258 [ 3 || - : ' RS cry - Criclicl;
2 I i | C! cC Cc C

C = Commercial, T, = 0° to +85° C

| = Industrial, T = -40° to +100° C

M = Mil Temp, T = -55° to +125° C

8 = MIL-STD-883C Class B, Tg = -55° 10 +125° C
Shaded devicespackage combinations are not supported.
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Table 26: Component Availabiiity Chart for XC4000EX FPGAs
r Speedll Haz208 | Haza0 | Pa2e9 | Hasos | BGas2 | pasr1 | Boasd
-4 of Ci (oF “Cl Cl 8 el
XC4028EX | -3 C C C c c e
I -4 (] | Cl Ct
; XC4036EX 3 - a . Cc c c
i ‘s
i 4 - Cl | Cl
| XC4044EX -3 oy c Cc
C = Commercial, Ty = 0° 10 +85° C -
I = Industrial, T; = -40° to +100° C \
M = Mil Tamp, T = -55° to +125° C ‘
B = MIL-STD-883C ClassB. Tg = -55° to +125° C
Shaded davice/package combinations are not supported.
Table 27: Component Availability Chart for XC4000L and XC4000XL FPGAs
Speed|| PC TQ PQ , HQ | BG PQ HQ PG HQ : BG PG, | BG PG
’ Grade|| 84 176 208 ' 208 225.1 240 | 240 299 | 304 352 411 432 475
. _6 C - : C | ~ - (" . 3 A,':. . ‘4- ‘- =
XC400sL | 5 c o IE X =
.4 v [
' -6 c c C ey
XC4010L | 5 c C c i - w ]
T B I I -
-6 Lt I c C | o] oy
XC4013L | .5 c\Y c | ¢C ’
-4 I " . L
N 3 C T \X C c 1 C C N BN
XC4028XL AN | . N 5 i o
A - - [ P ]
f A C c ., CcF
| XC4036XL S EoN A 4 : . .
i - : 1
C c
XCa044XL , L
N ! I
? C c
XC4052XL |
L
" - c
|XC4062XL )
f g

C = Commercial, T, = 0° to +85” C
I'= Industrial, T, = -40° to +100° C
M = Mil Temp, Ty = -55° to +125° C
8 = MIL-STD-883C Class B, T = -55” 10 +125° C
,Shaded device/package combinations are not supported.
Speed grades for the XC4000XL have not yel been determined.
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XC4000 Series Fisid Programmabie Gate Arrays

User I/O Per Package ~

Maximum available user /O for each device/package combination is shown in Table 28 - Table 20.
Pinout tables for XC4000-Series devices follow. Pinout data is offered in two forms, as device-specific and package-sp&ific
tables. Device-specific tables include all packages lor each XC4000-Series device. They follow the pad locations around
the die. and include boundary scan register locations. Package-specific tables include all XC4000-Series devices available
in a given package. These tables are especially useful in determining which pads should be avoided, in case of a future
transition to a different device in the same package. . ’

All pinouts defined at the time of publication are included in these tables. Additional information may be available. Call your
local sales office-or see the Xilinx WEBLINX at http/fwww.xilinx.com for the latest information,

Table 28: Maximum User I/O for XC4000E Device/ﬁ’ackage Combinations

’ N;;;‘:' ’ P&‘f::g)e XC4003E | XCA00SE , XC4006E ; XCA008E | XC4010E | XC4013E | XCa0208 xcaozs?j
Maximum User 170 80 112 128 144 | 160 192 224 | 256
' 84 | PLCC (PC) 61 61 1+ 61 | 61 | 61 -
i 100 ! PQFP (PQ) 77 72— )
| TVOFP (VO 77T | : ~ § s
, 120 + PGA(PG) 8o A S
. 144 TQFP (TQ) 112 113} . ]
{156  PGA (PG) WA % j 28 ) N .
© 160 . PQFP (PQ) 112 128. | 129 129 4 129 | .
| 164;: | CBFP (CB) 112 | e
1 191 | PGA (PG) T o ——rr— |
196 . CBFP (CB) | 180 i
208  PQFP (PQ) 112 128 | 144 160 160 | .
HQFP (HQ) 160 160 | 160
223 I PGA (PG) | 192 [t 192 i
225  BGA (BG) 160 192 /i e
223 " CBFP (CB) ' 192 | 192
240  PQFP (PQ) 192 | .
HQFP (HQ) % 9). : 192 | 193 7 193 |
299  PGA (PG) ; 256 |
304  HOFP (HQ) || - - S 256
Note: This table includes standard user-programmable ¥O. It also includes the TOI, TCK, and TMS pins, which can funcﬂon as
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Table 29: Maximum User I/O for XC4000EX Device/Package Combinations

No.of Ping ' Package (Code) XC4028EX [ XC4036EX , XC4044EX
Maximum User 1/0 256 | 288 320
208 l HQFP (HQ) 160 [ R e e S
240 i HQFP (HQ) 193 . v * K LW
299 | PGA (PG) 256 e e e ian ‘. aa Tt
304 | HQFP (HQ) 256 256 S
352 ] BGA (BG) 256 , iy e L
411 i PGA (PG) = 288 320
432 BGA (BG) : 288 320
Note: This table includes standard user-programmable I/0, It also includes the TDI, TCK. and TMS pins, which can function as
user-programmable /O If not used for boundary scan, In addition to the 1/0 listed in this table, the MO and M2 pins can be
used as inputs only; the M1 and TDO pins can be used as outputs only. All of these pins must be called out using special
library symbols. The XACT software does not use them by default. (See Table 18 on page 47.) -
\\
Table 30: Maximum User I/O for XC4000L and XC4000XL Device/Package Combinations
: '\:,‘:;‘:' . P(%"::g)e XC400SL XC4010L | xCa013L | XCa028X1. | XC4036XL | XC4044XL | XCa052XL | XCADERXL
Maximum User /O 112 160 192 | 256 288 320 352 384
84: . PLCC({PC) 61 61 33 ) - Heg
176 ' TQFP (TQ) [ 153 - ~ - ey
208 PQFP (PQ) 112 160 160 . AN
208 HQFP (HQ) 160 p -
225 |, BGA (BG) 192 e L 3 R
240 " PQFP (PQ) - 192 Y - - v i e
240 . HQFP (HQ) cy ' 193 |
299 PGA (PG) N 256 Tl T
304 HQFP (HQ) ., 256 256 PR IR N
352 , BGA (BG) - P 256 IR . s A
411 PGA (PG) 288 | 320 | 352 3l
432 | BGA (BG) : - 288 ' 320 ! 352 .
475 |, PGA (PG) R . | L 384
Note: This table includes standard user-programmable I/O. It also includas the TOI, TCK, and TMS pins, which can function as

user-orogrammable I/0 if not used for boundary scan. In addition to the 1/0 listed in this table. the M0 and M2 pins can be

used as inputs only; tha M1 and TDO pins can be used as outputs onl
library symbols. The XACT software does not use them by default. (

y. All of these pins must be called out using special
See Table 18 on page 47.)
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Ordering Information

Example:

Device Type

Speed Grade
-6
-5
-4
-3
-2

XC4013E-3HQ240C .

— =
. L Temperature Range

C = Commercial (T = 0 to +85°C)
I = Industrial (T = -40 to +100°C)
M = Military (Tg = -55 t0+125°C)

Number of Pins

Package Type

PC = Plastic Lead Chip Carrier
PQ = Plastic Quad Flat Pack
VQ = Very Thin Quad Flat Pack
TQ = Thin Quad Flat Pack

BG = Ball Grid Array .
PG = Ceramic Pin Grid Array
HQ = High Heat Dissipation Quad Flat Pack
MQ = Metal Quad Flat Pack

C8 = Top Brazed Ceramic Quad Flat Pack

, X6750
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PLCC Packages — PC20, PC28, PC44, PC68, PC84 _

o~

T VIEW 1T ViEw
===
> 036/.042
PIN 1 1D, .056/.042 =~
L[~ e
oearond g Frmn |

E g . ‘\
d b
d b
g b
d b

L] + p 1]
EE}]—E b T
q b
q b
d b
d b
LC . 0
4 b
@ L :
AT ACATA=ATA=ASE A=AcA-a-a-acasa-C—iNNE § 4
C116/.0077
Vi LEAD FINISH: Solder Plote

INCHES

MIN.| MAX]| MIN, [MAX, | MIN,| MAX, | MIN,] MAX]MIN.| MAX,

165|180 | 165 |.180 | 165 .180 [ 165} 200 | 165 | .200

090 {.120 | 999 |.110 | 0904 .120 | .090 | .130 {.090 | .130

<o) 385 .395| 485 | .495 | .685| 695 | .985|.995 | 1185 { 1195
Di/E,[ 350 ].356 | .450 |.456 | 650 | 656 | .90 [.958 {1,130 | 1.158

023 MIN. J L ! ;
s21/013 De/Eo| 90| 330 | 390 | 430 | 590| .630 | 890 | 930 |1.090 | 1130

SEATING PLANE }@1 007 @|r-a@. n-;@] D./E,| 200 REF.| .300 REF. | .500 REF. | .800 REF. | 1000 REF.
050 BSC | [0S0 3SC | .0S0 BSC

84

=] |
< » plavt
2

e 050 3SC 0350 B8SC
N 20 28 44 68

ZETA "A°

NOTES:

1. ALL DIMENSIONS AND TOLERANCES CONFORM TO
ANST Y14.5M-1982.

2, DIMENSIONS ‘Di* AND °E1° DO NOT INCLUDE MOLD FLASH OR
_PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT
EXCZED .010 PER SIDE.

3. 'N° S NUMBER OF TERMINALS.

. CONFORM TO JEDEC MO-047
5. TOP OF PACKAGE MAY BE SMALLER THAN
BAOTTOM BY .010°.

[ 3

20, 28, 44, 68 and 84-PIN PLCC (PC20 THRU PCg4)
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