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IMPLEMENTATION OF 6™ ORDER BUTTERWORTH
LOW PASS RECURSIVE DIGITAL FILTER

USING VHDL AND FPGAs DEVICE
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1997
ABSTRACT h

This thesis presents the 6® Order Butterworth Lowpass Recursive Digital Filter was
designed from the principle of arithmatic distribution to prevent from multiplication theory of
input signal with coefficient value of filter circuit to be addition theory by collecting coefficient
value of filter circuit in memory unit. Then, the input signal was shifted to post the memory
unit and read out the coefficient value. It enabled the circuit to operate faster. The results of

testing this design were relevant to the output respond.
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2.8 ﬂdﬂﬂﬁzﬂﬂﬂ1uﬂ1i!ﬂlﬂun1m VHDL
' v . .
aunsantesenilsznenlunsilounty VEDL 1@ Eatity, Architecture, Process,
Configuration, Package, Il Library
2.8.1 Entity
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entity HALFADD is A— L SUM
port (A,Bin bit;

SUM,CARRY:out bit),
end HALFADD; B T CARRY

! Y o a 1 q¥
70 25 TdsunsumsldanuazdnyasnmsAnde 1¥auues entity

{ ' 4 . . b4 °
91031 2.5 921Ul UsemAde entity HALFADD a1 is Laan1ssmun
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HAZeUATBATET end ANAIBHBUBY Architecture 1T HadIvsauanslugili 2.6
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architecture BEHAVE of HALFADD is
A— L STM
begin
SUM <= A xor B;
CARRY <= A and B), e
end BEHAVE; P CARRY

1 14 @ a 2 .
717 2.6 Tsunsums Isamnasdnuaznisande 1998 Architecture

2.8.3 Configuration
9/ y o
Tumu VEDL aunsoasngdnsaiifue1da uazamnsadians Socket voq
CA o A A [y b4 a A 1 o o P
gunsaildasds  ennwazanmiieudums lsauesslumsiseudegilnseifagila
y & Yo o y _J o
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entity HALFADD %n1l52115 4az9ua28184 end component; fusumsi¥eudossldm
: ¥ o
d port map Taedlumsiidumwnile  fie ul: HALFADD port map

} 4 ]
(A,B,N_SUM,N_CARRY);'Iﬂamsmum’{aaagwﬁamn begin AYAIBELAAIINGUN 2.8
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component HALFADD

port (A,B : in bit;

SUM,CARRY : out bit);

end component;

begin

ul:HALFADD port map (A,B,N_SUM,N_CARRY);

DEFAULT
CONFIGURATION

entity HALFADD is
port (A, B : in bit;

SUM, CARRY : out bit

end HALFADD;

HALFADD

N_SUM

~no*=o(
b
g
~ne@sod

N_CARRYI
B CARRY

.
'M'T”n

ul

RELGREGRIR ALy

¢

H a 9
U 2.7 Tulsunsuuaznisannelsauues Configuration

SUM

A N_SUM
A SUM A SUM
ul 2
CIN
—|B CARRY }— B CARRY
N_CARRY1

; 4
7UN 2.8 maveudovesginsalmelu
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entity FULLADD is
port (A,B,CIN : in bit),
SUM, CARRY : out bit);
end FULLADD;
architecture STRUCTURAL of FULLADD is
signal N_SUM, N_CRRY1, N_CARRY?2 : bit;
component HALFADD
port (A,B : in bit;
SUM,CARRY: out bit);
end component;
begin
ul : HALFADD port map (A,B.N_ SUMN_CARRY1),
u2 : HALFADD port map (N-SUM,CIN,SUM,N_CARRY?2);
u3 : OSGATE port map (N_CARRY2,N_CARRY1 ,CARRY);
end STURCTURAL;

' 4 .
7U7 2.9 Tusunsumsisendegiasaine luuazmslsemamedyanu
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ungn 29  Ansdssmadgyapuneluginselie  Signal N CARRYI,
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o o 9 o
HALFADD 2 @448 ORGATE 1 #7931/52n81A8 ul, u2, u3 uazdaygnamdenlu por
- s/ < o w b4 ° .
map  ewissadygnamnsudidyansesnaadduuazeuTlsunsuatefdy  ed
4 L4 1] é
STRUCTURAL A%8u83 Architecture (40T INYOL component (HUdIMMTHIv04
Architecture
2.8.4 Process
1 y (.4 . o [ 'y L] é
dmtilunisussyideddunasatiousgatelu Architecture e Tilsiaramansg
° i o o ° ] b4
Tsiraesiimsieniiindoufiu  (concurrent)  Falsmswniioazgnimuadilion
a o w b 4 ° w
Sagnunnaeiie <= lumsEuldsunsuldids PROCESS uazeuaisiida END
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entity AND_OR is
port (A,B :in bit ;
Z_OR, Z_AND : out bit);
end AND_OR;
architecture BEHAVE of AND_OR is
begin
AND_OR_FUNC: process (A,B)
begin
if (A="1" or B=1") then
Z OR<="1";
else
Z OR <=0,
end if ;
if (A="1"' and B="1") then
Z AND <="1";
else
Z_AND <=10';
end if ;
end process AND_OR_FUNC;
end BEHAVE;

7u% 2.10 Talsunsumsvinmued Tl sire

' 4 4
91131 2,10 ¥oUB3 brocess ¥ovoalusivafio AND_OR_FUNC  ddoygna
= Vo o [ ° o - 14
sunniilu A uaz B Tneldmds if-then-else Tun1sdrdun1shaudan 01 A=1 wie B=l
9 oy & :" sy ° 13 .
2zl z_oR fisutlu 1 deulvusneimiu Z OR sziifuilu 0 9uMIHIUAY end if ;
9/ o n’}, A A g oy
uazd A=l uae B=1 aariu Z AND eziiauilu 1 Qeuluusnnniiu z AND ezdiauilu
9 9 ° o
0 189U Process AW end process AND_OR_FUNC ; 1291 Architecture AYAIAN end

BEHAVE;
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S

BIT_VECTOR (0 TO 3 )

{ 4 1 d 4 ' v WYY o i o
U 211 msi¥eudewa1eq process idunsaiveudeiulansdya aiidaiy

2.8.5 Package

' i . a9 [y = Y, O
WudauvesTsunsunudla (compile) Soudsends uaziauemlvniumse
1 9 A ¥ a 9 [ A C) A ¥
198131A91 package ABNGUTHATBITBYD Tlsunsudesnsogilnsaideg #'laeen
Y ¥ o 'Y ' ' A g vy Y o 4
wuvluaninnsasawlaflundu egmeluiteligesnuuudenldidasaindegld
2.12

package DEMO_PACK is
-- constants
— data types
— components

— subprogram
end DEMO_PACK

717 2.12 Tnseard1auea Package
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2.8.6 Library
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package body DEMO_PACK is
—constant values
—subprogram definition
end DEMO_PACK;

1 4

entity, architecture, package, configulation 8siignyazms saudsgila 2.13

Package Body
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Package Body

U.o
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Package Body
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° 9,

1. FALSE, TRUE 11119 uasun1s BOOLEAN

2. BIT lw’u “O”’ G(l”

3. BITVECTOR 191 “10001”, “10100101”

4‘ CHARACTER L%u “A”’ (‘C”, “R”’ “2’7, “$”

5. NANEN (4% “1.027, “0.436”, “1.0e-10”, “-4.356045”

6. Amualuton2 1 19 “% Error 56.3”, “messag string”

7. WHUSTHIMAN 15U “17, “254”, “456”

8. WUUAMUAANIAT 1TU “40 nS”, “5.5 pS”
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package STANDARD is
type BOOLEAN is (FALSE,TRUE),
type BIT is (*0’, 1),
type CHARACTER is (- ascii set),
type INTEGER is range
implementation_defined,
type REAL is range
implementation_defined;
BIT_VECTOR, STRING,TIME
end STANDARD; '

U7 2.14 msivenTilsunsuvesteyamelu package

2.10 FYMUAZAIINTAY (signal and driver)

signal A,B,Z : bit;
signal X_INT : integer;

- Y o 14
U 215 msnszaudygnuln A B, Z

2 Y o 3 o .
%’lﬂg‘ﬂ‘l’l 2.15 ni'lumsns:quaagngm“ln A B Z Lﬂu U IULUY Bit, X INT

M interger

Z<=A,

I

qUn 2.16 mselarn A W z

a os ° v A [ £ 4
N3N 2.16 AnsErimuAUYNAe A dedln Z
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Z <=AAndB;

}
Z
B

77 2.17 M5 A And Bud z

wingUh 2.17 dumsameunilefie A And B ud Z uazdeiizluuyldaila

U

Z<=A,
Z<=B,

>

U 2.18 msded A uae B ' bigunsadalvud z 14

4 1 ' [ L] 14 i in o
v 218 /1 A uaz B higunsedabiud z 18 marzegluannsitl

o a 9y ° 9 a Y va '
ausedadulela  wiegluvulumsimuadeyaauaseiialitundaulsiliawise

wla

Z<=X_INT

UM 2.19 misdash X INT Tviun z

i 2.19 Z gadwmuatiiiandu Bit d9u X_INT gafmua integer
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2.11 voyauuuiiuge
1 % ) o Y I'I S 141 o 9 & s/
Whureyamiteuduteyaa lilifisaudiisnunzveoyaiiugn Fedoyaszgn
° s ¥ ° o o o v !
fmuafmeyaisesnuiy fadaegalugii 2.20

signal A_BUS, B_BUS, Z_BUS : bit_vector (3 downto 0)

UM 2.20 msdmuasdeyauumiiugg

9031 2.20 Wun1simuns bit_vector 4 f1 Asan 0-3 TasAgndmuasin 3,
2,1,0

Z_BUS <= A_BUS,

Z_BUS(3) <= A_BUS(3)
Z_BUS(2) <= A_BUS(2)
Z_BUS(1) <= A_BUS(1)
Z_BUS(0) <= A_BUS(0)

71 2.21 msnieh A_BUS ud z_BUS

1Nz 221 AesSssmuddy Z BUSE) gnimuadiliian A_BUSE) A

Z_BUS(3) <= A_BUS(0)
Z_BUS(2) <= A_BUS(1)
Z_BUS(1) <= A_BUS(2)
Z,_BUS(0) <= A_BUS(3)

7N 2.22 mstmuan A_BUS(©0) 1un Z BUS(3)

131N 2.22 Wumsdmunaat z_BUSE) gnAmuasiiiein A_BUS(0)



- wmoliew e TR R R SRR SOOETNTS

M e DT e

e LN

CERNNT W T o mn

T WERETERRNTTER TRt TRETeWERS ¥ & W

S T e e e W e e e e TR

21

’ M
a =

Y e A q vy A Yy Y kY
qIN aqmﬁqma'lmmgauumﬂm;ﬂﬂa UYUINYOY Array YNHIBUASUVIVNL

t o 3 Y ° Y- ° ' e J
Apainiu uazsandnuAazdezgaimuald Tasdwmia fauaasluzis 2.23

signal A_BUS, B_BUS, Z BUS : bit_vector (3 downto 0),
signal A_BIT, B_BIT, C_BIT, D_BIT : bit;
signal BYTE : bit_vector (7 downto Q);

Z_BUS <= (A_BIT, B_BIT, C_BIT, D_BIT),

BYTE <=(7=> ‘1", 5 downto 1 => ‘1°, 6 => B_BIT, others => ‘0"),

U 223 uamedeyaiungy (Aggregates)

2.12 fMIAUUUNISNIYI VADL (Operators)
msusseFmganssuluny VHDL Alidansevimitasdnuasadincnany

; o o Y 4
Lwﬁmﬂunm':«mﬂu’as'm‘lﬂmmn»m 2.1

MTN 2.1 AR WHUNS AN VHDL

PREDEFINED OPERATORS

LOGICAL OPERATORS : NOT AND OR NAND NOR XOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN
" RETLATIONAL OPERATORS :=/=<<=>>=
OPERAND TYPE : any type
RESULT TYPE : Boolean
ARITMETIC OPERATORS : + - */ MOD REN ABS
OPERAND TYPE : INTEGER REAL Physical
RESULT TYPE : INTEGER REAL Physical
CONCENTENATION OPERATORS : &
OPERAND TYPE : array of any type
RESULT TYPE : array of any type
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2.13 MFIN5191 (Sequential Statements)

2.13.1 &4 If-then-else

71 224 gulurivveashda ifithen-else

if CONDITION then
— sequential statements

end if;

if CONDITION then

- sequential statements
else

— sequential statements

end if;

if CONDITION then

— sequential statements
elsif CONDITION then

— sequential statements
elsif CONDITION then

~ sequential statements
else

~- sequential statements

end if;




DI MR T TR I R SO 2 FETT | R

mam = el e W .

Rl ot S

23

brary IEEE;
use IEEE.Std_Logic_1164.all;
entity IF_EXANPLE is
port(A,B,C, X :in std_ulogic_vector(3 downto 0);
Z : out std_ulogic_vector(3 d.ownto 0);
end IF EXAMPLE;
Architecture A of IF_EXAMPLE is
begin
process (A, B, C, X)
begin
if (x = “0080”) then
Z<=A;
elsif (X <= “0101”) then
Z<=B;
else
Z<=C;
end if
end process;

end A;

U 2.25 Arvd1ams 19mda Ithen-else

vngUuuvvesd thenelse lugthn 224 sinrifeudedrefazii 2.25

[
L4 1

finele if 9n32918 U Architecture U1az8gn16TH Process TaenAda if 2 eime TasiSy
VNI if MWAY else if UAL else VUAIFA if 1 end if
2.13.2 144 case
Yo o ¥ Yo v . Y a
M5 l¥Mds case avslslnasuvesnrmiilulylldues expresstion uazdpuSes

9y
1Ussga lUnnnga
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case expression is
when VALUE_2 | VALUE_4 =>
sequential statements
when VALUE_M to VALUE N =>
sequential statements
when others =>
sequential statements

end case;

710 2.26 gluvuvesids Case

entity CASE_EXANPLE is
port (A, B, X :in integer range O to 15;
Z : out integer range 0 to 15;
end CASE_EXAMPLE;
Architecture A of CASE_EXAMPLE is
begin
process (A, B, X)
begin
case X is
when 0 to 4 =>
Z <=B;
when 7 | 9=>
Z<=A;
when others =>
Z <= 0;
end case;
end process

end A;

7 227 dredramslamda Case

° o A ° a o (] 9 o o
vingduunmds Case Tugilh 2.26 siwndisudiesnladsgIi 227 case oy
° v 9o v Yo [ o ¥
Amuaduilu x ndaus B dlus 04 Widauals ¢ dluai 5 Fauls A W 7.9 ez

' A [ 9/
iumdu Z sxfiauilu 0 9uA8 end case;
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for loop_parameter in discrete_range loop
- sequential_statements

end loop;

UM 2.28 gluuuvef1dl For

entity FOR_LOOP is
port (A : in integer range O to 3;
Z : out std_ulogic_vector (3 downto 0));
end FOR_LOOP;
architecture A of FOR_LOOP is
begin
process (A)
begin
Z <=“0000,
for Iin 0 to 3 loop
if (A=1) then
LI <=‘1’;
end if;
end loop;
end process;
end A;

o o o 4 ° Y 1 9 o i o a
MngUuYUYeIRIds For Aaguln 2.28 Wndeudiedialanagiin 229 fds for

° L4 ° n’:' - 4 & o o dyd ¥
3zgnMMuATHIUNMIIIUTM loop 3 ASAZIVAY end loop T4 for loop Hileglu

NITUIUNTTVDN process

71 2.29 Fetrams 1916 For
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2.14 Logic cell array family

2.14.1 XC3000
1. AUANEYLY (Features)

1.1 ﬂiz%’m‘ﬁ‘qud%’mu'lﬁ'ﬁﬂnn?; 70-, 100-125 MHz all

1.2 1§14 Geration ¥ 2 8 FPGAs
1.2.1 I/O function
1.2.2 Digital logic function
1.2.3 Interconnection

1.3 faoilasnssumelufivands
1.3.1 4919474 Gate 781U 2,000 B3 9,000 Gate
1.3.2. finamansaflimuaea Register 182 VO
13.3. di¢h fan-out g4
1.3.4 % 3 State bus A8 lu
1.3.5 inufudyana TTL uaz CMOS
1.3.6 3 Oscillator ampliﬁér Tuda

1.4 {unBasusiunnsgiu
1.4.1 Wwdeamdn, i cMos, W9maTuTed Static Memory
142 dsganTamminneuduns 1% TTL SSyMIS
1.4.3 HunsNAde U 159914L47 100%
1.4.4 81501890 Configuration Mode ‘19t
1.4.51 Development software e lums ﬁwu1(XACTdevelopmmt

software) ﬂugsaﬁmn

1.4.6 913150 capture 3399518
1.4.7 1 Automatic Place/Route
14.8 Ms$1a092995 uazvmgmnala
1.4.9 S%i 9udllunseenuuyld

1.4.10 3 library 148 user macros
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1.4.11 ¥hmsdmasmmvesgmnala
1.4.12 3 XACTOR In-Circuit Vertfier
1.4.13 faumsgnsvewtudoyaluda PROM
~y
2. NeazYN
. . b 4 a da
LCA @320 XC3000 Logic cell array (LCA) family 1lszneulilarer9asassnni
anunuiutazszA@niamge  aawaavgu  uaznsTusunsulA  user  armay
- d iy ' .
architecture INAYUN9IN configuration program Negnie Iutardnlsensunamnsadsy
H & A ¥
alaeuie W laresamudeans1a 3 wuy fe I0B, armay of CLB, i¥euneneluay
vy Sa ¥ . . & ] ° ¥ Ay
AYTINABINTYBI 1Y logic function UaznsiFendenie lugnimuanielisunsuneglu
] ° o dy LK) 9
mieanuanwlud LCA Tusunsui Load w1g Memory Talunaieq siluuua
ammnzeui 1 Tusunsugnussylu EPROM w3s ROM awusnwioetseguy
floppy disk, Hardisk fi'1AnM4 14 Chip Hdaumieumns18luns load Tlsunsuuvusalwia
4 y d a Y A
o8 IHiIssuY (power-up) LCA mszga XC3000 9 finmeuuyhidenaunay

) o o ag Y 9/ o 4
mnzauamg, guvgl, Uiuureadis, gamgiiln ifudu damsian 2.2

MmN 2.2 WSsuNeuIHIAYe XC3000 LCA family

Basic Logic capacity | Configurable Max No. Program
Array (gates) Logic User of Data
Blocks I/Os PADs (Bits)
XC3020 2000 64 64 74 14,779
XC3020 3000 100 80 98 22,176
XC3042 4200 144 96 118 30,784
XC3064 6400 224 120 140 46,064
XC3090 9000 320 144 166 64,160
2.14.2 XC4000
1. ARsdnHly

1.1. 15% Generation 1 3 Y94 FPGAs
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1.1.1 & Flip-flop tfudmauuin
112 lumswaailensuvesnsihamdinnutangugs
1.1.3 3 ultra-fast RAM Tuda
9 o d’ 9y =1
1.14 lsduammasamsaannsaga
1.1.5 3l Wide edge decoder
1.1.6 Interconnect line t11M141Y Hierachy
1.1.7 e w1304 3-State Bus meluld
1.1.8 imsnszewmisnusadygnam
- Ad »
1.2 damilaenssunwlungangu
1.2.1 ¥ logic blocks 182 L/O blocks N Jsunsu'la
1.2.2 1 interconnect 8 wide decoder N T1lsunsala
1.3 ATEUIUMT sub-micron ¥iin CMOS 14
o . . da o
1.3.1 ¥ Jogic IL82 mterconnect NUAILIIYY
3o o o .
1.3.2 lhfanum
1.4 §UANVYUTNN System-Oriented
1.4.1 5895U31M3§ 1M IEEE 1149.1 11411591 boundary-scan logic
1.4.2 gw15alisunsud output slew rate 1
1.4.3 ansaTalsunsu input 3 pull-up w5'e pull-down Resister
8
y ¥y Y
1.4.4 nszud output Tadaud 12-24 mA WAIuATY)
1.5 %1015 config Tngn1s Tnamewiludoya Binary
E 4 t 4
1.5.1 Wisvasmaunsalunis Tusunsud
1.5.2 3 mode TumsTusunsuivifon 6 modes
1.6 11115153 XACT Development System MY 19THUM PC 386,486, NEC
PC, Apollo, Sun-4, 118 Hewlatt-Packard 700 series
1.6.1 awsonaasiuTsunsudu q 19 154 VIEWIogic, Mentor
Graphics ttae OrCAD

1.6.2 3 automatic Place and Rounting nasy
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d' 9o [ ° . .
1.6.3 3 Interactive Design Editor 1 1811511591 optimization
1.6.4 3 288 macros, 34 hard macros, RAM/ROM compiler
2. VAN
Y . da ' o
LCA a3zga XC4000 Uszneuliaiea9es logic ANAMMMMMMNGS, Hanw
- v ' Ay o ~ aoon At
sangu, msllsunsuaorilaenssuves CLBs  ndefumeluiissansamannluis

v 2 Yo .
MUY Hierachy, ttazMsde I0Bs Nogsou  A1%35M3 perimeter

b4 d
2.15 Inssadumeluvesginyal FPGAs
o a a & A a
FPGAs SailluasessammnizfesianiaiaunsalusunsuiluresiFuanla q
14 wwi@eady EPLD éwduil EPLD Tisunswasuu EPROM melu wazanse
] o ° 9 ] a
TsunsuImilansenmivldavdieuas UV ud FPGAs Tusunsuasusauadinusa
{ m Y 9 [
melusedeyanegnisuen uazemnse llsunsulvmilalagnsSiwmdedyana i
n’l’ [ [ ~ ° YA 9
ueNIINYU FPGAs Sasenda Muasiinanugasesgs Gmianainn) 1denaqe
~ iq 9 ¥ a a o ~ & Ao 4o
290552usHan 15 lu Tasenuiinaa TnsuSimlafed Xilinx)  FauduuSemiivh
9 9 4 'Y a o 9y y °
MsAuAMs WAL EIMedyle (MM asuilunguusannimau 600-25,000 tn
o 1 19 ° 39
Astaasluasian 2.3 msﬁmaamsnan‘ummmawss'smﬂummummmﬂzmz"lﬂg
' g ¥ v [y v
Tnvesesh laeenuuulawse TUsunsuasuuaessay FPGAs lanse'ls
o 9 Y a 1Y) o
FPGAs  illassasumelulnafestuaarilnenssuveunnensd  (GAL Gate
Array Logic) 110 aunsalusunsusazauneudlngissu (Configuration) n1eluaundn-
9 9/ 2 o N a
s (Static RAM) 1@ Tﬂa‘lﬂfnixuﬂ'lﬂﬁﬁqmmﬂﬂmnm‘1?’1'1%5\1%1“1,agm’duwnm
1MA6UBN 19U Parallel EPROM %39 Serial PROM #13fiul EPLD,PAL 13 EPROM ogl14
@1 melu FPGAs %sé’m‘%’mxi‘luaa%nwaé’é'amanmﬂuanﬁ"mEuvgmmﬁumma FPGAs
Y A a a o a oA 4 . g ~ o
Ausnnnan lnsusan lufenfees XC2064 (2000 Family)  szasuslswaleaty
14
dhunaSnd Matrix) 1us 11494 64 198 A9 INTUNER FPGAs ATZOA 3000 LAY 4000
4 9/ o ¥ J A o 9 J ::3 ] ~ v
a3l Inssasndugsonuvuansamius i lAuntuuaz ATy udaziwaiGendl CLB

(Configurable Logic Block)
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M1 2.3 AU ANIAYES FPGAs Asz)anieg

FPGAs Appr.Gate Count | Max I/Os Flip-Flops RAM bits 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
XC4000H 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 2,560 32,768 1,024

NAIINR2 #3/1993tAn NAND2 H359 11% NOR2
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: . &
MmN 2.4 msnﬂszmmﬂﬁumnmmmﬂwugm

Gate . Equipvalent gate count Gate Equipvalent gate count
NV 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 DFF 6
NAIINRS 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
ANIOR2 2 JK F/F with PRE 12
ANIOR3 2 JK F/F with PRE/CL 13
ANIIOR4 3 T F/F with CLR 8
XOR2 3 T F/F with PRE 8
XNOR2 3 T F/F with PRE/CL 9

4 d
2.15.1 gauitduesnlszneuvesasidn (Configurable Logic Block)
L4
CLB szsnissafiuiuuuumasndunyensdunia MeN nisesauuutiuannse
o W ¥ o A ' Vi R o o Y=
Mlalagn1s§a1e CLB uaziysudsvves CLB IWdstadu is1emisosa CLB e
fulaTaemsidaefiense i llsunsufientuas FPGAs vl Tnesn T TneS5ves
L4 0 ar { \ J 1 { (.2
ey dmiulanlannTusunsumandl  feni  Iidndmuanisasglnsel
p ' j é
(configuration File) F0zus5qlasesameluves CLB muamumaunzay  sngimile
do 7o o 9 . & 9/
Madmuansngnsehiuesdluvdnseuadoya  Bit  Stream)  Feawnsold
Tisunsumiaganusinieluves FPGAs 1@
d - d
2.15.2 d3uBUYNUAzIL MY Nvesalnsal FPGAs
o7 A y 1 o
79UUBNYEY FPGAs 1:1/53n0uA I0Bs Uszunst 64 B 144 &2 Favuegiu

& o A 3 v LY o
AUy FPGAs %9 IOBs ﬂztﬂuﬂ']L‘lfﬁmﬂﬂi:ﬁ')'\dﬂ'lﬂ’luﬂﬂﬂ']ﬂ‘uaﬂ‘UBG'Nﬁ]‘i'ﬁﬂilﬂ
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o o = b4 L=y
¥84 FPGAs 6nwaisued 10Bs ezlidnyay 2 fiamne awnse lusunsubiiudunnnse

d dgn ¥
wniynnla

2.16 MwaziBeamslinuvesgilnsel FPGAs

FPGAs asayianslanaisdnyns Tﬂﬂf‘imuﬂ"lﬁ’ﬁmﬁ'agapm Mo, M1, uag
M2 Awandlumsiedl 24 dnvazidasinsusa (Master Paraflel Mode) 51
Tusunsunewdiniias 1 Tusl Byts) wmmisemausmensniidusyuviules
awsasulisunsunounn (Config)  9INUBALASE (Address) Gim?aqaﬁauﬁ'lﬁ'mwia
AnuuzineTINesa (Peripheral) x50 T1sunsunoudnias 1 luvionlulas lilsiwrawes
'IﬂﬂmmmTﬁ'ﬂanﬁu‘lﬁ"hw%ann?a'lﬁﬁ%z%’ui’fagada'laJ psAsanuaizaanansea
(Slave Serial) 325% Talsunsuneudniias 1 in @i vinlulas Tilswa-wesawdayana
BUNN CCLK daunisAsdnyazinainesaison (Master Serial) 9z3uTusunsuneuiln

#iaz 1 invinmizenusimeuenidhuuuueynsy

M3 2.5 Tnuadng veansaeufingissu

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 - —

" Y g Y ¥ ‘ﬁ : w v a9 .’,’ - a
ﬂ"Iﬂﬂ’nllﬁ@ﬂﬂ15ﬂi1ﬂ1ﬂ1‘lﬁ'ﬂi¥&lﬁ1ﬂ mwmanymzmma‘lﬁmum 5 U

a . 24 A St A - v
INBY 2 HUDIMHUNIBUIS AN A LUUNIAdesSHSsalasiuydanaiSea FIUBVBUY-

& a '
WIE)%W'I'J"ILH?WTEN‘I%’ EPROM 27CXXX 9aNUNTLUENINAIT PROM XCI17XXX N1 11
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Y ' P ¥ ° ¥y v Y &2 o o
AMINATELAMILLABY  lBeTANLLYIINIU IngnaBaaaReinsSa Tl sunsuag
A a & v : b2 vy o
PROM aanviHamsizniuuuumswsed EPROM  dwiseldsuasulalvsiaedu
P Y 2 a
PROM % [sunsulamieensanes
9/ [ Y s o o A a
1519971 FPGAs lunsasdnvaizaiandiSeauaznanessisea wesune
Y o ° 9/ v o g .
A2 FPGAs evinisauveyaniiennusmlylunewlin (Configuration Memory)
asegeudnuuznmsAensudiniuludnvaslalumsid 25 Suiluuwveynsunse
o o A o o 2
WU niIMiuezGEINg Tsunsunsudndyanss DONE/ PROGRAM 14 “0” a4
* v 4 v Ao I~ [ o =
of luszninldsunsy  uaziioveyaluneudin NFuaNABRBAANMIIEANSN
9 y o o v o
lrlunewdln  uazArwenveseyaassiundnnivesdoyaneuiln  doyau
3 o iy i
DONE/PROGRAMaziilu “1” Gamwedsldsunsuimsaeufimefedu ggili 230

Usznou

All Usger IO Pins 3-Stated with High Impledance Pull-Up,HDC=High,LDC=Low

Active RESET

Low on DOWN/PROGRAM and RESET

U7 230 vuleezunsulumsaeuiln

$ A s 9/
Wesutleuunaess I leduazns Tusunsu vy



TSR (S T w B W ESTERTRITITSIIS TR W,

=R TR ETRON OO R -

34

9 [-) oA
2.16.1 M nuludnyszmanFiSea
[ 9 o d’l Y d' d' ° { o
msas lyauludnyasi munsauiueesnssnuuuy eIy luIas-
a ' s d Vg ¥
ﬂaummas'agué"; NS FPGAs A lsanuansaveslulas I siwaarss lums
v Y LY 5 A Y a
Wunazdwsyanouiinmfvadnsudonldsunsy  modelusunsunsuiinlii
o 1] o Aly o d’ é ~ 4 9 o A °
dnvuznsaeludnuaiiiiudsgin 231 salulnsneununssezasndyanaunerh
Yo 9 ° 9/ ]
mseeuinlndugnsel FPGAs mistleuldsunsuseudinlst FPGas ¥ldlasde
o 9 o Y o Y 4
daygat Strobe 197U CCLK uaznesa DO 198U DIN asdygnuaidendoufian

ccLk uazilouTusununeufinuuyeynsuniiv: DIN faunugllugli 2.32

+5V

&

MICROCOMPUTER MO0 Ml PWRDWN
CCLK
TRB 5k
DIN —
Mz ertinal
Di—— ——— Daisy-Chined
DOUF—— LCAs with
D2—— —  Different
+5V HDC|—— Configurations
/0 PORT D3—— LCA
(PARALLEL DP e D—
PORT) D4——
General Purouse
DS ‘ User VO Pins
6 OTHER|
VO PINS
g
D7 @F:
RESET RESET

y v 9 o {
719 231 msds e ludnuassan#5ea

Din >< Bitn X Bitmt]
CCLK /
Bitn-] X Bitn

$ a 14 o
U7 2.32 unngiinamistloudeyalisunsuneuiinludnuazaavd5ea
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det o

2.16.2 malvanuludnyasnames¥iSea
] 9/ o dy [} a 1 ] ] o
msae v ludnuuzidiunnu ldsunsuasud nazdnainnisae ludnrea
A 9/ o v o ° ' Y P} P}
usnAe 1% PROM wies xci7oex dlusafuTdsunsy vhivlddeaderanteu
] [ y
Tdsupsumeninisaeuiin  ¥93smssalisunsuaouinas PROM ¥imutuaeu
o’ ‘g’ ~ { y
Aalifie wAlin (Make Bits) a51IWd BIT 9nvesnesnuuy uazldlusunsy
Y} Y o o Y o 4
MakePROM 91514 Hex IWdudinissalilsunsuas PROM Megilnsaisa PROM fian
%4 ar ~ 1] ar & -] o
nisusual Tsunsuuesladet PROM XC17XXX srdsdyanameinsaeuinlify
o o d' o Y d' 9,
ginsal FPGAs Auanalugiln 2.33 Do-D7 iWluwsudeyanlslumsaeuinuuuuuiu
% v Yo : & ] o
A0-A15 1Wuusaasan FPGAs 519148y EPROM mamu%gamnﬂmﬂmmmm
Y a ) b ) Ve Y 4 g Y
'l ludun@nusy (Static RAM) ueatasaais 16 1@y Tisuiluassdevasuf lddueg

o Y ° dq ¥ o Vo £ a ¥
AUUYUHINUDINUITAIUD EPROMYI‘hf llaxﬂ"ﬂl'ﬁﬂﬂ"‘"uﬂ‘lﬂuﬂ‘uuﬂiﬂﬁﬂvlﬂ

HD‘g 1- Cl) ——————+TO DIN OF OPTIONAL

P MO0 M1 PWRDWN
DOUT
| + TO CCLK OF OPTIONAL
. M2
|
|
| —— HDC
l TO CCLK OF OPTIONAL
: XC3000
General Purpast J 300 —TO DIN OF OPTIONAL
User /OPms | —_JINIT FPGA w50
! DEVICE
; |
' | | OTHER vCC vep
: 1 O PINS DIN DATA
|
~ - CCLK CLK
~ XC1736
RESET—T—(_) RESET pp————JCE
— CHO—
E/RESET
(LOW RESETS THE XC1736 ADDRESS

1 ' 9 o
71 233 msme lsnuludnvazinanes#iSea
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+5V
+5V O O
MO M1 PWRDWN
M Al5 »ALS SK§ §
Al4 »A14
Al3 »A13
——HDC Al2 »A12
All »All
—inc e yyy BeN
A8 »| A8 DS Q
—) INITXC300087 » A7 D4
FPGAAS iy DSIN
DEVI A; S 2% B(l) Q
OTHER -5 A2 N
JOPINS A7 Al
A0 » AD
- DP e
DO-D7 -
——] RESET INIT OD—NC
Resprogram {> open collectar

<]

Y ] 3/ o
77 234 nsde lyam ludnwaizinamesmusa

2.17 TemsszTalumsldaiingel FPGAs

]
o A

- ° 04 ' 9 o v Y o o
ﬂ@ﬁﬁ"lﬂﬂl fiv ﬂﬂﬂim FPGAs vhﬂﬂﬂ']'lﬂ'iﬂuﬂ']ﬂ ﬂ'\i'ﬂﬂﬂéiﬂﬂﬂ'}ui\iﬂ'\ﬁ\iﬁq

y
Y A a

A @ G A o I ° o et 9 o
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port(ab :in std_logic;
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¥ <= a xor b xor carry:;
nd behave:

1/ 2.39 w3174 full_add-HDL Editor

9
r ° ~ A 7y
NS TUATIEH (Synthesis) Talsunsa Tnenanundniuy Systhesis naz

A o . 14 . 149 a Y o P
1a®NN Systhesize DMINAT Systhesis 'lun-uaﬂﬁwmﬁazﬂsmgnumwmgﬂn 2.40

DL Editor

U7 2.40 #¥irée HDL Editer

nanamsianain gy ludlen Tdsunsy

2.19 TuppumsaesmahanulaelfvevinivesuItnlade (Xilinx)

9 4 9 : 4 ~ 4
naulUNMIA Project Manager WAINANNAN Schematic Editor 9UaAd

HUIA19UB3 Schematic R332 2.41



40

& Foundation Schematic Capture [Non-Praject - _FUOLINOT SCH]

hmm]

17 2.41 n¥id1e Schematic Editor

v £ [

v W A a A A o L7 a ot
NNMIUAVITAAANT full_addxnf 1o InanlWd full_addxof uadRANRNENMIY
; 4 o 9y . iy ¥
File 141221880 Generate Schmatic From Netlist IN8¥1M3 83192995970 Netlist 711alass

Y [ P
HAAIMIIANAILN 2.42

enerating Schematic

ull add.alr

31]‘71 2.42 WU Generating Schematic

[y n’l a a o . & o 9/ E Ay ¥ o n’/’ °
ﬂUanﬂﬁﬂW‘lﬂﬁ Full add.air IWONINITHI19995970 Netlist Vl.lﬂ HAINUUNM

s InanIWld _fullool sch szuanansnaadagii 2.43



41

103 Non-Project - _FULLOO1.SCH

- -

P ﬂ:}- - B

L[ B

17 2.43 w919 Non-Project-_Full_add.air

:I’ - H . k2 o i % Y [
INWUABNRNEN Simulate (WOYIINTT Simulate Fygar Feazuansmngmensgl

=h.

2.44

31 2.44 1@ Logic Simulator

: a 4 Y A ° w Y 4
mnuu%mmﬂﬂﬁmg File 1ta1a9nA1&dN Load Netlist... 9UAAINUIAN Load

Netlist #3319 2.45



42

Load Netlist

full add xnf
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X(o-1)

X(n-z) '
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i 0l

Y@-2)

[ Ya1)

i

Ana!og O/P DIA |«

U7 3.1 uden'lnezunsuues Second-Order Digital Filter

dygnusmaensuymezgaulauiludygnunsnealas A/D (Analog to Digital
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] o v ° ° ] 14
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Y(n) = a,X(n)+a;X(n-1)+a,X(n-2)-b; Y(n-1)-b, Y(n-2) 3.1)
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9 o 3 A o ° [ v " Y a [ ¥
wioufu emiudsuhmsdaum Ya) alwideluaeiinsdindn

3.2 AvmeaRamesuuuaUASALDNIDS

3.2.1 M3314 Distribited Arithmetic Digital Filter

NAUNIT (3.1) Second-Order Digital Filter
Y(n) = a,X(n)+a,X(n-1)+a,X(n-2)-b, Y(n-1)-b, Y (n-2)

szwtu lumsimis Ya) svasnimsgaiasyan
Ay ¥ o 9 a {dy 9/ ° 9 ° ]
nnilanswdunaii  msgulussufiuaesildnannn  Mildmsieml
a ¥y & v a
aunsaiflunmesy (eal time) 1A FlnseaiNuuvBUANAUINUY  (Distributed
) . Y d
Arnthmetic Structure) 159 1A59d3 1MUY Rom/Ace (ROM-Accumulator) ausanlasums
A o 1 ©

gauilun1suan (Adding) tazasiion (Shifting) Tasriwienrws sz ROM wse
RAM unlszgnals
3.2.2 HaNMSUBSIATIAT I MU LIRYASIAIDNIDS
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ac+aiz-1n+Qz2az-2)
H(z) = (3.2
@ 1+biz-n+baz-2 )

~ v oA A VA
WS ULUVUVFTUNISHRAITU l‘ua\i‘lﬂﬂa

Y(n) = aoX(n)+a,; X(n-1)+2a,X(n-2)-b; Y(n-1)-b,Y(n-2)

L.

Tasl¥  X@), X@-1) uae X@-2) Wudmdudayansid

Y@), Ya-1) haz Ya-2) dusnudagnueen

¥ s ~ A‘ o
ag, a1, az,-billaiS-b, l'ﬂuﬂ']’dilﬂi:ﬁ'ﬂﬁﬂlﬂﬂﬂ']ﬂiﬂﬂ

o o S/

a 9/ a ° °
’J% ﬂ']i‘llENIﬂi\'iﬁiNLﬁ‘Uﬂﬂlﬂu%ﬂll‘N‘n'lTﬂﬂﬂ”lﬂ%8ull1ﬂuﬂ’lﬂﬂﬂﬂlﬂnﬂll‘lﬂuﬂ$

> ]

] 4
Ao o

o w o 14 o [} a 4 Y
ﬂ']ﬂﬂﬁm'ﬂg']mﬂﬂﬂﬂ?ﬂﬂ?lﬁ‘mlﬂﬂﬂ')ulﬂﬂlﬂﬂﬁﬂq (2’complement) NUVIUIUUNTIUNY

A [ a A A A
lﬂiﬂﬁﬁﬂ'mﬂﬁﬂlﬂu B un 145ﬂWﬁuﬂizwmlﬂulﬁ‘llﬁ']uﬁﬂ\iﬂﬂ

X(m) = Xo(0)X1(n)Xz(n).. . Xp-1(n) 33)
Y(@) = Yo(n)Y:(n)Y2(n)...Yp1(n) G4

TaeN Xm) 1oz Yom) iuinfiuaauniomunevesdaey @1 Xi@) 4as Yim)
1 y
li=1,2,...B-1] ifluiind i vesdwudaenm uaziiauiu o wse 1 winiu
o 9 A
VINAUNTS (3.3) 919152119 lugluuuves 2°s Complement v

B-1

X(n) =Xo(m)+ . X(@)2* (3.5)
i=1

B-1

Y@) =-Yom)+ ), Y(@)2' (3.6)

i=1

WoLUNUANMT (3.5) 4aT (3.6) aaluaumsHanduIieg

Y(n) = a,X(n)+a;X(n-1)+a,X(n-2)-b; Y(n-1)-b,Y(n-2)
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la )
3-1 5-1
Y(@) = a0f-Xo(n) + Z X@)2'] + a[-Xofn-1) + Z X(n-1)2"]
+ a3[-Xo(n-2) + BZ_: Xi(n-2)27] - by[-Yo(n-1) + BZ_: Yi(n-1)27]
-b;[-Yo(n-2)+2 Yi(n-2)27 3.7
devnssanailni TaaerdinfiguiefuniSousaniues 14
Y(n) = -[aoxo(n)+arxe(n-1)+a:Xe(n-2)-b1yo(n-1)-b;yo(n-2)]
+le1 2" [apxi(n)+arxi(n-1)+a;x,(n-2)-b,y;(n-1)-b.yi(n-2)] (3.8)
i aox(m)+agxi(n-1)+a;x,(n-2)-byyi(n-1)-bsyi(n-2) = Fi{.} (3.9)
sl Y(n)=2 2L} - Fof) (3.10)

9. b4 o o 1
NaIINANMS (3.9) waz (3.10) srlalassgsnuuumundialentas Tagiian
Y
Hendunamuaves F{} umiuiluasiatlag (Look up table) Taselumsiuilagha
fsnnaums 3.9  uazisn F{} Ndwlsey 5 @ As Xi), Xi@-1), Xi-2),
° vy oy ¢ o P v o o :
Yi(n-1), Yi@-2) Minarsnilagualeanduves F{} eg 2° a1 arvesilandu F{} 99 32
] dy ° ) Y o Y A - Yy o 9 A A .
aszgnAnnaaniinsilamulvmas B Un uduhuliluseunsousy mevinly

9/ a 1
asnanseeasll

des ° [V (YRR,
3.3 myasumaailaganilendy ki dmduiansesduduaes
A 9 ] A A o o 14 o 1 A o a o
wie lagunsHaAnauilessudugeuad mdulssansguiuinn 1 weq
[] [ J
*i’fmgaLsdazﬁmé'amnﬁmﬁn'l%'mnaﬂmsemﬂﬂﬂm Xin), Xi@-1), Xi@2), Yi@-1),

Yin-2) fauaaaluaisian 3.1
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H A o - AJ
M7 3.1 dulseans

dumiedi HOAIATTTUDITOU el Fif.} molusou
X{n) Xi@-1) X@2) Yinl) Yin2)

0 0 0 0 0 0 0
1 0 0 0 0 1 by
2 0 0 0 1 0 by
3 0 0 0 1 1 -br-b,
4 0 0- 1 0 0 a
5 0 0 1 0 1 arb
6 0 0 1 1 0 az-b
7 0 0 1 1 1 arbi-b;
8 0 1 0 0 0 a
9 0 1 0 0 1 ar-bs
10 0 1 0 1 0 a1-by
11 0 1 0 1 1 arbi-by
12 0 1 1 0 0 arth,
13 0 1 1 0 1 artarbs
14 0 1 1 1 0 artayby
15 0 1 1 1 1 artarby-by
16 1 0 0 0 0 a
17 1 0 0 0 1 a0-by
18 1 0 0 1 0 ap-by
19 1 0 0 1 1 ag-by-b,
20 1 0 1 0 0 arta;
21 1 0 1 0 1 actazb
22 1 0 1 1 0 agtar-by
23 1 0 1 1 1 agtarbi-by
24 1 1 0 0 0 acta
25 1 1 0 0 1 agtay-b,
26 1 1 0 1 0 agta-by
27 1 1 0 1 1 agtasb-by
28 1 1 1 0 0 agtarta;
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4 1 ar s A(
3197 3.1 (fv) Mduilszans

Fumiah UDAIATTUBITOU Mol Fif.} nolusou
Xin) Xi@1l) Xin2) Yin-1l) Yin2)
29 1 1 1 0 1 agtartarb;
30 1 1 1 1 0 agta,+ax-b;
31 1 1 1 1 1 agrartas-b-by

3.4 MIfa Y() lunsgifinsesdusduasy

NENMS (3.10)

B-1

Yo) =D 2'F{}-F.{}

i=1

s lunmsdnam Ya) szassiimsuanaiilaien F:{.} uaznsousunis

{@ou B-1 ﬂs"a B=1vauiin) udwinisausn 1 ﬂigq SAUAMIINITAUINMIANZADS
nsZM B ﬂ‘a;{i

ugnnnsnAneailIdRansessuFIHN Tnelaianseasusuaed 3 gan

o [ u’:, ° d 3
AENAA (Cascade) M AsHSANMIAMIBUENTYM 3 Tuasu W lilawaunis

V(n) = ag; X(m)+a X(n-1)+az:(n-2)-by; V(n-1)-b;; V(n-2) (3.11)
W(n) = a5, V(n)+a;,V(n-1)+a2,V(n-2)-b;W(n-1)-b,, W(n-2) (3.12)
Y(n) = a3 W(n)+a;sW(n-1)+a;sW(n-2)-by; Y(n-1)-b,;Y(n-2) 3.13)

] Qo =Y Aa s u’;’ li'

108 an, an, az, by, by WuMdUUszAntvesdinsesludunoun 1
A LY = A‘ o :I‘ i

au, a1, 4z, bz, by WIUAIANSEANTURIF NS0 INTURBUN 2
U ~ A’ ['Y) ’ Q’ll $

a0s, 213, 3z, bis, by IHUAMTUUsEANTVRIFINT 0 I UTUROUT 3

] [ 9
Tudaweamsratlagezll 3 a5 TaesHandu F.{) Adulumsien 3 Sudeil
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TABLE 1 F; { X(), X@-1), X(n-2), V(n-1), V(n-2)}
TABLE2 Fp { V(n), V(n-1), V(n-2), W(n-1), W(n-2)}
TABLE3 Fgs{ W), W(-1), Wn-2), Y(n-1), Y(n-2)}

3.5 MIFAUINUM Y(n) VBIINTDIOUALNHAN

B-1

V=2 2'Fuf}-Ful} (3.14)
B-1

W) = D, 2'Faf}-Fal) (3.15)
i=1
B-1

Y()= . 2'Fu{}-Fui} (3.16)
i=1

Tas  Faf}=Fa {Xi), Xio-1), Xin-2), Vin-1), Vi@-2)}

Fa{.} = Fa { X@), X,(0-1), X@-2), V,(0-1), V.(n-2)}

Faf{.} = Fa { Vi(n), Vi(n-1), Vi[@-2), W;(n-1), Win-2)}

Fo{.} =Fa { Vo(@), Vo(@-1), Vi([0-2), W,(n-1), W,(@n-2)}

Fi{.} =Fs { Wim), Wi(a-1), Wi(n-2), Yi(@-1), Yi(n-2)}

Foi{.} = Fos { Wo(@), Wo(n-1), Wo(m-2), Y,(n-1), Yo(@-2)}
wazTmss TRty unssidnsessusudes uAv13En s Ry 3 Aie

Tnssadnvesdanseedanauuut ounduiFaavsusvasslas 1o auns
(3.14), (3.15) waz 3.16) rmnasuiluresmeBidamsening wisasausaaaaly
gﬂﬁ 32 SRI uaz SR4 Lﬂﬁ%ﬁtﬂ@%’ﬁxéau%gmmﬂ L i @wmuuvsusenuy
OYN5N (Parallel in Serial out) SR2, SR3 LAY SRS ﬁlu‘%’%maéﬁa&au%’ay’ah’fmaﬂunn
8N (Serial in Serial out) R1, R2, R3 ihisTammesifudeyauvudansm @eyadresn
HUUUUTH) @94 ADD/SUB (129951 aniauud nafaiiades  S4unoumsine

[ %4 dy
AU
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x(n)

T SN

x(n
x(n-1) "
552 EPROM Fi
L >
Yoz ROM
L x| [ R ]
ADD/SUB

y(o-1)
[_SRS | ET I

¥(n-2) {}
yin)

4 b 4 'Y v a v o A
717 3.2 TassafrvssdnsestlounduiFuaususuiaes

1 4
° = Y 9
1 shmsaudeyanoluiames R, R2 uaz R3  simfwims Inaadeya
9 a
X@) w1 1Ay 45 3ames SR1
2. leMiYMUesdaIAes SR1, SR2, SR3, SR4, SRS Aedudayana: x@), x(@-1),
o w 3 4 ] A .
x@-2), y@-1), y@-2) awdnu galuiluusamsaves ROM momewes F; e i=L
2 a A o 1 An v g 9/ aa 4 .’,' o 1 LY
(189iny L) sinwes F; 1 lany 1 lussaees R1 anthaialu rR1 uanduailu
Y o iy ¥ v Y o A ' Y
R2 A28299510 ADD/SUB wadnin Tagniiu13lu R2 wisudumasuamSedeyalu r2
Tinevn 1 On
° A b4 AAn o a A o ¥
3. msiasuveyalueames SR1, SR2, SR3, SR4, SR5 1Y 1 4in iedmuasm
v 9y 4 o $ o v $ [
usansauns ROM Ini lafwes F; e i=inh L-1 thawes Fndluli lwSiawmes R1
S o o 1 y o oduy & n¥
vl R1 vandudlu R2 989995 ADD/SUB wadwsn lagainulily Rr2
g o A y A Y o
nioufumasuamseveyalu R2 Tumewa 14n
b 4 v ] [
4. TuvimsuReafunszhdnauduaeun 3 dmsy =in L2, L3,..1 aw
Ay
4 t4 s

LY <t v o o A A A A 9/ s o
5. VUADUUILUANANNVUUABUN 3 AT 4 ﬂammaaumagaius%ames SR1,

y [}
SR2, SR3, SR4, SR5 Ao91ntuasuN 4 1180 1 in dmsuve F, uaziie iy 13u
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n’: o 1 A 9 ' o cey VA o o
R1 niniwhdmseveyalu R1 Taveennindilu Rz madnsnlenedwudyanu
9 a 4 ) v
y@) wazgminu1ilustmaes R3  mesemsutlaafludygnaudgiinude

o :l q’/’ L] & o r ¥ [ ar ar
6. nszManmuduneu 1-5 Inisnisos q SmSuma ym) ludwudall

3.6 MILRALUVAIINIVINTBITYRNBUTUaUS U 6

wedumsdssudnariauad HAZAARIINGBINYBINRSUAT NBRDNI T3 1906
Tﬂiqagwuaqﬁaﬂsaaﬁ"q;m”ml%mmﬁuﬁnﬁaeﬁqﬁndnmué’a U8 Cascade fiu 3
2995 1madnnuniedszianaviia DA MssiaRoraduldm fuandlugld 33
weliazusnesuemsiemaii 3 duneusdt

1. Yunerii 1

Auieues MUX1, MUX2 sludmmis A Taelinaes S/H, A/D, RX0, RX1,
RX2, RV01, RV02, ROM1 Uszasuiudiulnseasudanseusauavsusu 2 dausn Tae
19nmalszurana DA fiv99519n au (ADD/SUB) uasisaines ACC(Accumulator) 533
fu dyenuiildniuguiie SC, LRX0, CKX0, A/S,CLACC, LACC ey MI Situnou
Yo

1.1 7495 S/H (Sampling and Hold) (33959335718 u1 A/D) vhnsgudaanu
(391l x(t)

12 A/D (Analog to digital converter) gnauANAsdyas SC Wiinisulas
"agapm'?i”lé'mnmsfiu1ﬁti‘luﬁ1ﬁu€mﬂpmx%mm x(n) YUIA 8 UN

1.3 daygaunlugy LRXO ﬁmﬁﬁhﬂaﬂaﬁﬁnﬁqagmw?ei’faga X() 191 Ty
Mhisimans RX0

1.4 FYaUUIRNT CKX0 mxﬁmmﬁaui’faga x() 1459e1A0S RX0, RX1, RX2,
RV01, RV02 Tafias 1 8 WY NVBUARZTIAIADS B x(n), x(a-1), x(n-2), Vo(a-1),
vo(n-2) ﬁgmgauuda:ﬂsgqm:ti‘luuaﬂmmaa ROM1 (ROM1 9zgniasnaisdaiana: M1)
(eMYNU89 ROMI ngnda"lﬂmnf'fumﬁaéiu ACC #28239513n ADD/SUB (AL
msvIndedyga A/S) madnsilaezgn Tnaah i3 Ace Medaae
LACC

4 9/ a ° oy o
1.5 CKX0 azt@oudoya x@) 1Usn 1 9n udanszvidnde 1.4 aunseia CLX0
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idoudeyalidelindt & Swheillaninieniunuss RoMI Taueensinariiediu
Acc @lRomnnsuinvesmsiaendeya 7 afy) wadnin 1Rezgn Tnandalylu
Faenmes RVO, ?fyuqmﬁﬁmm'?umuﬁ 1
2. Sunerdi 2
Auniares MUX1 ogluduiniia B dau MUX2 sgauviaufuns A Iasu
53ames RVO, RVO1, RV02, RVI1, RVI2, ROM2 ilsznsuduiiulassaitevesdy
nseuduausudud 2 daufiaesldnindszutanauuy DA $aufumileudunenud 1
suu1dsviadl Ao Uszananavestansestususudl 4 thues dudyguaIay
fie LRVO, CKVO, M2, A/S, LACC, CLACC, LRV1 iniloufiude 1315 Tnewdou
??iﬂmes’uazﬁmummmuqumnﬁﬁvﬁu{
39awes RX0, RX1, RX2, RV01, RV02 =>RV0, RV01, RV02, RV11, RVI2
UBAATY x(n), x(n-1), x(0-2), vo(n-1), vo(n-2)
= vo(@), vo(n-1), vo(n-2), vi(n-1), vi(n-2)
ﬁaﬁymmnqu M1, LRX0, CKX0, LRV0 = M2, LRV0, CKV0, LRV1
3. Sunef 3
At MUX1 g TuAwmeis A (Lv‘igasaﬁnmiué'nﬁuﬁmqgm X(@) 1) MUX2
og ludwmiia B Tngdl RVI, RV11, RV12, RY, RYL, ROM3  dszasuduiiulnseasne
Fnsoedusudesdaui 3 q‘fumu‘fiﬂumsﬂs:mawmaqﬁaﬂsaqﬁuﬁ'ﬂﬁ 6 Ty
dygnuniuguAs LRV, CKY, LRY %umumsv'iwmmﬁauﬁm’fa 13-15 lng
WaenSsaned uazﬁaujtgmmuqumnéﬁuﬁqﬁ
Jecaes RX0, RX1, RX2, RV01, RV02 = RV1, RV1], RV12, RY, RY1
UBAATH x(n), x(n-1), x(@-2), ve(n-1), vo(n-2)
= vi(n), vi(@-1), vi(n-2), y(o-1), y(@-2)
deyanunlugu M1, LRX0, CKX0, LRVO =M3, LRV1, CKY, LRY
Funeuiiszuanmaiudunendi 2,3 fo e cxy irouteyalisainesin
Sefindt 8 uda Fygm LRY sxims nasnadnsiftu 13t Buffer tiievimsulag

r o o = 9 :', o o :’
woFusuiudyaadgiinuaieases DA mnsiuezaundy lilvamudnlu
y

L. s yu ar o oOr s r 4
dunsy 1,2, 3 Mua1ay 399z ladansssdaansuuaususy 6 Aataaslngili 3.3
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3.7 anBaEN1SeRNIUY

& .

3.7.1 M30BALULIDINANUHLIY (Bottom Up Design)
Tuepadaileqiunseenuuulussuuitnenssilludnuaziifoni  “mseen
1 L Ay 2 v o, o ¥ Y q¥

HULDINARIUUU” (Bottom Up Design) ABHBSAMULIITHAURMUAT e 1d2Td -

o a < o ° 3 Y a ¥ A 14
nanmsnunguuiissemtiuflesddunsiouding  udauSuausenuuy  islaaes
49 v ¥ ¢ ' 1 Y A o

MUNABINTURITZABIMIGUATANINTFIUAN 195 IC 74LSXX luau erianses

o/ o o ° ] A ¥ 9 ' U4 o 14

Sudlsddumsiudng  Alanamsesnuvy  orhiensamginssiansessylde:

9 1Y [} u’: £ 4 ° °

ABILBNLUUNSOAALYAI99s Il Tuduneuganiie Aemsdinsinisieulaenaass

v
ININVTAUULD

' -
3.7.2 M38nttUBINNUNAIA (Top Down Design)
o ¥ > . ' Y
ﬁ]‘mmsaammu‘luﬂ’wa 371 UY 61uﬂ5€lﬂ17'ﬂ'NTH‘UEIQ')Q%‘Jvlﬂﬂ?QﬂTﬁ‘Uﬂ
° 1 4 ° v .’f = v :
AMURUAADININITODNLLY llﬁ:ﬂixﬂ@ﬂ')ﬂ%ﬁi‘lﬂﬁgﬂﬂiq m%znﬁu?wuﬂauuaz
1 4
o ' v 9 [ o '
ﬂfxll'luﬂ'ﬁﬂﬂﬂﬁ']'Jq»iEl'!ﬂllﬁZi‘lﬂ'Jﬁ']ﬂ']ﬂ ﬂﬁu‘u‘luﬂ'ﬁﬂBﬂllﬂﬂ?ﬂﬂiﬁﬂﬂi’ﬂﬂﬂ'ﬁﬂ'ﬁﬂ
an s/ a as Al A 9
ﬂﬂﬂll'ﬂ'lJ53'1]'Uﬂ%ﬂﬂﬁ‘lﬂﬂ']ﬂllu?ﬂﬂiﬂﬂﬁﬂwﬂ Iﬂﬂ')ﬁﬂ'ﬁwﬂugﬂuﬂﬂllﬁ?ﬂﬂﬂﬁNﬂ'\i
° : A Y v A A A e :
'VITQTNﬂﬂQEﬂllUnuu‘ﬂulﬂu‘VﬁﬂWﬂlmtﬁﬁﬂﬂﬂ‘] lwm,ﬂlli'lflﬂ:mﬂﬂ‘llﬂﬁlel'lell‘nﬂzﬂu
=& 1 o’: A ° ° 1 4 a 1 4 ° ) 2!
mlutmﬁz‘uuﬂau’d’m15971%%’1&1a»imimﬂumtﬂﬂﬂm’wmu'lﬂ Vl'limﬁﬂ]ﬂﬂ'lﬂ'ﬂ
° a o S a A a Y a o Yo A
sluuumaihamesiinldandagissasiidy  WeafadsRammatannsoud luldwd
o n’: £ o o ° :’ :
ﬂﬂ\ﬁ']ﬂuu%ﬁu']vlﬂaQQﬂﬂiﬂlllazﬂﬂﬁﬂ'ﬂﬂTﬁ'?’l']\i']H‘llﬂQ'N%i‘lf']gﬂﬂi\i ﬂ'ﬁﬂﬂﬂluﬂ]iu

E4
dNYASHITENTT “N1TOBAMUVINUUAEAI" (Top Down Design)

oSy
3.8 I8N1508NUUD
9y * .’,' ° 9 dyd oy
VNVBAVDINITBBALUUINUUAIA NN minlaseanuiiasnleisnsesn
[ Y a °
suymnpuasanlunsesnsnsesdagnautuay  lasmin1seenuunI99snsoq
ﬂ' [v) l!’ o' - o o ¢ o a d' 9 é
At eunduanudduBuavuuuanesnesssusuT 6 lasldnun VHDL duslu
a o a ° v in & Yy v ¥
wovluasuesuTimlated Xiim) uazvinmsairaiiuisesand ldeenuuy 13udaaqe
o a o a o e Q’l’ o
QUnsal FPGAs veeu58n laten (Xilinx) dunsumseanuuy Iusunsunazginsel

o o _.1d
AINaNUAIRIFUN 3.4



SN ERETEEE RAn TR e A e

T T

- s

-TRCTTMDT DR T W RTIREEDN (1 D0 LIS R SIS TRCE TN TG BT RS ORCATERCAN R WS

62

VHDL Source
Xilinx Library
————————»  Synthesis
, Y
* xnf * air
y
Simulation and
Debugger
Gen. Schemetic
FPGAs Inplement XNF Netlist
and
Developer y
Design Inplementation
Place & Routh
Make Bit & Rom
Verification » Logic Cell Array ¢ PROM

4 o ° 9/
U7 3.4 Aansvinuvesmseenuuiiees Inglovevins

uazqinsel FPGAsvevTim lodas (Xilinx)

3.9 MIVBAUVLINDINIBDITYANONTIUAUAIATH VHDL

or a o o 4 4 9
710U aﬂﬂ\lﬂ DLUNTUUDINAIT ﬂsammuagmwmamauﬂnﬁ 6 Li"lf’f’]&l’]iﬂﬁ‘ﬂ:i‘b’

Y1 VHDL senuuy Iasnisuiauasnnisyitaussnidy 4 d9u fie

1. 994N15AIUAY (Control Unit)

2. duMsUszurana Process Unit)

3. d9uMsIABULBYA (Shift Data Unit)

" ﬁ(
4. drumufumdulssans (Efficiency Table Unit)
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2 Q’J’ k4 ﬂ’.: a °
%ﬂﬂluﬂﬂuﬂ’ﬁi%ﬂ’ly’] VHDL ﬂaﬂllﬂﬂuulsﬂ'i]‘]ﬂﬂ'lﬁﬂ'l'ﬁﬂﬂ'll%ﬂﬂi?ﬂ‘uaq

o Y o a ) ¢ Ay o a
MINWNIU ummﬁuﬂé‘(t:gmmauvmuazxmmwmmmsm;ﬂw 35

data intput
from A/D

UL

i 4
Output HtioAATES
499 ROM

g
—————

I
i

data input
from ROM

D0
Digital filter

Clk :

|
6 MHz e : . data output
} toD/A

1
l

M2 Select ROM

710 35 vAsnswMshauve eI nsssdy e

9031 3.5 vAensIMTINUYBEsNseIdaauBuay Uszaeudls
9 =Y é = a =Y o= ld'd @ o a
1. UByasuHN9In A/D Halivn 8 iin laeiin D7 Wuiinfiided gy gega

Y a t a = o 9/ <& 9 o
2. VBUADUNN ﬂ'lﬁlllliz’d'ﬂﬁﬂ]ﬁﬂ')\?%iﬂiﬂ\iﬁﬂgﬂl“lmﬂzvlﬂ%'lﬂ EPROM cm"lﬂm

o

Q7

o <2 b o~y ] S o o o~ d’d @ o
mstunn lativine 8 Smswdeaiu Taedin D7 dudindideddigygega
3. dyamndon (Clock) Y41A 6 Mhz
o y° [ Y, a & ar o a 14
4. dygnurdumidudszdnivesdinsesdayansutuay  Uszneudas

Y8481 Xn, Xnl, Xn2, Vn, Vnl, Vn2, Wn, Wnl, Wn2, Ynl, (a2 Yn2
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5. seyaeniymiudygnauduay werh hlulaadudygongeguum Tae
14495 D/A
& 9 A Qs Ay
6. dayanas M1, M2 uaz M3 e 151un151aen EPROM #anasdnis

7. dygna s_H iludyenudmunniuatuns Sampling 1¥iuaees AD

v
<5 o
3.10 ‘i'l’uﬂﬂ‘uﬂ'ﬁ@ﬂﬂll'l.lll'l.lﬂﬂﬂﬂ'l‘iﬂ'l\ﬂuﬂ'mlu
A 14 o ¥ d ' d ° 1
nnfnanruamlwiiven 3.9 wannsawisuaennsihamueenily 4 dau
é L 1 H 1 o g o 1
Faezileg 3 danegmeluvdennisiemsanvedisesnsesdyapanfuavie  dau
(] [} 4 14
MSAUAN (Control Unit), daun15Useudama (Process Unit), uazdIumsiioutsya
\ ' ] AI o ~ "I’
(Shift Data Unit) @msudauvesmsnmidulssanivedsesnsosdggnausauaviv
TABOYMEUEN
o : 14 ° s {
AaiulumseenuuunIenI) VHDL ssiinisesniuuies 3 dauneg luuden
o o J
MSIUIIN Al
\
3.10.1 dauilszanana
"o Y A o 9 t o a o ° Vet
N lumssuveyasnmsiesmdulssansunimsdszuaanalasleisas

o A IS o 4'
wingzay uazendumsaufulledyanu A_S Iauiiu <17 dwaasluzili 3.6

A_S —» —» D7
Ckacc—»| — }
data
Cky0_| | ! _acc
Clacc ._L
DO
U D7
Uszuiana |
s
D7__—_: — | data_out
. —» |
data input | 3 —>
from ROM : :: ’ DO
—»
DO———D

717 3.6 vaenmsauvesdlszulana
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%’lﬂ?}"lh'l 3.6 'Uﬁﬂﬂﬂ“ﬁ’ﬂﬁl\nuﬂlﬂ\‘lﬁ?uﬂizﬂjﬁﬂa ﬂizﬂGUﬂjﬂﬁmQ}']mﬂTQ‘] AU

o as iq ¥ o 9
1. dygnm A_S dudyanunlesmuanisuinnisaudeya

€

a8 Ckace Wiudyananninuesdiuiszula

v v

2.

= Qi ~ {
3. U8Y091n ROM diusduilsz@ntvenisesnseuduaviiiulu EPROM

Qe Re AQ

9 o o o v
4. UBYD data_acc auiludoyanadnivsamsuantumeludiuiszulana

9 v d , ¢ Yo
5. ey data_out eziluveyandeseneninn Tavezlydyene Ckyo i

LT
a P ° v Y
dygnannimnezimuansdeveya
Qs d' Y A 9 ¥
6. dayaat Clace axtitudganunlnndesdeyaludaulszurana
@ ° ] ° e Y Y a
AnyazMINIUUsIdINlssuanane wimssuveyamduilssansves
[ ) a 9/ ° o 1 Y $
WITAINTDITYYUFUAUN1917 EPROM ummzmmsmn'ﬂ?aannum‘uay‘aﬁag
[ té ; () L% A o
meludmdszurana Fvusgiuidyanm A_S wiilu <17 wse <0 Tasmsienez
v ° ¥ Ay ¢ d 1+ py '
19 Ckace AruguMIsie ‘uay,a'n"lm:gmﬂnm'hmﬂiuuazgnﬁaaeﬂmma data_acc
[ Y A 1 y 9 PR
uazezAsIaouA Ckyd arlauily «1” NazdaUeYyaeenIN data_out
a 1 Y g8 & ' & ° °
yosndl0819 Iniune [sunsudauilszutana  Teesimsulnay Iasmsiin
Y o a a 9 ° [y :,' [
dudseansnaulilu EPROM uvimisuintu 7 ase  Iudnuaemsuanasay

s 4 . o 4
uazluasan 8 assiwnay dwaaslugli 3.7

LIBRARY. IEEE;

USE IEEE.STD_LOGIC_1164.ALL,

ENTITY acc IS

PORT (

ckacc :IN STD_LOGIC;
clacc :IN STD_LOGIC;
rom_data :IN STD_LOGIC_VECTOR (7 downto 0);
as N STD_LOGIC;
cky :IN STD_LOGIC;

71U 3.7 Tdsunsuvesdawlszanana -
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data_acc :BUFFER STD_LOGIC_VECTOR (7 downto 0);
data_out :BUFFER STD_LOGIC_VECTOR (7 downto 0)
)
END ACC;

ARCHITECTURE acc_arch of acc is
BEGIN
PROCESS(ckacc,clacc,rom_data,a_s,cky)
variable base,oper,result : std_logic_vector(7 downto 0):="00000000";
variable carry : std_logic;
BEGIN
IF(ckacc="1' and ckacc'EVENT ) THEN
IF(clacc ='0' ) THEN
result:="00000000";
base:="00000000";
END IF;
base:=rtesult;
oper:=rom_data;
IF (a_s='1") THEN
carry:='1";
ELSE carry:='0";
ENDIF,
FOR Ip in 0 to 7 LOOP
IF(a_s='1"THEN
oper(lp):=not oper(lp);
ENDIF;
result(lp) := (base(lp) xor oper(lp)) xor carry;
carry:=(base(lp) and oper(lp)) or (catry and (base(lp) or oper(ip)));
END LOOP;

U 3.7 @e) Tolsunsuvesdauilszanana
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data_acc<=result; \
IF(cky="1' ) THEN
data_out<=result;
END IF;
END IF;
END PROCESS;
END acc_arch;

3UN 3.7 (slv) Tlsunsuvesdanlseunana
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t
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[ o S/ a o A
dyane Lyo Wwudyanulums Ineadeyaninismass o luresiaou
b 4 = ° P a
VBYA FI9LVINIUNABTA “1”
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Taunga a1 daudlszulana

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY acc IS
PORT (
ckacc
clacc

rom_data

data_out
);
END ACC;

:IN STD_LOGIC;

:IN STD_LOGIC;

:IN STD_LOGIC_VECTOR (7 downto 0);

:IN STD_LOGIC;

:IN STD_LOGIC;

:BUFFER STD_LOGIC_VECTOR (7 downto 0);
:‘BUFFER STD_LOGIC_VECTOR (7 downto 0)

ARCHITECTURE acc_arch of acc is

BEGIN

PROCESS(ckacc,clacc,rom_data,a_s,cky)
variable base,oper,result : std_logic_vector(7 downto 0):="00000000"

variable carry : std_logic;

BEGIN

IF(ckacc='1' and ckacc'EVENT ) THEN

IF(clacc ='0' ) THEN

result:="00000000";
base:="00000000";

END IF;

base:=result;
oper:=rom_data;
IF (a_s='1") THEN
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carry:='1";
ELSE carry:='0"
END IF;
FOR 1pin 0 to 7 LOOP
IF(a_s='1"THEN
oper(lp):=not oper(ip);
END IF;
result(lp) := (base(Ip) xor oper(Ip)) xor carry;
carry:=(base(lp) and oper(lp)) or (carry and (base(lp) or oper(lp)));
END LOOP;
data_acc<=result;
IF(cky="1' ) THEN
data_out<=result;
END IF;
END IF;
END PROCESS;
END acc_arch;



e TPACTREE B R W

ST TR TEWREN W

98
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LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

LIBRARY SYNOPSYS;

USE SYSNOPSYS.STD_LOGIC_UNSIGNED.ALL,;

ENTITY control IS
PORT (

)

clk: IN STD_LOGIC;
clacc: OUT STD_LOGIC;
a_s: OUT STD_LOGIC;
ckx0: OUT STD_LOGIC;
Irx0: OUT STD_LOGIC; |
lrv0: OUT STD_LOGIC;
lrw0: OUT STD_LOGIC;
lry0 : OUT STD_LOGIC;
cky0: OUT STD_LOGIC;
ml: OUT STD_LOGIC,
m2: OUT STD_LOGIC;
m3: OUT STD_LOGIC;
sc: OUT STD_LOGIC;
ckacc :OUT STD_LOGIC

END control;

ARCHITECTURE control_arch OF control IS
BEGIN

PROCESS(clk)

VARIABLE ckx : std_logic_vector(l downto 0):="00";
VARIABLE clk_i : std_logic_vector(5 downto 0):="000000";
BEGIN
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IF(clk ='1' and cIKEVENT ) THEN

clock x:
IF(clk_i="110000")THEN
clk_i:="000000";
END IF;
clk_i:=clk_i+"000001";
clxi=ckx+"01";
IF(ckx<="01") THEN
ckx0<='0";
ckacc<='0',
ELSIF(ckx>"01")THEN
ckx0<="1";
ckacc<='1';
ckx:="00";
END IF;

IF(clk_i="000010")THEN
Irx0<="1';
ELSE

IF(clk_i="100010" or clk_i= "100100" or clk_i="100110"
or clk_i="101000" or clk_j="101010" or clk_i="101100"
or clk i="101110" or clk_i="110000" YTHEN

cky0<='1";
ELSE ¢ ='0";
END IF;

1% 3 P E——
IF(clk_i="010010")THEN
Irv0<="1";
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ELSE
Irv0<='0";
END IF;
m————————— - clock lrw ~—-—-——- e
IF(clk_i="100010")THEN
Irw0<="1";
Iry0<="1";
ELSE
Irw0<='0";
lry0<='0",
END IF;
-clock add sub ----—-— -
IF(clk_i="001111" or clk_i="010000" or clk_i="011111"

or clk_i="100000" or clk_i="101111" or clk_i="110000")THEN
a_s<='l",;

ELSE
a_s<=0";

END IF;

--—--——-—clock clear acc--------
IF(clk_i = "010010" or clk_i="100010" or clk_i="000010")THEN
clacc<='0";
ELSE
clacc<='1";

END IF;

----- -—clock m1
IF(clk_i>="000001" and clk_i<="010000")THEN
ml<='1"
ELSE
ml<='0"

END IF;
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IF(clk_i>="010001" and clk_i<="100000"THEN
m2<="1'

ELSE
m2<=10';

END TF;

-- clock m3 —---emmemmnamnean
IF(clk_i>="100001" and clk_i<="110000")THEN
m3<='1";
ELSE m3<='0";
END IF;
------- -—-clock s¢c----—---n--
IF(clk_i="000001")THEN
sc<='0";
ELSE
sc<="1";
END IF;
END IF;
END PROCESS;

END control_arch;
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USE IEEE.STD_LOGIC_1164.ALL;

ENTITY shift_data IS

PORT (
data_in
ckx0
1rx0
IrvO
ml
IrwO:
cky0

Vno
Vnl
Vn2

wnl

ynl
Yn2
END shift_data;

:IN STD_LOGIC_VECTOR (7 downto 0);
:IN STD_LOGIC;
:IN STD_LOGIC,;
:IN STD_LOGIC;
:IN STD_LOGIC;

IN STD_LOGIC;

:IN STD_LOGIC;
:IN STD_LOGIC;
:IN STD_LOGIC;
IN STD_LOGIC;
:IN STD_LOGIC_VECTOR (7 downto 0);
: BUFFER STD_LOGIC;
: BUFFER STD_LOGIC;
: BUFFER STD_LOGIC;
: BUFFER STD_LOGIC;
: BUFFER STD_LOGIC;
: BUFFER STD_LOGIC;
: BUFFER STD_LOGIC;
: BUFFER STD_LOGIC;

BUFFER_LOGIC,;

: BUFFER STD_LOGIC;
: BUFFER STD_LOGIC );
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ARCHITECTURE shift_data_arch OF shift_data IS
BEGIN
PROCESS(m1,m2,m3,ckx0,cky0,1rx0,1rv0, lrw0,1ry0)
VARIABLE 1x0,rv0,rw0,ry0 : STD_LOGIC_VECTOR(10 downto 0):="00000000000",
BEGIN
IF(ckx0="1' and ckxO'EVENT) THEN
IF (m1='1") THEN
IF (Irx0='1") THEN
x0(7 downto 0) := data_in;
ENDIF;
FOR Ipx in 10 downto 0 LOOP
IF Ipx=0 THEN
x0(0):="0";
ELSE rxO(lpx):=rx0(lpx-1);
END IF;
END LOOP;
xn0<=rx0(8);
xn1<=rx0(9);
xn2<=rx0(10);
ELSIF (m2='1' ) THEN
IF (rv0='1"THEN
vO(7 downto 0):=data_acc;
END IF;
FOR lpv in 10 downto 0 LOOP
IF Ipv=0 THEN
v0(0):='0",
ELSE rvO(lpv):=rvO(lpv-1);
END IF;
END LOOP;
vn0<=rv0(8);
vnl<=rv0(9);
vn2<=rv0(10);
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ELSIF m3="1' THEN
IF (Irw0="1"THEN
rw0(7 downto 0):=data_acc;
END TF;
FOR 1pw in 10 downto 0 LOOP
IF Ipw=0 THEN
™w0(0):='0";
ELSE rwO(lpw) :=rw0(lpw-1);
END IF;
END LOOP;
wnO<=rwO(8);
wnl<=rw0(9);
wn2<=rw0(10);
IF(cky0 ='1"'"THEN
IF(Iry0="1") THEN
ry0(7 downto 0):=data_acc;
END IF;
FOR Ipy in 10 downto 0 LOOP
IF lIpy=0 THEN
1y0(0):='0";
ELSE 1y0O(lpy):=ty0(py-1);
END IF;
END LOOP;
yn2<=ty0(9);
ynl<=1y0(8),
END IF;
END IF;
END IF;
END PROCESS;
END shif_data_arch;
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LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

ENTITY filter IS
PORT (

)

SIGNAL clk
SIGNAL input

SIGNAL data_rom
SIGNAL data_out

SIGNAL xn
SIGNAL xnl
SIGNAL xn2
SIGNAL vn
SIGNAL vnl
SIGNAL vn2
SIGNAL wn
SIGNAL wal
SIGNAL wn2
SIGNAL yn1
SIGNAL yn2
SIGNAL ml
SIGNAL m2
SIGNAL m3
SIGNAL s_h

END filter;
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Tlsunsai n.4 29950504 (filter)

: IN STD_LOGIC;

: IN STD_LOGIC_VECTOR (7 downto 0);
: IN STD_LOGIC_VECTOR (7 downto 0);
: BUFFER STD_LOGIC_VECTOR (7 downto 0);
: OUT STD_LOGIC,;

: OUT STD_LOGIC;

: OUT STD_LOGIC;

: OUT STD_LOGIC;

: OUT STD_LOGIC;

: OUT STD_LOGIC;

: OUT STD_LOGIC;

: OUT STD_LOGIC,;

: OUT STD_LOGIC;

: OUT STD_LOGIC;

: OUT TD_LOGIC;

: BUFFER STD_LOGIC;

: BUFFER STD_LOGIC;

: BUFFER STD_LOGIC;

: OUT STD_LOGIC;
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ARCHITECTURE new _filter arch OF filter IS

~===m-=- COMpONENt acc ~-——--—---
COMPONENT acc
PORT (
SIGNAL ckacc :IN STD_LOGIC,;
SIGNAL clacc :IN STD_LOGIC;

SIGNAL rom_data
SIGNAL a_s
SIGNAL Iry0
SIGNAL data_acc
SIGNAL data_out

INT STD_LOGIC_VECTOR (7 downto 0);

:IN STD_LOGIC;

N STD_LOGIC;

:OUT STD_LOGIC_VECTOR (7 downto 0);
‘BUFFER STD_LOGIC_VECTOR (7 downto 0));

END COMPONENT;
~==-——-~ component control ------ e
COMPONENT control
PORT (

SIGNAL clk :IN STD_LOGIC;
SIGNAL clacc :OUT STD_LOGIC;
SIGNAL a_s :OUT STD_LOGIC;
SIGNAL ckx0 :OUT STD_LOGIC;
SIGNAL 1rx0 :OUT STD_LOGIC;
SIGNAL Irv0 :OUT STD_LOGIC;
SIGNAL 1rw0 :OUT STD_LOGIC;
SIGNAL Iry0 :OUT STD_LOGIC;
SIGNAL cky0 :OUT STD_LOGIC;
SIGNAL ml :BUFFER STD_LOGIC;
SIGNAL m2 :BUFFER STD_LOGIC;
SIGNAL m3 :BUFFER STD_LOGIC;
SIGNAL sc :OUT STD_LOGIC;
SIGNAL ckacc :OUT STD_LOGIC;

)

END COMPONENT;
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---------- --component shift_data---------
COMPONENT shift data

SIGNAL data_buff
SIGNAL data_Acc

PORT (
SIGNAL data_in :IN STD_LOGIC_VECTOR (7 downto 0);
SIGNAL ckx0 :IN STD_LOGIC;
SIGNAL 1rx0 :IN STD_LOGIC;
SIGNAL Irv0 :IN STD_LOGIC;
SIGNAL ml :IN STD_LOGIC;
SIGNAL Irw0 :IN STD_LOGIC,
SIGNAL m2 :IN STD_LOGIC;
SIGNAL m3 JIN STD_LOGIC;
SIGNAL Iry0 :IN STD_LOGIC;

N STD_LOGIC_VECTOR ( 7 downto 0 );
:IN STD_LOGIC_VECTOR (7 downto 0);

SIGNAL Xn0 :OUT STD_LOGIC;
SIGNAL Xnl :OUT STD_LOGIC ;
SIGNAL Xn2 :OUT STD_LOGIC;
SIGNAL Vn0 :OUT STD_LOGIC ;
SIGNAL Vnl :OUT STD_LOGIC;
SIGNAL Vn2 :OUT STD_LOGIC ;
SIGNAL wn0 :OUT STD_LOGIC ;
SIGNAL wnl :0UT STD_LOGIC;
SIGNAL wn2 :OUT STD_LOGIC;
SIGNAL Ynl :OUT STD_LOGIC;
SIGNAL Yn2 :OUT STD_LOGIC

)

END COMPONENT,;

----------- ~-- end component:
SIGNAL ckacc_s : STD_LOGIC
SIGNAL ckx0_s : STD_LOGIC;
SIGNAL clacc_s : STD_LOGIC;
SIGNAL as_s : STD_LOGIC;
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SIGNAL cky0_s : STD_LOGIC;
SIGNAL Irx0_s : STD_LOGIC;

SIGNAL hv0_s : STD_LOGIC;

SIGNAL Irw0_s : STD_LOGIC;

SIGNAL Iry0_s : STD_LOGIC;

SIGNAL sc_s : STD_LOGIC;

SIGNAL data_acc_s : STD_LOGIC_VECTOR(7 downto 0);

BEGIN
Ul: acc3
PORT MAP
U2: con3
PORT map

U3: sh3
PORT MAP

END new _filter_arch;

(ckacc_s,clacc_s,data_rom,as_s,Iry0_s,data_acc_s,data_out);
(clk,clacc_s,as_s,ckx0_s,Irx0_s,lrv0_s,lrw0_s,Iry0_s,cky0_s,m1,m2, N

m3,s_h,ckacc s);

(input,ckx0_s,Irx0_s,Irv0_s,m1,Irw0_s,cky0_s,m2,m3,lry s,data_out,
data_acc_s,xn,xnl,xn2 vn,vnl,vn2,wn,wnl,wn2,ynl,yn2);
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TECHNICAL DATA

HIGH SPEED 8-8IT MULTIPLYING D-TO-A CONVERTER

Tha DAC-08 saries is a monalithie 8-bit high spesd multiplving digital-to-
naing ronverter, 30adble of settling to within 172 LSB {0.19%) in 95 ns,
*Annotomic muitiolving perfarmance is retained ovar 3 wide d0-10-1 reisrence
current range. Fuil scale and reference currants are matched to within 1 153,
*harsinte afiminating the naed for fuil scaia trim in mast anplications.

Ouai co v cureant o s with high voitage comolance neavide
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“oftage convarsion can be sccamolishad without requinng an axternal op
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DAC-08
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“lanstomciy . . - 3 3 i 3 3 3 i 2 3 2 Jits
. lonunganity, Ty « 3°C 12 70°C L - - i — - .29 - . -, 033 “FS
Saaung ime to = 112153 g ty . = T - 33 A P i8 io= ' ag
“ 1Al Bits Switcnea On or Ot . i : H
71+ 15%C) Fiquew 24 INOte 1) 1 . * i .
Praoagauon Calay, Ty « 13'C (Mats 1} ' : . : . : M
Zacn 2it oy -, 33 - - i3 -. - i -
21 Bies Swicned 1O, - b1 S - 5 - — i3 —_ .
" Fult Scae Tumaco Ceg 1 - 0~ TGy o - 0 = zomeC
i Sutbut Vortage Comouance ‘tae ¢ - - 8 -, - T g3 . @ - . - "’
. Fun Scaie Cusrent Change N ! ! .
¢ < wrLse, : ; : ' 1
Anyg > 20 MO Tvp, , ; ‘ '
, Fuil Ranga Currant O I X X T A R T T T
L gy = 10.000V: : ! : ) P i : :
A14, A1S « 5.000 k2 H + X H ' i . :
. TaalsC , : i : : i
| Fun Range Symmetry icg, - igqr Izp5 - 3.5 BT 20 2 = 20 (B0 ! A
! Zaro Scave Current = 2.1 i0 b - o 32, 10 — . 32 i a0 ] A ¢
* Qutout Current Range i ! ; ] ; ' ) Poma !
| ume-sov C om0 - LA T T R R X E I S 6 i
, {=a-d0Vio-i¥V .Y L - 0 a2 3t - I} I ¥ ] i
| LoQic Inout Lsvais vy = 0 V) ' i i : i | i LoV
| Loque -0 [ N S A T (R . ¥ I to= § e !
PoLagie t17 i 12000 - o . R — - 3 = o] !
| LogIC In0ut Lavars Wy ¢ = 3 V) } N . H H : ! HEN i
P loge Tt : ! H i ' . H : H ! '
| Vine-i0Vi0 .28V R A 20§ -0 b — 20, -0 - 20 { -0 | !
[T TR : i . | : i i ' ' : H i
b e -0V -lAV) gt~ ham Poaoag02 o — 062 | 0 . ,
i LGgic 1n0ut Swing, V- « ~15 V i g ! - . = i P20 e | .18 ; -0 § — A
; Logic Thresnoid Rsnye, Vg = £ 13 V fowvup b =300 T e e =10 0~ 328 1 23 ¢ - I
i Reference dias Current . Pohg 1 e R f = ' -1 =38 i — . 9 t o aA ¢
| Retarance inout Slew Aate powdt o~ ot 20, — = 3 — P b 30— mAus
. Figure 19 1Note 1) . ' ! : : ‘ : : ! ! }
| Powel SuoDly Sensitivity i . : . : . i I
i legra l.0mA i : ' ' ! i R . i
I deacasviouyv i PSSleg, | — | { o= 200003 | 00V 1 — | :2.0003 ! \ !
. Yee=45VI0-idV ; PSScg- ! - : r = ¢ 0802 001 . — ] 23002 i :
Powaer Suoory Current . ' ! . ! mA
PG e 130V, lgpm LOMA Cote = P18 — 2 . | - 23 & |
; bR =~ I 58§~ -3, .81 — -43 § -38 ;
| Vg e 50V. -5V, 104 20 mA [ R T TR B L R O B i ;
H Poe b = ¢ 78 0 = | 44 -TB, — G4 . 78 :
I Vg eTiSV iy s20ma HEC R Y I T !
. I P 8 P - i 48 i3 ¢ = 1 55 | -1 |
| Power Dismgation T ! k] . ; ! ! . ' ; mA
i /g =3 V.lgpe LIMA ' z - R I N - B | . 0B o .
i /g ez3.0V.~ 8V, e 20MA H po— b8, 38 L~ 8 | o8 - 108 136 ,
i igaci5V, Lgr = 23 mA ; | R I R N s 74 - 125 5 !

tiote 1. Paramater 1s not V0% (estea; guaranteed Oy aesgn.
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MOTOROLA
SEMICONDUCTOR msessssssesd

TECHNICAL DATA

* LOW VOLTAGE REFERENCE

A precision band-gap voitage reference designed for critical
instrumentation and D/A converter applications. This unit is
designed to work with Motorola MC1508 and MC3510 O/A con-
verters, and MC14433 A/D systems. Low temperature drift is a

MC1403,A
MC1503

PRECISION LOW VOLTAGE
REFERENCE

LASER TRIMMED

prime design consideration.

® Qutput Voltage: 2.5V =25 mv

® Input Voltage Range: 4.5 Vto 40 V

® Quiescent Current: 1.2 mA Typ

® Qutput Current: 10 mA

® Temperature Coefficient: 10 ppms°C Typ

¢ Guaranteed Temperature Drift Specification
® Equivalent to ADS80

¢ Standard 8-Pin DIP, and 8-Pin SOIC Package

Typicat Applications Lo T

® Voitage Reference for 8-12 8it D/A Converters
® Low T¢ Zener Replacement

® High Stability'Current Reference

® Voltmeter System Reference

MAXIMUM RATINGS (T4 » 25°C untass otharwise anted.)

INTEGRATED CIRCUIT

U SUFFIX
CERAMIC PACKAGE
CASE 693

D SUFFIX *
PLASTIC PACKAGE
CASE 751

' {S0O-8)
Vin NC
] 2]

Voue [2] BLS
anaf3] [¢] v
~e [4] [s}we

OROERING INFORMATION

Rating Symboi Vaive Unit Termooratore
Input Volitage vy - 40 v Device Range Packege
Storage Temperature r,,q -6S 10 150 °c MC1503U -55 to +125°C Ceramic OIP
Junction Temparature Ty 175 % MC14030 50.8
Oparsting Ambhient Temeprature Range Ta MC1403U 0to+70C Ceramic DIP
MC1503 - . -551t0 4125 °c MC1403AU Ceramic DIP
MC1403.A 0to+70 °c MC140380 50-8
FIGURE 1 — A REFERENCE FOR MOTOROLA MONOLITHIC D/A CONVERTERS
Fuil-
Scale —_——— e —— o — e —
1.0k —— Adlust Il_ j|
25 soon " -
R o L) |
A1 a2 4 | Ref. Pin Numbers for |
5 ' Ampillier MC1508/1408 Serins |
] |
*0.tuf _| 1.2%
c1 T R3 l———————-————————--]

ll}—

PROVIDING THE REFERENCE CURRENT
FOR MOTOROLA MONOLITHIC D/A CONVERTERS

The MC1403/1503 makes an idesi reference for the
Motorola monolithic D/A converters. The MC1408/1508 con-
verter requires a stable current refarence of nominally
2.0 mA. This can be essily obiained from the MC1403/1503
with the addition of 8 series resistor, R1. A variable resistor,
R2. is recommended to provide means for full-scale adjust
on the O/A converter.

*Caution: System stability may be sifected if output
capacitance exceeds 1.0 uf. Using higher capacitance
values is not recommended and should be carefully
considered.

The resistor R3 improves temperature performance by
matching the impedance on both inputs of the O/A refer-
ence amplifier. The capacitor decouples any noise presant
on the reference line. It is essential il the O/A converter is
located any appraciable distance from the reference.

A singie MC1403/1503 reference can provide tha required
current input for up to five of the monalithic D/A converters.
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MC1403,A, MC1503

ELECTRICAL CHARACTERISTICS (Vj, = 15V, T = 25°C unless otharwise noted.)

Characteristic Symbol Min Typ Max Unit
Qutput Voltage Vourt 2475 2.5 2.525 v
{lg = 0 mA)
Temperature Coefficient of Quiput Voltage Avo/aT ppmC
MC1503 — - §5
MC1403* —_ 10 40
MC1403A — 10 25
Qutput Voltage Change AVo mv
tover specified temperature range}
MC1503 ~55°Ct0 +125°C - - 25
MC1403* N . - _— 7.0
MCl403a OCto r70°C - - a4
Line Regulation {Ig = 0 mA) Regline mv
(1SVeVv <40V - 1.2 as
45VsV <15V) _ 0.6 3.0
Load Regulation o Regload - - 10 mv
10 mA < Ig < 10 mA} "
Quiascént Current [fe - 1.2 1.5 mA
lg = 0 mA)

*This test is not applicable o the MC14030 surface mount davice.

FIGURE 2 — MC1403/1503 SCHEMATIC

Tv.,-

Zkf %2&

2
%u
-

"
"
ﬁ_;l;\_r'wv—
ran
| £

237k .73
13

8.61 %k

p=agfoy |

30 p#

S1ox

2!33&3 Kk
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MC1404

MC1404A

|
' MOTOROLA |
| SEMICONDUCTCR aeasssamm——

I TECHNICAL DATA MC1504 :
i |
i J
]
l VOLTAGE REFERENCE FAMILY PRECISION LOW DRIFT
) VOLTAGE REFERENCES
The MC1404 saries of !Cs is 3 lamiiy of !emoerature-
compensated voitage reierences for orecision data conversion 5.0.6.25. and 10-VOLT OUTPUT VOLTAGES
, apolications. such as A/D. D/A, ViF, and F/V, Advances in laser- ,
] trimming and ion-:molanted devices, as wail as monolithic fao- LASER TRIMMED SILICON
' rication technigues. make these devices staote and accurate to 12 MONOLITHIC INTEGRATED CIRCUIT
g bits over ooth military and commercial temoerature ranges. |n
] addition to excellent temperature stabiiitv, these oarts oifer ax-
<eilent long-term stability and low noise.
3 » Cutput Yoltages: Standard, 3.0 V. 5.25 VY, 10V
g ® Trimmable Qutput: ~ z5%
L

Wide Input Voltage Range: ¥,aj ~ 2.5V 1040V

*

Low Quiescent Current: 1.25 mA Tvpical
¢ Temoerature Cceificient: !0 pomv'C Tvoicai
» Low Qutout Noise: 12 xV p-0 Tvpicai

* Excellent Riopte Rerection: ~ 30 aB Tvpicai

TYPICAL APPLICATIONS
» Yoitage Reference for 8 ~ 12 Sit O'A Canvartars

J SUFFIX
ZERAMIC PACKAGE
ASE 533

. * Low T Zener Reolacemaent

* High Slability Currant Raference

¥
! * MPU D/A and A/D Aooiications N ASSIGNMENTS
i .
i ! N
| welsp . L E NC
! - i
!
| tin 2 7] nC
| "2 2
\Y2
FIGURE 1 — VOLTAGE OUTPUT 8.8IT DAC USING MC1404U10 Yremp | 3 E} Vaut

Gnd _4_1 i—s_I TRIM
] — .-

50 -~
’:? i

e

-0

use 3 e b 4 i
. . ‘:’” SC1arY |
—  woum e } ORDERING INFORMATION
| ! = — ! PACKAGE Caramic DIP
' ' = i Davice i Temperature Range
| o 5.0 Voits
‘rowre + S of r
i . ] — . I MC1504Us j =35Clo +1257C
| “ | 2 ! sAC1404U5 i Cto +70°C
| B i MC1404aUS ! TCto -70°C
—_— 5.25 Votts
' - — o ! \MC1504U6 ;  =55Clo +125°C
f , ___Jq i | wC1404U8 ' ¥Cto » 70C
; 5 i \C1404aus ! Cta +70C
; 10 Voits
; ' , MC1504U10 ; ~35°Cto +125°C
i ! MCi204U10 I°C o «70°C
H !

*AC1404AU10 : 0"Cto «70°C
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MC1404,A, MC1504

MAXIMUM RATINGS

: Rating 1 Symoaol | Value iUt

! mout voltage oy 0 HE]

' Storags Temoerature i Tsig  ~d510 150}
-unciton Temoerature RS -175 2
Coeratng Amoient Temparatura Aunge Ta <

*AC1504
FAC1304.A :

o350 -128,
Jiwo 70

ELECTRICAL CHARACTERISTICS viy, - 5 vuus, V5 - 23°C and Tam Tafininal el coinistIsd uOIess Stierwvise noted)

- —_
: : MC1304.A MC3504 )
Charactanistic ' Symbot Y Min o Typ * Max Min ' Typ MNax Jat '
Quriout Votage 10y ¢ ’ ) ’ K Zou i
10 = I mA;j MC1404US, AUS MC1504US -+ 95 3.0 365 43 39 ! 308
' MC1304UB, AUGMC 1504U5 ERE] 325 531 3.i9 6.25 3.1
MC1204U10, AUID HICI304U10 RR] ] g ER- Y NI
Jutout Vouage Toterance - - D) - t3i =19 s !
duiout Trim Aangs {Figure Q) S TRIM + 39 — - . 3.0 - - “
3p = 150 ALY
Cutpul Yoilage Temperalure Cuetlicient, Mo Ll ‘ em-C
Sver fuld Temuerature Range ;
LIC1E03 1AC1804 - u “u - ' i3 >
JACT304A - u 3 - —_ — '
Taaunuint Quibul Yodaye Cliange Ko} nv
Svet Tempatature Aanye
“ICII0aUE, MC BudUs - - < - - 30
ACII03AUS - - ] - - -
WMCi404Uo, MICI504US - - 7E — — 22
‘A0 T404A UG - - 1 —_ - - .
LCTA04UI0 MCIS0dU Y - - -3 - - 39 ’
H *ACI204AU0 - - ] - - - .
. Line Reguiauon (1) | Redune ! R R 29 4 30 v :
Min = Yoge v 25V 10 40 V.t - U A} ! \ . ! :
- i
Loaa Requiatian 11 .. i Regioag L — ;= W=t =1t av
10 < 10 ~ 10 mA) : H i ! :
i Quisscent Curcent e Bk I R L2} s MA
Polg - 0 mA) i . t R
. Shont Circunt Cutrant 'ye - 20 =5 - - AR nA :
; r g} e g t
i Long Term Staointy ' - - 1 35 - — i3 ~ .0paw 1000 hrs|
“lote | inciudas thermar wifects.
DYNAMIC CHARACTERISTICS viq = i5V. Ta = 25:C all vonage (anges uniess utnarwise nutey)
' : ; MC1404.A i MC1S04 : ;
! Charactansuc Symool i Min * Typ i Max | Min . Typ + Max ; Unit .
" Turn-On.Setung Time ‘ 5 A "7 O .8 ;
. cto 20.01%) ; . : :
i Sutout Naisa Voitage — @ 1o P 5 Ta S T - 2, - )
. :Banawiatn 0.1 to 10 Ha : ' '
; Sman-Signar Output inpevance ' ly ' : ‘-‘
i 120 H — tais - - s -
200 H: - 1 22 - - 32 1 =
| Power Suooiv Rewsction Aatio POPSRR Y0 ¢ 30 - no0 s — i3
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National
Semiconductor
Corpomtion .

ADC0801, ADC0802; ADC0803; ADCOSO4, T
ADCOBOS 8-Bit P Compatible A/ D Converters .- "

Generai Description

The ADC0801, ADCO0802,: ADC0803, ADCO0804 and
ADC0805 are CMOS 8-bit successive approximation A/D

converters that use a differentital potentiometric ladder—

similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches dl-
racity driving the data bus. These A/Ds appear like mamory

locations: or, 170 ports to the microprocessor and no mter— -

facirlg logic is needed. !

U:Harentlal analog voltage inputs allow increasing the com-
mori-mode rejection and offselting the analog zero input -

vdltegé Valuel. In addition; the vohage reference mput can |

‘ - .oey pe o

u Differantial analog voltage unputs ) '
® Logic inputs and outputs meet both MOS and TTL volt-
age level specifications. . _ ., e e
» Works with 2.5V (LM336) voltage referenca..‘ TR

® On-chip clock generator . T AN eaties
% OV to 5V.analog input voltage range with slngle 5V
- supply

x No zero adlust required RS
® 0.3 standard width 20-pin DIP package 3

W 20-pin moldéd chip carrier or small outline package

® Operates ratiometrically or with § Vpg, 2.5 Vig; or ana-.

.be'ddiu'sted {o allow.ancoding any smaller analog voltagé ™~ ,log span adiusled voltage reference; - A ‘-,“,

TSPl 15 {Ref full s, blts of resolution. A ety - T

M e " 2. Key Speciflcations o

Fé&: . * ® Resolution | . o Bbds
mpatlble with 8080 pP derivattves~—no Interfacmg # Totl eror %158, £V, qu and-+11S8

“::16gi¢ fieeded - access kime - 135 ns - Conversion time . . © - 100 ps
as&:mterface o, all microprocessors; or operates g- \" . v

- "stand alorig” ~ .

T“ypwal Appllcatlons

i - e ’
M 3
o R L .
L] A |
: " N 'm"" ’ Hj7 ) ] rhansoucen )
- 4——-—|:c L] ceEm g i < [emraesoromons
. o7 . I ven dnv oesaee
3 :: N | . IR a2 vuugﬂuult*.} sﬂﬂc}a
sl o L T .
“le Ylos  ~gryia '., T - i '
oy : o83 YTy LR =
-y 082 . § IS mamaAD
N2 M , ‘ingw‘l =0 ste stcTion
SRLE L) ]
i M T
1y . } .
8080 Interface Ervor Speclm:atlon (lncludes Full-Scaie,
Zero Erfror, and Non-Linearity)
[ S — . )
Part SF:::; Vaer/2=2.500 Vpe | Vrer/2= No Conrigction
1 | S Number (No Adjustments) (No Adjustménts) -
ascoen. ; Adjusted i . Ll L
- w ADC0801 | +v; LSE ; B
0, 3 .
fre. (Ot [RTN ADC0802 | - +, LS8
: ADCO0803 | £, 158
OATA N .
ADC0804 +1LS8
ADC0805 te +11S8
TL/H/S671-31

—————

sy

oot aneaa el B0t

FRLYTY [ ST~ Tl

L3 -
el
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Absolute Maximum Ratmgs (Notes1&2), . T S N L

It Military/Aerospace . specified. devices are required, - Storage Temperawre F\ange . =65'Cto +150°C

contact . the - Natlonal Semicqonductor Sales Oftfice/ Package Dissipation at T, =25°C ’ 875 mW
Dlstﬂbutors for availablllty and specmcatlons. : £SD Suscepfibility (Note 1 0) 800V
Supply Vollage (Vcc) (Note 3) P I  EUE THR - X-1"2 [ : ’ .
Voltage i ’ : :
Logic Control Inputs : -0.3Vito +18V Operatmg Ratlngs (Notes 1 & 2)
At Other Input and Outputs ~0.3V to (Vg +0.3V) : Te;"ggg ‘*a‘g: ‘; &Ege ss-EMs"} £ ZA fé“g"é
Lead Temp. (Soldering, 10 seconds ) - A
Duat it e Packas gy ) 260°C ADCO801/02/03/04LCJ ~40°CSTpS +85°C
Dual-In-Line Package (ceramic) 300°C iggggg““’_ g‘;\‘/"‘" O5LCN ‘ﬁﬁi}\i Igg. g
; i A
Surtace Wount Package . ADC0802/03/04LCV 0'CSTas +70°C
/apor Phase (60 seconds) 215°C ADC0802/03/04LCWM 0'C<Ta< +70°C
Infrared (15 seconds) . 220°C Range of Voo 4.5 Vpg (0 6.3 Ve

Electrical Characterjstics
The foilowing specifications apply for Vog=5 Vpg, Tmin<Ta < Tmax and foL =640 kHz unless otherwise specified. =

Parameter
ADCO0801: Total Adjusted Errar (Note 8)

Conditlons Min Typ Max Unlts -
" With Full-Scale Adj. ' ) ' ) LTV T

(See Section 2.5.2) ] LsB
ADCO0802: Total Unadjustad Error (Note 8) Vaeg/2=2.500 Vpoc : Y, LSB -
ADC0803: Total Adjusted Error (Note 8) With Fuil-Scale Adj. : P
E37A LS8 -
(See Section 2.5.2) 2 S
ADCO0804: Total Unadjustad Error (Note 8) Yaep/2=2.500 Vpc ) )
ADCO0805: Total Unadjusted Error (Note 8) | Vggg/2-No Connection
Vager/ 2 Input Resistance (Pin 9) ADC0801/02/03/05 25
ADC0804 (Note 9) 0.75

‘Analog input Voltage Range {Note 4) V(+) or V(—)- Gnd-0.05

DC Caommon- Moda Error Over Analog Input Voltage
. ; i :| Range
Power Supply Sensmvny ) —l Veg=5Vpg £ 10% Over’ )
5 orns + "f Aliowed Vin(+) and V(=)
—)m\,n PRI S 71'-. ° L Voltage Range (Note 4)

-AC Electrlcal Characterlstlcs

~Ttie fcl:uowlng spec:f cauons apply for Veo=5 VDC and T Tao=25C unless otherwise specmad. ..

- Symbot | -— - =tv-- — Parameter Conditions - ° Min Typ - |  Max< |5 Unlts{-‘v-
~C| . Conversion Time. .. . . . ik =640kHz(Note6) .| 103 | . . | ."pa=dpEEEnE]
"Conversion Time | i (Note 5,6) "~ 766 " AR
Clock Fraquency | i Ve =5V, (Note 5) . 100 640" |' 1460i.| kHz | .
Clock Duty Cycle ' (Note 8) - . 40 . 60 | %
Converslon Rate in Free- -Running NTR tied to WA with 8770 | . | 9708i | conv/s
< Modei - C§-=o Voc, feik =640 kHz .
“Width of WH Input (Start Pulse Width) | €3=0 Vg (Note 7) 100 ns
sl #9Acgess:Time (Delay from Falling.:- CL= 100 pF. 138 200 ‘nsy.,
.| % Edge of RD to Output Data Valid) ; <+« | - e i e P L] arishan
%TR]ﬁTATEControI (Delay~ s 3t te CL=10 pF Ry=10k - ° . - '1?5_ e 200 " ! ;ns'“. R
Sljom Risirig Edag Of RD o 755 | (Sag TRISTATETest » v | - rfe 007 o ppatde 1o
HlZState) “.-.4.:4. .-.u:a,.mul... e Clrcults) - E BRI R L
twiir tp,.mt s Delay from Falling Edge  =w. -:- D L 300 - 450 - st
' ot WR or BD to Reset of INTR : . . ! ‘
Cin 2 {*"1hput Capacditance of Logic ', b - : ’ 5 7.5 pF
" |' Controt Inputs L
Cout TRI-STATE Output 5 7.5 pE
. Capacitance (Data Butfers).u# .. . e
CONTROL lNPUTS [Note: CLK IN (Pin 4) is the mput a Schmiitt trigger circuit and is therefore specified separately] .’
vin (). | Logicat *1” tnput Vonage i il Yec=525Voe. T ,'"_‘_." |20 15| Veg,
N. )”" “'(Exceple4CLKlN)" ek s D BRI T ! f»
: Lot ! e L LR Lyt wdd e g O T | :va:‘."

D e A . . oL .
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AC Electrical Characteristics (continusd) e eang g e vy
The following specifications apply for Vog = 5Vpc and Tyy € Ta S Twax, Unless otherwise specified. s VMg et
Symbol I Parameter l Conditions ] Min.,. l wer TYP I Max , l Units
CONTROL INPUTS (Note: CLK IN (Pin 4) is the input of a Schmitt trigger cirodit and is therefore specified separately]
Vin (0) Logical “0" Input Voltage - * | Veg=4.75Vpe 0.8 Voc
{Except Pin 4 CLKIN)
e (1) Logical "“1" Input Current Vin=5Vpc 0.005 1 rADC
(Al inputs)
I (0) Logicat 0" Input Current Vin=0Vpc . =1 —0.005 pApc
(Al Inputs) .
CLOCK IN AND CLOCK R
Vr+ CLKIN (Pin 4) Positive Going 27 3.1 3.5 Voe
Threshold Voltage
Vo— CLK IN (Pin 4) Negative 1.5 1.8 2.1 Voe
’ Going Threshold Voltage . .
VH CLKIN (Pin 4) Hysteresis 0.6 1.3 2.0 Vo
Vr+)—={Vr-)
Yoyt (0) Logical 0" CLK R Output lo=360 pA 0.4 Voo
Voltage Vec=4.75 Voo ’
Vour (1) Logical *1" CLK R Output lo=—360 pA 2.4 Voc
Voltage Vo =4.75 Voo >
DATA OUTPUTS AND INTR
Vour (0) Logical 0" Output Voitage
Data Qutputs lour=1.6 MA, Vo =4.75 Vpg 0.4 © Vpc
INTR Output loyr=1.0 mA, Voo =4.75 Voo . 04 Voc
Vour (1) Logical 1" Qutput Voitage lo=—360 nA, Voo =4.75 Vpg 2.4 Voc
Vour (1) Logical "1* Output Voltage lo= —10 pA, Voo =4.75 Vpg 4.5 Voc
lout TRI-STATE Disabled Qutput Your=0Vpc -3 pApc
Leakage (All Data Butfers) Vout=5Vpc C 3 #Apc
Isource } Vour Shortto Gnd, Ta=25'C 45 6 mApc
IsiNk VYour Short to Veg, Tao=25°C 9.0 16 mApG
POWER SUPPLY
lec Supply Current (Inciudes fork =640 kHz,
Ladder Current) VRer/2=NC, To=25"C
ang TS =sv . ) -
. ADC0801/02/03/04L.CJ/05 - . ) 1 1.8~ mA -
ADCOB04LCN/LCV/LCWM B ) 1,97 ‘25 T mA™
Note 1: Ab A Ratings indi Hmits bayond which damag: tothcdm.mlyoccur.Dc:ndAComlwodi:ﬁ-rﬂomdonouwlywhmomw -
S . e A oy Cae e g i

. the devico bey its specified op g conditions. .

Note 2: Al voltages sre meesured with respect to Gnd, uniess otherwise specified. Thé separate A Gnd point should atwayg:be wired to the D Gnd.

Note 3: A zener diode exists. intemally, from Vg to Gnd and has a typicat breakdown vottage of 7 Vpe. DR Fu U 41 R LT LI T

Note 4: For Vin{—)2 Vin(+) the digital output code wifl be 0000 0000, Two on-chip diodes are tied to each andiog Input (see block diagram) which wil forward ’
condu:(1ornmbqlnw:voluqnonodiododropbobwqrwndormdododrooqrumthm the Vee supoly. Be careful, during testing at low Vg levels (4.5V),
as high level analog inouts (5V) can cause this input diode to y at el temp ., and CaUSe errors for analog inputs near fult-scale. The
spec aflows SO mV forward bias of either diode. This means that as long as the snalog Vin does not oxceed the suoply voltage by mora than 50 mv, the outout
code will be corect. To achieve an absotute O Voc (0 § Vpg input voltage range will thersfors require a minimum suoply voitage of 4.850 Vpe over temperature
variations. inittsl tolerance and loading.

NﬂnS:Aectanswmmoodqu_K-BlokHz.Alhighorclodx ¢y can deg Forbw.rc’od(lmvdoi.thpdmycycnﬁnﬂscanbo
extendod 30 long ax the minimum clock high time intervat or minkmum clock low time interval fs no iess then 275 ns.
Not'c:wnhmnsynchvonowstmpulu.uplosdockporiodsm-yboroqukodbolorﬂhommlclockpham-nproo-rlnsmlhoeonw'lonomcosa.‘n:o
start raquest Is internaily laiched, see Figure 2 and section 2.0. -
mm7:'rhoCShoux!a-mwwm:cm%.bmmwmwwmmhdmn«nmnmoWHwnm.Anwmmmmmm
wmhlmﬂmmhlmo'mhmwmm(ohlqhhnwmcﬂmmmnn(mMmhgdlqrnms)., L aeS.
Nohe:NmMMAlermnmldhut(mncﬂon?_s.l).Tommeodonlowtmqumhoummbnzs'wﬁmni"
Nou0:qugp/'zpm.mec-mupomoumwmmﬁmv&iomu.snmnmls‘uxmapua_p'uooowtca-vmua’a
- rusistor I8 16k. Total ledder input resistance is the sum of the two equal resistors, .o . UL L -
Note 10: Humen body model, 100 pF discharged through & 1.5 kN resistor. .
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Design Migration from XC4000 to
XC4000E

XAPP 062 Octooer 15,1996 (Version1.0)

Aoplicaton Note by Lois Cartier and Marc Baker

Summary

The XC4000E is an enhanced architecture based on the XC4000 family, but offers many new features, particularly Select-
RAM™ memory. When converting XC4000, XC4000A. XC4000D, and XC4000H designs, the XC4000E is an excellent
choice. The conversion process may be as simple as downloading the same bitstream into the XC4000E device (XC$000
and XC4000D bitstreams only), or it may involve changes to the schematic or HDL code. This Application Note describes
techniques that snouid be employed to convert from any of the XC4000, XC4000A. XC4000D, or XC4000H famiiies to the

XC4000E family.
Xilinx Family
AC4000E

Introduction

Some variations of the XC400C family are no longer recom-
mended for new designs. These include the XC+000 stan-
dard family, XC4000A. XC4000D, and XC4000H (referred
to in this applicaticn note as the older XC4000 families).
These have been superseded by the newer XC1000 Series
families, which incluce the XC40C0E, XC4000L.
XC4000&X, sna XC4000XL amiiies. Designs in the oider
versions of the XC4000 can be converted ‘o the new
XC4000 Series. In some cases, particutarly for XC4000D
designs or other designs not inciuding RAM, the XC5200
family shouid be considered for its lower cost. For a discus-
sion of converting XC4000 family designs to the XC35200
‘amily, see the Xilinx appficadon note XAPP0S0, “Dasign
Migration from XC4000 to XC5200."

Tabie 1: Comparison of Features in XC4000 Families

1
Demonstrates

Technigues for migrating XC-+000 designs to the X'(‘AOOOE
architecture

Converting an older XC4000 design to an XC40COE design
may or may not require schematic changes. Excegt for cer-
tain /O capaoilities, ‘he KC4000E architecture offers a
superset of the arcniteczural features in the oider XC4000
farmiiies, in addition to many new ennancements. (See
Tabie 1.) Therefore. if none of the speciai /O f2atures in the
AC40COA or XC4COOH zre used, the conversion becomes
merely a matter of seiecting the XC40006.speed graae that
will give comparapie performance. and recompiling the
design targeting the selected device. If retargating an
XC4000 or XC400CD design. in fac, the XC4000E can
actually accept the- onginal bitsmeam. XC4000A and
KC4000H designs must be recompiied.

| | XC4000 | XC4000A | XC4000D | XC4000H XC4000E
Qutput Drive/Pin (mA) | 12 ] 24 i 12 424 12

i Fast. Slow, i -

i ot
Oum Stew Rate | +ast Slow | Medium Fast. | Fast. Slow SoftEdge/Resistive Fast, Slow
Optians : . i load

! Meaium Slow |
RAM: i Yes Yes ! No Yes Yes
/O Registers. i Yes Yes i Yes No. Yes.
Input Threshoids i TTLony | TiLonly | TTlLanly |TIiLor CMOS, per /O] TiL or CMOS. Giobai
(Output Highlevels | TTLonly | TilLomy | 7iTLonly iTTL or CMOS, per O} T1L or GMOS, Giobai
%Wuda Edge Decoders % " 2 ! 4 4 R
i(per edge) i I
!Speed Grades i -A.-5. 4 8.-5.4 § 5.5 4 | 3, -5 -, -3.-2
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Enhancements

The XC4000E cffers a number of architectural improve-
ments to the XC4000. Although the simplest conversion
path uses only the rescurces provided in the originally tar-
getad older XC4000 aevice, a design can be altered to take
advantage of these faatures if dasired.

+ PCl Compliance: Fully comgliant for -3 speed grades
and {aster.

+ Select-RAM Memory: In addition to the XC4000
modes, RAM can'now be configured for synchronous,
edge-triggered Write operation or ior dual-port RAM
with simuitaneous Read/Mkrite. Also, XC4000E RAM
can now be configured with user-defined initiai vaives
at power-up.

+ Increased System Speed: improvements in both
device processing and system architecture resuit in
path performance benefits that may have significant
impace on the critical paths in a design.

+ More Flexible H Function Generator: Additional
inputs gives this resource the capability of being either
partially or fully independent of the cther two function
generators, increasing the logic capacily and routability
of the devica.

Input/Output Block (108) Clock Enadle: /O flio-fions
nave clock enables, making them more useful in many
aoplications.

* increased Globat Access to F and G Function
Generators: More function generator inputs are
avaiiable to global routing resources, increasing
flexibility and performance.

+ CMO3 Threshold Compatibiiity: Soth inputs and/or
outputs:can be giobally programmed for CMCS
thrashold compatibility.

* Increased Carry Logic Speed: The speed of the carry
logic chain has increased dramaticaily, doubled in some
cases.

« Soft Startup: When the conriguration process is
complete, outputs programmed for fast slew-rate
operation are initiaily kept stow, avoiding ground-
bounce problems when all the outputs are switched om.

+ Configuration Pin Pull-up Resistors: During
configuration. the three mode pins. MO, M1, and M2,
hav& weak puil-up resistors. The eifect on converted
designs is discussed in "Configuration” on page 2.

Design Guidelines & Considerations

Because the XC4000E is a superset of the older XC4000
architecture, migrating a design from one of tha older fami~
iies to the XC4000E is relatively straightforwara. The follow-
ing issues may need to be addressed.

Configuration

The XC4000E can be conrigurea using the same titstream
as an XC4000 or XC<40C0D device, or the design can be
aitered and recompiled to take advantage of some of the
new features avaiiable in the XC4000E. XC4000A and
XC4000H designs must be recompiled, targeting the new
device.

One of the new reatures in the XC4000E is the addition of
weak {30 Q) pull-up resistors o the configuration mode
pins. These internal resistors make it possible to configure
in Senai Siave mode (the most common configuration
mode) without the addition of any externai resistors. Older
XC4000 families did not inciude thesa puil-up resistors,
therefore a high-value pull-down resistor was acceptable to
astablish a Low vaiue on any of these inouts. The'XC4000E
requires a resistor value of less than 7 kQ to reiiably gener-
ate a logic Low on the input.

When converting rcm an older XC<000 cevice 0 zan
XC4000E, check the design for pull-aocwn resistor vaiues
and change them. if necassary, to 4 7 kQ resistors. Resis-
‘or vaiues above the recommended level may orevent the
XC4000E from property contiguring.

Footprint

Older XC4000 and XC4000E devices are footprint compat-
ible- for every common package. All control pins, contigura-
tion pins, and power pins are-in the- same locations. In
general, no board re-iayout is necessary when replacing an
XC4000 device with an XC4200E.

An exception' may occur when converting from an
KC4000A or XC4000H to an XC4000E. in these transi-
tions; the design is moved frem a device-with a maximum
24 mA sink cumrent to one with 2 maximum 12 mA sink cur-
rant. and it may be necessary to spiit the load across iwo
ouiputs.

Design Performance

The XC4000E is available in <. -3 and -2 speed grades.

Consequentty, the fastest XC4000E. is significandy faster

than any of the oider XC4000 families. However, when con-

verting an existing design, it is recommended that an

XC400CE speed graude. two grades faster than the original.
design be used for the initial compilation run. The-resutting

design siouid then be tested using XDelay, the- Timing

Anaryzer, or timing simulation, to verfy funcdonaiity at the

raquired speed.
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The reason for the recommended speed grade change is
that the XC4000E is optimized for a three layer metal pro-
cess and a higher overall system level performancs, not for
sach individual specification. Although the majority of spec-
ifications are faster in the XC4Q00E than in any of the older
XC4000 famiiies, a few parameters are slower. The recom-
mended approach shouid resuit in a successful conversion
for the vast majority of designs.

After this first pass, it may be possible to use a slower
speed grade. The best way to ensure that design perfor-
mancs will be met in the XC4000E is to use XACT-Perfor-
mance™ to define the timing requirements of the design.

To piace this suggestion in perspecive, 30% of designs
show edual or better performance in an XC4000E with the
same speed grade as the original design. This conserva-
tive approach is recommended to maximize the chance
that a given design will meet the required timing. See
‘Regorting Penformance at Various Speed Grades” on
page 5 for a guick method of evaiuating the performance of
a single routed design in several different speed grades.

Development System

The XC4000E is supported by the same XACTsteo™
deveiopment system and uses the basic software toolis that
suoport the older XC4000 families. A new XC4000E library
has been added ‘o the sert of Unified Libraries to support
the architecturai features of the XC400CE.

A soitware version that supports the XC4000E must be
used. Users who have upgraded to at least the 6.0.1 (Win-
dows) or 5.2.1 (DOS and UNIX) versions of XACT step have
the XC4000E library teatwres and the necessary place and
route tools. Otherwise; contact the locai Xilinx sales repre-
sentative-for the-availabiiity of the most recent upgrade.

Input/Qutput Pads

For XC4000A and XC4000H designs, the difference in 1/O
capabilities may affect the-conversion to an XC4000E.

XC4000A to XC4000E

XC4000A /O have- a 24 mA output drive, while the
XC400CE has only 12 mA. Where-a 24 mA drive is
required, usa two pins tied together to double the drive. Add
the FAST parameter where speed is important.

XCAQB0QA /O ailow two additional siew rate options,
Medium Fast (MEDFAST) and Mediunt Siow (MEDSLOW).
These parameters, if used in an XC4000A design. wiil need
to be-changed to FAST in'the XC4000E version to achieve
higher-than-defauit speed.

XC4000H to XC4000E

XC4000H devices have a higher /O count than the-corre-
sponding XC4000E devices. If a high /O count is required,
a larger XC4000E device must be used to provide the.same-
numper of pins, as shown in Table 2.

Table 2: XC4000H Device Replacement Guide

XC4000H | Max.UO|  XC4000E | Max. UO
XC4003H 160 XC4010E | 160
[_XC4005H 192 XC3013E | 152

XCA4000H /O have a cefauit SoftEdge. slew-rzte control
that limits drive- to 4 mA. This is intended for capacitivety
loaded outputs, and can be selected with the CAP narame-
ter. The alternative is the resistive (RES) mode, which
increases drive to 24 mA. XC4000H designs will need the
CAP or RES parameters removed when converted to the
XC4000E. Add the FAST parameter where speed is impor-
tant, and use two pins tied together 0 double the drive to 24
mA if necessary.

XC4000H /O allow per-pin designation of CMOS or TTL
thresholds and output levels. selected for each pin using a
CMOS or TTL parameter (TTL is defauit). In the XC4Q00E,
all input thresholds have the same vaiue, and all output lev-
els are the same; aithough the two are selected indepen-
dentty. f the XC4000H design has mixed VO, the
recommended approach is to designate the XC4C00E
inputs as TTL. since an input set for TTL can resolve both
TTL and CMOS levels. The cutput levei must depend on
the destination devices. XC4000H designs will need the
CMCS or TTL parameters removed when converted to the
XC4000€E.

Migration Methodoiogy

if-none of the new features in the XC4000E are used, an
existing design can be compiied to the XC4000E using the
XC4000 library, whichr supports. ail. of the XC4000,
XLC4000A, XC4000D, and XCA000H femilies. If certal of
the new features are-to be used, new library camponents
will be required. In this case, it is necessary to change the.
design to- use the- new XC4000E libraries. The features
requiring the XC4000E iibrary are;

» Synchronous (edge-triggered) or dual-port memory
+ |OB clock enables

The library clements supporting these features are
described in the-Libraries Supplement Guide.

Because of the-Xilinx- Unified Library approacit. a design
can be migrated between families withr a minimum of effort:
The- migrationr methodology itself is simple, and following
the guidelines and considerations prescribed in this docu- -~
ment will greatly improve the success of the migration.

This section describes how to perfornT the acual nigration-
of an XC4000 design into the XCA000E library for three
third-party CAE interfaces.
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ViEWIlagic
To migrate an XC4C00 VIEWlogic schematic to the

X

1.

[O]

C4000E library, perform the following steps:

Add the XC4000E lbrary to the YIEWMogic library
search path. Edit the viawdraw. ini file in the project
directory and add the XC4QOQOE library path sa that it
appears in viewdrzaw.ini before the path to the
XC4000 library.

. To convert the XC4000 alias to XC4000E, run altran, the

VIEWogic library alias maintenance program:

altzan -1 primary xcd4000=xc4000a
where xc4000 is the alias assigned to the XC+000
library, and xc40C0e is the alias assigned to the

XC4000E fibrary.

. Reprocess the design by-running XM.ake. or the Fiow

gngine.

Mentor

To migrate an XC+000 Mentor schematic !0 the XC400GE
library, perform the foilowing steps:

4
11

. Select a

. invoke. 2LD_DA (it is not necessary to open the sche-

matic).

. On DA's desktop tackground (that s, outside of any

schematic or symbol windows), call up the session pop-
up menu with the mouse button on the right and select
Convert Design.

Of the fields in the resulting dialog box these are the
most ratevant:

gzoup of dasigns from a list
£ilae? Whether you answer "vas" or "no" to this ques-
tion arfects the following fieid.

. Enter Design name (List £ile = no). The
name of the design to retarget. Conver® Dasign does
not traverse the-hierarchy of a schematic.

~ Znter list file nama (List Sila = yes).A
file which lists designs, one per line, to retarget. This is
useful if your design has many lower-level schematics.

TIP: A list file can easily be created by typing:

ls *.n»gC component.atts |

sad.
s/.age_component.attr//g > listfilae

The 1s command lists ail MGC components within a single

directory.

The saead command strips away the

-DgC_component. acex trailer. The resutt is redirected to
liscgila.

6.

. Chack &

Schematic. nama. The name of the schematic model
(the default is "schemacic™).

Sava switch. Because all schematic
sheets in Convert Dasign are iiterally re-drawn in
Design Architect. you must apply Check & Save !o
each sheet. This switch controis whether to do this autc-
matically. By defautt; this switch is set for manual check-
ing because it allows you to spot Xilinx components that
did not convert properly. Use the manual setting until
you are-confortable with how Convert Design works
and you are certain that all Xilinx components will con-
vert property.

. Trom Tachnology. The device family from which you

are converting (e.g., XC4000). This and the.next fieid
are case insensitive.

. To Technology. The device family to which you are

convertng.

10.After filling out the fields in the dialog box ana selecting

“CK." you will see Convert Design doing its joo clrec:xv in
Design Architect,

11.Reprocess the design by running XMake or the Fiow
£ngine.

Foundation

To migrate an XC4000 Foundation schematic o the

KXC400CE liorary, perform the jollowing steps:

1.

2.

Select the roject Type option.from the anu fle.
Change Family, Part, and Speed settings, as desired,
and click the change button.

Open and save each schematic sheet macro. 7o do so,
run the Schematic Editor and select the Oparx option
from the File menu. The Open Sheet window ailows
vou to quickly-‘oper all project top-tevel sheets and
project schematic macros. Inspect the Project Manager
messages or any warnings ang errors.

. Re-synthesize and update all FSM and HDL macros.

Use-the hierarcny browser in the Project Manager to
search the project for the macros.

. Note: if your project contains components that are not

available in the new system library, you have to modify
the project so as to preserve its functionality. In the case
of a top level HDL project. you will need to re-synthesize
the entire project.

. Reprocess the design by running X‘Make or the Flow

Engine,
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Additional Software Tips

Following are some additionat tips that may helo in convert-
ng a design.
Using the Old Design as a Guide

An XC4000 or XC40000 design can be used as a guide for
an XC4000E design. Rename the oid design, {or exampie
to ‘guide.lca’, and add the fotlowing parameter when run-
ning PPR:

guide=quide.lca

Alternatvely, in the Windows environment simply choose a
previous XC4000 revision in the Guide File puil-down of the
impiementation window.

Converting a Routed LCA File

The XDelay “convert” option can te used !0 transiate a
routed XC4000 or XC40000 LCA file to an XC40Q0E. ~he
syntax is as follows:

xcelay -convert <design name>.ca <part & zackage>
<new name>./ca

For examoie, 0 convert 2n XC4003 to an XC4003E. type:
xdelay -convert aid.ica 4CO3EPC34 new.lca

The conversion utility wiii not allow you 1o crioose a soeed
grade or write deiay information into the new LCA file, so to
geriorm these steps. run XCelay again with the following
syntax:

xcelay -w -u ~<new speed> <design name>
For example:
xdetay -w -u -3 new.lca

This command writes the new speed grade and delay infor-
mation into'the file without ctherwice changing the design.

Reporting Performance at Various Speed
Grades

XDefay can be used to report performance at various
speed grades without changing the LCA file. To show the
delays of the most critical paths. create a short XDeiay
report using the following command:

xdelay -u -<speed> -o critical.rpt <design name>

For example:

xdelay -u -2 -0 critical.rot new.lca

This command produces a text fle cailed critical.rpt ‘hat
contains the minimum worsi-case oad-to-setwp, clock-to-
setup, and clock-to-pad values ailowable for each clock in
the design. Effectively, this report provides all the informa-

tion necessary to evaiuare the cerormance of the new
speed grace.

Alternativety, in the Windows environment use the Perfor-
mance Summary in the Timing Anatyzer. 3oth XDelay and
the Timing Analvzer can also be used (o examind:specific
nath deiays in more detail if desired.
Additional Information

if there are probiems with the conversion process, please
contact the Xilink Tecnnical Suoport hotline for assistance.

EZmail: hotline@xiiinx.com (24 hours)
Voice: 1-300-255-7778 (6:30AM - 3PM PST)
FAX: 1-408-879-4442 (24 hours)

e
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Package-Specific Pinouf Tables

PC84 Package Pinouts Pin l! xC20028 * (TI005F  XC2006E : XC2008E ! e
PIn 1 XC40038 : C300%F  XCH006E * XC3008E Aqi0l0 Pesi| 1O WO G Vo 0
311 GND GND 3ND aND GND 1 Pesll Vo 0 /o S o
P2 1| 1CC VCC VCT CT VCT PeT. 1O 70 70 70 70
73| T0ae O AS TO(A8 VO AE 10 A8) i1 L o vo 70 AT,
541 7O (AG) VO (AS) VO(AS) VO (AS) VO A9) Paal] vo w0 A o
25 i1 FO(A10Y YO (A10) O (A10Y ; O (A‘IO) : VO (;MO) psol Vo ias w0 “9 vo *

! i : ' : ET) 70, - Wo. 1 0. .

28 EQ (A1) VO (A1Y) WO (A11) HO (A1) VO (A1) , I SGCK3 SGCK3 SGCK3 ~ SGCK3 SGCK3 |

P7 1 UO A1) 7O (A12) 70 (A12) HO(AI2) 5O (A12) 3521) GND ) aND 3ND D
P20 1AIS) YO AI3) ¥OIAIS) YO (A1R) YO (A13) 2531 DONE SONE DONE SCONE DONE
P9 1 iG{A1a ¥O[A12) 4O (A4l VO (A1&) O (A1d) P5a|| VCC 7CC VeTe) 7CC Vo)
2164 G, 40. 0. Vo, 0, PE5il  PRO- %0~ PR0- 80- SH0-
SGCE\:t S@CK1  5GCK1 SGCK1 s‘(:iCK1 | GRAM BAAM 3AAM  35RAM THAM

.~ ;”‘c’:g‘ !*//‘CI:S:) \’/‘(‘:Z’ ”/*:c‘ ’/‘é? PSsi| WO (D7) WO (0N O (D7) 700N O[O |
221 END GND  GND  GNO  3WD - ki seoka  seo: o
Pratl 3 3 G PGCK3 PGCKA  PGCK3  3GCK3  PGCK3
P13i YO, 0. Q. “C. #C. 2581) /O(D6) wO(D6) YO{DBY O (03 /O (06}

| PQCK1 2GCK1 2GCK1 AGCK1 AGOKI 3591] YO (05) O (D31 7O (D5) 70 (05 /0 (D8
i .A16) CATE) A16) {Ai6) {A16) - -

1T O IAIT 4O (AT _WO(AIT) UG IATT) . WO IAIT) PSOI[ VO (CSD) G (CE0) 10 (C3D) : 0 (CTD) ; VO (TSV) «
PiSIL L0701 +0, 701 %0.701 0. 70l V0. 7ol PE11| VO(D4 #OC4 O(D4) . wO(D4) O (D4)
PY61 k0. TCK__w0.TCK 70, 1GK 70, TCK 0. ek L © /0 50 s
PITILO.TMS 7O, TMS__W0.TMS G, TMS 70, TVS a3l /oG ¥CS o CC oo
T = S R 5541] GND 3ND END IND GND
ET T > > S < 651 /O (03) WG (D3) WO (03 -0I03) 40 (03
33010 70 7} ) ) 2561| YO (RS) #OiRSY wO(RS) O(FS) VOIRS)
ST 3G ) 3D ) ) P671] O (D2) O (D2} - WO (D) +0D2)  +0 (D2
52311 /CC I CC 7] 7CC Pesyy o . vO ' w0 : ¥O . O ¢
o) 5= 5 ) "P891| O(D1) ¢ WO (DY) , VO (D1 1 VO (@D : YO (DN
VY T 7o) 70 70 0 P70 10 (RCLK, 1 VO (RCLK. ; ¥O (RCTK. [VO(RCLK. VO (RCLK. |

i\ ROY/ | AOY/ . ADY/ , ADY/ | ROY/ |

7251 IO 70 o) ) 7o) o] soEn L3USH | SUEY) |
P26 vQ o) G O o - o7} vQ YO [7s) vo o+ O
P27l 70 o V0 7o) | (D0. DIN | (DO. CINY { (DO. DIN) ¢ (TO, DIN) ; {DO. DIN) |
P281 7O 70 7] 70 e F721| VO, 0. vo, ' ¥0, ., Vo, |
IR . — SGCK4 SGCK4 . SGCK4 SGCK4  SGCK4 |
‘“: ke soake  sod scoke : stoke l| ;oun ¢ ool ¢ oun  moum  pouT |
P30H OIMT)  DiMIY | G (M1)  OIM1)  O(MD P73 CSCLK ~ CCiK *° cCu &o CCLK
33111 GND 3ND aND GND ZND P41}~ /CC vCC VCC ¥CC WeC
Fazl TiMOT TN T MOrTIvO) (oY 5751] 0.700° 0,700 0.700  ©.700 ~ 0,700 °
2331] vCC CC- VGG JCC [V7ele) P751] GND- GNO GND GND GND”

TP M) ((M2© M3 ((M2) i (MD) LA =N L= N - I~ I
I e L LR
P26 1110 (HDC) } O (HDC) ! O (HOC) : /O (HDC) | O (HGCY ; “a‘;f‘ PacKe 39,3',“ D(,:'A';',("' Pgﬁ')“ '
£371} VO (IDC) : O (BT ; 1O (LDT) 1 1O (EDT) ¢ ¥O (IDT) T T 70 ) o o
38| vO 70 7o) 70 70 H{CS1.A2) | (CST, A2) ! (CS1, A2) ; (CS1. A2)| (CST, A2) !
P39} 0 V0 O +0 1] 2301 VO (A3) /O{A3) VO(A3) yOI{A3) .O(A3)
PaQ| o] (o] +#O o] el P81 VO (AdY - O (Ad) O {A4) KD (Ad) 7Q (A4) L,
41| VO (INTTY & VO (INITY | O (INITY %O (NI 1 w0 (T PE21| VO (AS) VO (AB) VO (AB) /O (A5) ; UQ (A
Pazi] vCC VCC VCC VCC VCC 831 VO (ABY VO (AB) VO (AB) O (AB) 7O (A6)
P43l] GND GND GND GND GND P841| VO (ATY * VO (AN WO (A1) YO (A7) - VO (AT) -
Pd4| o] [i{e] e} /0 e} 2198/96-. -
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AD7821
General Descriprion

The AD7821 is a high-speed, $-bit, sampling, analog-to-digital converter that otfers improved
performance over the popular AD7820. It offers a conversion time of 660 s {vs. |.36 us for the
AD7820) and 100 kHz signai bandwidth (vs. 6.4 kHz). The sampiing instant is becter derined and
occurs on the falling edge of WR of RD. The provision for a V. pin (Pin [9) allows the part to
g &dg gs g L

operate from =5 V supplies and to digitize bipolar inpur signals. Alternatively, for unipolar inputs. the
Vg pin can be grounded and the AD7821 will operate from a single +35 V supply, like the AD7820.

SS P = P < oply

The AD7821 has a built-in track-and-hold function capable of digitizing full-scale signais up to 100
kHz max. It also uses a haif-flash conversion technique that eliminates the nesd to generate a CLK
signal for the ADC.

The AD7821 is designed with standard microprocessor controi signals *CS, RD, WR. RDY, [NT) and
latched, three-state data outputs capabie of interfacing to high-speed data buses. An overtlow ourpur
{OFL) is also provided for cascading devices to achieve higher resoiution.

- e e e . . - - 2 . . .
The AD7821 is rabricated in Linear-Compatible CMOS (LC*MOS), an advanced, mixed technoloygy
process combining precision bipolar circuits with low-power CMOS logic. The part features a low
power dissipation of 50 mW.

Datasheets
Listed below is the datasheet for this product. This darastest is availzble in Adobe

Acrooat PDF format. To view Acrobar files you must install Adobe Acrobat Reader:
Acrobat Reader is available free of charge. To download Adobe Acrobar visit their website.

Military Products

Listed below is the military datasheet for this product. This datashest is available in Adobe Acrobar
PDF tormat. To view Acrobat files you must install Adobe Acrobat Reader. Acrobat Reader is
available tree of charge. To download Adobe Acrobat visit their websita.

* 8-Bit, 600nS, Samoling”
(Contact your local Analog Devices sales office or distributor for this datasheet)

Ty ..Vi
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ANALOG
DEVICES

LC?MOS High Speed, pP-Compatible
8-Bit ADC with Track/Hold Function

AD7821

FEATURES

Fast Conversion Time: 660 ns max

100 kHz Track-and-Hold Function

1 MHz Sampie Rate

Unipotar and Bipolar Input Ranges

Ratiometric Reference Inputs

No External Clock

Extended Temperature Range Operation

Skinny 20-Pin DIPs, SOIC and 20-Terminal
Surface Mount Packages

GENERAL DESCRIPTION

The AD7821 is 2 high speed. 3-bit. sampiing, analog-to-digical
converter that offers improved performance over the popuiar
AD7820. [t offers a conversion time of 6560 ns (vs. 1.36 us for
the AD7820) and 100 kHz signal bandwidth (vs. 6.4 ki{z). The
samoling instant is better defined and occurs on the falling edge
of WR or RD. The provision of a Vs pin {Pin 19) allows the
part to operace from =3 ¥ suppiies and to digitize bipolar input
signals. Alternatively. for unipolar inguts, the Vss pin can be
grounded and the AD782! will operate from a single +3 V sup-
oly. like che AD7820.

The ADT782! has a built-in track-and-hold functon capable of
digitizing full-scale signals up tw 100 kHz max. [t aiso uses a

" haif-flash conversion technique that eliminates the need (o gen-

erate 3 CLK signal for the ACC.

The ADT7821 is desi with standard microprocessor conccol
signais (CS. RD., WR. RDY. INT) and latched. three-state daca
vucputs capable of interfacing to high speed data buses. An
overtlow outpuc (OFL] is also provided for cascading devices to
achieve higher resoludon.

The AD7821 is fabricated in Linear-Compatible CMQS
{LC*MOS). an advanced, fhixed technology process combining
nrecision bigolar circuics with low power CMOS logic. The part
features a low cower dissipation of 50 mW.

REV. A

‘ntormanon furnished by Analog Devices is believed 1o be accurats and
relianie. However, no rasoonsibility 1S assumed by Anaieg Davices ior s
use, nor for any infringements of patents or other rignts of tird parves
wnich mav resutt from its use. No license is grantea by imoticadon or
JTErWISE UNGEC 3NY DATBNT OF RATENT 1IQNTS of Analag Oewvices.
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PRODUCT HIGELIGHTS
1. Fast Conversion Time >

The haif-flash conversion technique, coupied with fabricauon
on Analog Devices” LC*MOS process. anables a very fast con-
version dme. The conversion time for the WR-RD mode is
660 ns. with 700 ns for the RD mode.
Buiit-In Track-and-Hold
This allows input signals with slew rates up to 1.6 Viys to be
converted to 8-bits without an extemai track-and-hoid. This
corresponds o a § V peak-to-peak. 100 kHz sine wave signai.
3. Tocal Unadjusted Ector
The ADT7821 features an exceilent total unadjusted ecror fig-
ure of less than %! LSB over the {uil opecating temperacure
range.

™~

4. Unipolac/Bipolar Input Ranges
The AD7821 is specified for single supply {+35 V) ogeration
with a unipofar full-scale range of 0 to +3 V. and for dual sup-
ply {£3 V) operation with a bigolac input range of £2.5 V.
Typicai performance characterisdcs are given for other input
ranges.

3. Dynamic Specifications for DSP Users
In addition to the traditional ADC specifications. the
AD7821 is specified for ac parameters. including signai-to-
noise ratio. distortion and siew race.

One Tecnnology Way, £.0. Box 9106, Norwood. MA 02062-9108, U.S.A.
Tei: 617/329-4700 Fax: 817/326-8703
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Yoo = +3V = 5%. GND = 0 V. Unipolar ngut Range: Yss = GND, Veer(+) = 3 ¥,
AD7821 “SPEC ’ Fl CAT] ONS ‘qu;(;) = GND. Bipolar Input Range: Vs = -3V = 5%, Yoge(+)} = 25V,
Vres(=) = -2.5 /. These test conditions apply unless otherwise stated. All specifications Ty t0 Ty uniess otherwise noted. Specifications
apply for RD Mode (Pin 7= 0 V),

Parameter K Version! 3. T Versions  Uaits Comments
UNIPOLAR INPUT RANCE ,
Resoluuon® 3 3 Sies )
Totat Unadiusted Error? =1 T =t LSB max '
Minimum Resoiuton for which
No Mussing Codes are Guaranteed 3 3 Blts
2UPCLAR INPUT RANCE
Resoiutinn® 3 Sis
Zero Code Error £ L38 max
Zuil Scale Eeror ' =i L38 max i
Signai-to-Noise Rado {SNR) 43 dB tmin Vv = 99.83 tHz Full-Scale Sine Wave with [sayeine = 300 kHz
Toul Harmoaic Disioruon (THDY® -3 -30 aB max Voy = 99.85 kHz Fuil-Scaie Sine \Wave with fgiypve = 300 kHz
Peak Harmonic or Spurious Noise® =50 -50 48 max ' iy = 59.35 kHz Fuil-Seale Sine Wave with fsaupiivg = 500 kHz
latermodutacion Cistoruion (IMDY? {2 {84.72 kHz) and (b (94.97 kH2) Fud-Scaie Sine Waves
N\ wth fsammine = 300 kHz
3 -3 dB max Second Order Terms
-3 dB max Third Order Terms
Stew Rate. Tracking’ 9] Vlus max
2.36 Yius vp
REFERENCE INPUT )
Input Resisance L0440 1.0/4.0 *Q minvkQ max
Yaeeri~) [nout Voltage Range Yogp{-1Vop Veget-1Vap V mine¥ max
Yogrr-} lnputl Yoitage Range VsgVogr(-) Vg Vaget=i V mineV max
ANALOG INPUT
nput Voitage Range Tagel-vVagel=)  Yagri-lVage(-) V mur/ max
tnput Leakage Current =3 =3 UA muax PSSV -3Y
{nput Capacitince i 33 : af tvo
LCCIC INPUTS ' ] 7
Veun 2.4 24 Y mun .
Vo 9.5 " a8 V max
Lun +C3. KDY i 1 A max
Loe (WR) 3 3 i pA max
oy, -1 -1 PA max
input Capacitance® 3 3 2F max Typicaliv § pF
MCDE i
Yoy 13 15 V min
Ve, 1.3 i LS Y max H
tont 200 2 HA max 50 uA typ
L D -i #A max
Input Capacitance’ 3 3 af max Typically § oF
LOCIC CUTPUTS
080-087. OFL. INT
Von 1.0 . 40 YV mun {soumce = 360 uA
Ve 0.4 , 04 V max {5k = .5 mA
inyr {DBO-DBT) Ps =3 A max ! Floaung State Leakage
Output Capacitance* {£80-DBT) 3 3 oF max Typicaily 5 of
RDY
Voo .4 3.4 ¥ max lsive = 2.5 mA
layr = =3 A max i Tloaung Sate Leaxage
Outout Capacitance? 3 3 of max « Typically 5 oF
PCWER SUPPLY
loo® ] ¢ mA max TRD =0V
lss 100 160 A max 5= =0V
Power Dissipauon H 3 mW op
Power Supply Sensidvity B3] i LSB max =UI6LSB oyp. Voo = 475 V0 5.25 V.,
Vegp(e) = 4.75 V max for Unisoac Mode
NOTES

‘Temperature Ranges are as ioflows: K Version = —40°C w0 ~85°C: 3 Version = —40°C 10 —35°C; T Verstan « ~355°C 10 -125°C.
‘1 L53 » 19.33 mV lor oote che umoolar 10 V ta =3 V] and blpatar 1-2.3 V 10 +2.5 V) inpuc ranges.

See Termmnoiogy.

‘Sample texced a¢ +25°C (0 ensure comoliance.

‘See Typical Peciormance Charscterstxs.

Speaiicadons subject to change without nodice.

A
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AD7821

T[MING CHARACTER]STICS1 (Voo = ~3V £ 5%, Vs = 0 V or -5 V £ 5%: Unipolar or Bipolar tnput Range)

Limic at Limic ac
Limit ac +25°C Tuore Tvax Ty Tuax
Parameter - (All Versians) " (K, B Versions) (T Yarsion) Units CondigonsgComments .
tess 3 3 9 fs min €S 0 RDITR Secup Time
fesi D] b ] ' asmin CS w0 ROER Hold Time
ony? 7 33 100 as max CS t0 RDY Deiay. Pull-Up
Resistor 3 k1.
icrn ] 375 373 ns max Conversion Time (RD Mode)
facca Data Access Time (RD Mode)
lean = 23 “ero + 30 tery ~ 38 i oas max CL =20 of
cro + 30 crp + 83 ferRy + 73 as max Co= 100 of
s 30 - - as typ RO w0 INT Delay (RD Mode)
30 83 30 as max
ton' 13 18 15 as min Jaca Hold Time
80 )] 30 as max
» 33 128 300 as min Delay Time Setween Conversions
'S 250 323 {0 s min Write Pulse Width
19 10 10 4S5 max
20 230 23 430 as oun Deiay Time between TR and XD Puises
agad 160 205 210 as mn RD Puise Width (WR-RD Mode, see Figure 12b)
Derecmined by tycey
taeer® Sata Access Time (WR-RD Moge, see Sigure 1 2b)
160 205 230 as max C- =20 oF
183 235 273 as max T = 100 oF
tag 13 183 220 a3 max QD t0 INT Deiay
e 280 - ns tvp TR0 INT Deiay
300 510 100 * ns max .
"READZ 55 H 33 as ¢enin RD Puise Width (WR-RD Mode. see Figure 12a) -
Determined by tyees
: Data Access Time (WR-RD Mode. see Tigure i2a)
sees? 33 s 85 ns max CL=200fF
20 g 130 as max Ci = 100 oF
Suwr’ 30 100 120 as max TR 0 INT Delay (Stand-Aione Operatton}
tmy? Dara Access Time atter [NT
{Stand-Alone Operation}
20 35 10 as max Ce = 20pF
13 53¢ 70 as max C =100 oF
NOTES

Sampt- tested at »25°C :a trsuce comonance. Ail \1out conteol sugnals ace speciied win tr = o
0y, » 30 oF.

303 (12% ro 30% of «3 V) 30d timed from a voitage tevet of 1.3 V.

Nfensured wirh ioad circuts of Fieure | ang dedined 23 ihe tne cequiced for 20 outbut to crass 0.8 ¥ ne .8 V,
'Detined 23 tne ume requirea for the gaca lines (@ change 0.3 ¥ when loaded with the circuws of Fé iguee 2, -

Soeclcations Ot 10 crange without AoliCe.

Test Circuits

se-:
)
o s e .
oan 1 oeN
i é T & ‘.L.. .
V ' oano: \v4 BGND.
a. High Z to Vou b. High Z to Vo,
Figure 1. Load Circuits for Data Access Time Test
5V -
]
nn
DCMO—#——I——O TS U
L
nao % == oo _L 1o0f
V ocnni ) ; SaND
2. Von o Hign Z 8. Vi 0 Hign Z

Figure 2. Load Circuits for Data Hold Time Test

ORDERING GUIDE
Totai
Temperature Unadlusxed Package
Modei! Range Error (LSB}! Ogrion®
AD7821KN -40°C 16 «385°C =l max N-20
AD782IKP ' -40°C 10 -85°C =1 max P-20A
AD7821KR ' -40°C 10 «85°C  =! max R-20
AD7821BQ -40°C w0 -35°C  =! max Q-20
AD7821TQ -33°C w0 +125°C =1 max Q-20
ADT821TE | -55°C 0 +125°C =1 max £-20A

\OTE;

To ceder MIL-5TD-383. Class B processed parts. add /3338 to Dart
aumber. Coneact local saies office for mititary dawa sheet.
'E = Leadless Cerarmic Chio Carne: N = Plastic DIP: P = Plasuc Leaged
Chip Cacrzer: Q = Cerdip: R = 501C.
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AD7821

ABSOLUTE MAXIMUM RATINGS® Industrial (B Version) ................ -40°C 10 -85°C
YnptoGND ..o SQ3V.-T7VY Extended (T Version) . .............. -35°C o -125°C
VestoGND .o -03V. -7V Storage Temperature Range ............ -85°C 10 ~130°C
Cigital Input Voltage to GND Lead Temperature (Soldering, 10 secs) -300°C
{Pins 8-8. 13} ................... 03V. Vo =03V Power Dissipation (Any Package) to =75°C ... ..... 430 mwv
Digital Cutput Voltage to GND Deraces above =73°Cby .........ociuvin.... 8 mWi"C
(Pin§ 2-3.9.14-18) ...l -0.3V. V5o - 03V *Sicesses aove those ilsted unoer “Absolute Maxmum Ratings” may cause
Veesi=) o GND . ......... ... Vg5 -0.3V. Vop =03V permanent damage o the device, This 1s a stress rating onty and {uncusnai
Vaes{=) toCGND . .............. Ves -0.3V. Vs =03V operation of e device ac these or any other condidons above those in tn e
"/[\.,' wWwGND ... VSS -0.3V. VDD -023V cperauonal sectiors of this speciiicaton is not impled. Exposure 10 absowte
Or:)erating Temperature Range X ating cond for ded periods may affect device ceitabilit.
‘Commercial (K Version) . ............. -40°C w0 =85°C
CAUTION

ESD {electrostatic discharge} sensitive device. Electrostatic charges as high as 2000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD7821 feacures proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high znergy electroscatic discharges. Therefore. proger ESD
orecautions are reccmmended to avoid performance degradacion or loss of functionaicy.

- WARNING!
W&é{

PIN CONFIGURATIONS
DIP AND SOIC LCCC PLCC
"1 B §' 53
oes E E Vas. L H
h v Soaeenan

...O“EZ - ﬁ w T Tom G
oz (<] EAM'M ‘17 catuesm oas g 117} cerinsm
: . a0ty .
oat E ADTE21 E ose 1« o6 wRnov fat T0nvEW. 118} O8e
oy E Nat v Soer. Em 1s oas woos- {71 = hovio Sesey: {51 oss
mooe (71 ’ 1e] ose 1 coa- B q {1e} oue
= E E.a ‘ :
in? E 12 Veget =t Lo [:!E:“n!_llu |ui;.
.cmo fre }"LVM—O. iz % I_ :': ki
- i1
TERMINOLOGY INTERMODULATION DISTORTION

_LEAST SICNIFICANT BIT (LSB)

An ADC with 8-bic resolution can resolve one art in 22 (17236
of full scate}. For the AD7821 operadng in either the unipolar

or bipoiar input range with 3 V fuil scale. one LS8 is 19.53 mV.

TOTAL UNADJUSTED ERROR
This is a comprehensive specification which inciuaes relacive
accuracy. ofiset error and full-scale ervor.

SLEW RATE
Siew Rate is the maximurn allowable rate of change of input
signal such tha the digital sample vaiues ace not In ecror.

TOTAL HARMONIC DISTORTION

Total harmonic distortion is the ratio of the square rooc of the
sum of the squares of the rms value of the harmonics 0 the rms
vaiue of the fundamental. For the AD7821. total harmonic ais-
toction (THD) is defined as

| \.;(sz vy f-Vsz'i'Vsz) ]
20 logj < — ~:dB

Vi .

i

where Vy is the rms amplitude of the fundamentai and Vs, V.
V.. Vi, Ys. are the rms amplitudes of the individuai harmonics.

With inguts consisdng of sine waves at two frequencies. fa ana
fo. any active device with nonlinearities will create distordon
products, of order (m+n). ac sum and difference frequencies of
mia+nib. where m. n= 0, 1. 2, 3.- - - -. Intermodulation cerms
are chose ior which m or n is not equal to zero. For example. the
secona o:cer terms include {fa + ib) and (fa - ), and che third
oraer terms include (2fa + fb), (2fa - ), {fa + 2) and

{fa - 2fb). For the AD7321 intermoduiation distortion is calcu-
fated separately for both the second and third order terms.

SIGNAL-TO-NOISE RATIO
Signal-to-noise rato (SNR) is measured signai-to-noise ac the
outpuc of the ADC. The signal is the rms magnitude of the fun-
damental. Noisa is the rms sum of ail nonfundamental signais
{excluding dc} up to haif the sampling {requency. SNR s de-
sendent on the number of quantization levels used in the digiti-
zation process. The theoretcal SNR for a sine wave inpuc is
given by:

SNR = 86.02 NV~ 1.76) dB
where N is the number of bits in the ADC. Thus. {or an ideal
8-bit ACC, SNR = 50 dB.

PEAK HARMONIC OR SPURIOUS NOISE

Peak harmonic or spurious noise is the rms value of the largest
nonfundamentai frequency (excluding dci ug to haif the sam-
pling irequency o the rms vaiue of the fundamentai.
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Typical Performance Cun/es—AD7821
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AD7821

PIN FUNCTION DESCRIPTION

Pin ~ Mnemonic ; Descripdon
H " Ve ! Analog Input: Range Vazz(-) S Vix €
. i Voge(+)
2 i DBO ‘ Three-Stace Data Curpur (LSB).
3-5 + DBI-DB3 | Three-State Data Outpuss.
5 ! WRRBY ,WRITE control inputREADY scawus
| output. See Cigitai [nterface section.
7 MODE | Mode Selection Input. I¢ determines
hether che device operates in the
i ! \WR-RD or RD mode. This i input is in-
; ternally puiled low through a 30 1A
; cucrent source. See Digital Interface
; section
3 D : READ [nput. RD must be low t0 access
| data from the part. See Digual [nterrace
. section.
3 NT : INTERRUPT Qutput. INT going low
: indicates chac the conversion is complete.
INT returns high on che rising edge of
CS or RD. See Digical Incarface section.
0 - OND Ground.
11 Voee(-) Lower limit of reference scan.
Range: Vss £ Vaes(-) < Vazs(+).
12 1 Vagp(+) Upper limit of reference span.
! Range: Vagz{-) < Vazs{~} < Voo
13 1 C8 Chip Select Input. The device is selected
' when this input is low.
14-16 ; DB4-DB6 | Theee-State Data Quiputs.
17 . DB7 Three-State Data Output (MSB).
'8 i OFL Overilow Cutput. [f the 2nalog inout is
’ higher than {Vags(+) - /2 LSB), OFL
! will be low ac the end of conversion. [t is
| 3 non-chree-state outpuc which can be
; used (o cascade 2 or mote devices 0
, increase resoiution.
13 7 Vg ; Negative supply voitage.
‘/55 = () '/: Unipolar Operation.
[ Vs = =3 V2 BIoomr Cgeradon.
20 P Voo ! Positive supply voitage, =3 V.
CIRCUIT INFORMATION

BASIC DESCRIPTION

The AD782! uses a haif flash conversion technigue (see Func-
rionai Block Diagram). whereby two 4-bi¢ flash ADCs ace used
to achieve an 3-bit result. Zach 4-bit flash ADC contains i3
comparators. which compare an unknown input voitage o the
reference fadder. o achieve a 4-bit resuit. The MS {most signifi-
cand) flash ADC converts an unknown anaiog input voitage
{Vix} 10 provide the 4 MS data bits. An internal DAC. driven by
the 4 MS data bits. then recreates an analog approximation of
the input voltage. The DAC output voitage is suotracted from
the anaiog input. and the difference is converted by the LS
sleast significant) ADC (o provide the 4 LS data bits. The MS
flasih ACC aiso has one addidonal comparator o detect over-
range on the anaiog input.

131

OPERATING SEQUENCE

The AD732! has two operating modes. The RD mode ailows a
conversion o be started and daca to be read with a single. ex-
tenced. READ operadon (i.e.. CS and RD are caken low). The
13 ersion orocess is imed out by intemal one-shots. The WR-
RD mode uses WR to start 2 conversion and RD to read the
data and ailows the conversion tming to be extemally con-
wrolled. The operating sequence for the WR-RD mode is shown
in Figure 3.

ﬁcovqm\--ouru
7 COMWVEPIMOMN i COMPLETE
- mmrmuumrl
ALREAQY ™ THE OUTPUT
LATCH aM0 CAN 88 READ

14 A /
SETUP THAE REOLANED ARuR ICUBON & i\

3 Teg NTERMGAL * . 5
TORS, 10 17 ATenm [ \
" FEOR TO STARTING i

5 SAOUGHT LOW HEAE LA TTIMS
TG 9 DATA WMTS MTO QUIFUT LATCH
ANG ACCESIES OATA ON DSO-O8TY

Figure 3. Qoerating Seauence (WR-RO Mode)

A conversion s initiated and the e analog input signal (V (Vi)
sampled on the falling edge of WR (failing edge of RD. RD
mode). A setup time (tp. delay time between conversions) of
350 ns is required prior to this falling edge. See Digitai Interface
section for more details. When WR is low the intemal MS
{most significant} ADC compares the sampled analog inpuc with
the rer'erﬂnce ladder to provide the 4 MS data bits. A minimumy
of 2! 250 ns is required for this comparison. On the rising edge qf
WR. the MS data resuic is iatched internally and the LS (least
significant) conversion begins, ¢o vield the 4 LS daa bis. INT
goes low typicaily 380 ns after the rising edge of WR. This indi-
cates the LS conversion is complete and that both the LS and
MS daca results are iatched into the output butfer. RD going
low then enables the ouzput data. If a faster conversion 1 dme is
cequited. the RD line can be brought low 250 ns aiter WR goes
high. This lacches both the LS and MS data bits and outpucs the
conversion resulc on DBO-DB7.

REFERENCE AND INPUT

The Vagz{-} and Vger(~) reference inputs on the AD7821 are
fully differendal and define the zero and full-scaie input range of
the ACC. The transfer chacacteristic of the part is defined by
the integer vaiue of the foilowing expression:

Daca (LSBs) =256 —l"——fi“‘—) ~0.5
#3er Vagp(eed 3
As a resuit. the analog input (Vm} Of the device can easily be set
up to provide both unipoiar and bipolar operadon. The daca
output code for umooiar and bigular operadon is Nawural Binary
and Offset Binary, respectveiv.

The span of the anaiog input voitage can easily be varied.

By reducing the referance span. Yagsi(+) - Vaee(-), 10 less than
5 V e sensitivity of the converter can be increased (i.e.. if
Y3gr = 2 V then | LSB = 7.3 mV). The reference llexabiilty also
ailows the input span foc unipolar operation to be oifset from
zer0 (Voez(~} > GND). Additionaily. the ingutreference ac-
rangement facilitates radiometric operation.

Figures 4 and 3 show some e coniigurations which are ,r:ossible.
For mmnimum nose a 47 I capacitor in parailel with 2 0.!
<apacitor shouid be connected becween the reference inpurs ana

GND
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‘em of anualiasing filter design. the sampiing rate is usuaily set
much greater than the Nvquist criterion. The maximum sara-
oling rate (fuax) for the AD7821 in the WR-RD mode.

{tap < tyety) can be calculated as foliows:

1

.—_—
iwr <frp = (r ~ o

Frax
. 1

MAX T TSE —6<0.256 -B-0.136-50.35 -5

tyg = Weite Pulse Width

igp = Delay Time between WR and RD Pulses

tar = RD 10 INT Delay

tp = Delav Time berween Conversions

7
{

This permits a maximum sampiing race for the AD7821 of
! MHz. which is much greater than the Nyquist criterion for
sampiing a 100 kHz analog input signal.

DIGITAL SIGNAL PROCESSING APPLICATICNS

In Digral Signai Processing (DSP) agpiication areas like veice
-acognidon. echo cancellacion ana adapuve filteang, the dy-
namic characteristics {Signal-to-Noise Ratio. Harmonic Distor-
tion. Intermodulaton Distordon) of an ADC are cridical. Since
the AD7321 is a very fast ADC with a buift-in track-and-hold
{unction. it is specified dynamically as weil as with standard dc
specifications (Towl Unadjusted Error, erc.).

SIGNAL-TO-MOISE RATIO AND DISTORTION

The dynamuc peciormance of the AD7821 is evaluated by apply-
ing a very low distortion sine wave signal to the analog input
{Vix) which is then sampled at a 312 kHz sampling race. A Fast
Fourier Teansfoem (FFT) ploc is then generated from which
Signal-to-Noise Ratio (SNR) and harmonic distorcion data are
obrained.

Figure 8 shows a 20483 point FFT ploc of che AD7321 with an
input signal of 100.25 kHz. The SNRis +{9.1 dB. t should be
noted that the harmonics are taken into account when calculac-
ing che SNR. The theoreticai reladonship between SNR and
resoiudon {N) is expressed by the foilowing equation:

SNR=6.02N=-176]dB ... ..ot {1
E)
'NPUT FREQUENCY = 10D 25uME 2 = L5Y)
SAMILE FIEQUENCY = 12Nt
a-0 TNR = %20
N Ty » 25C
ER
iw
ii R Nl K @ N
i-w
5 Ey
3 ! g
L] 10028 - 4
REOUENCY = urey
Figure 8. AD7321 FFT Plot
EFFECTIVE NUMBER OF BITS

By working backwards from Equation (1) it is possible 0 get a
measure of ADC gerformance exoressed in eifective number of
oits {N). A piot of the effective number of bits versus input fre-
quency is given in the Tvpicai Performance Charactenstcs sec-
zion. The etfectve number of bits typically fails berween 7.7 and
7.3, corresponding to SNR figures of 48.1 and 19.7 4B.
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INTERMODULATION DISTORTION

For intermodulauon distocton (IMD). an FFT plot consisting
of very low distortion sine waves at two frequencies is generated
by sampling an analog input appiied o the ADC. Figure 3
shows a 2048 point piot ior IMD.

LnAL A -

Figure 8. FFT Plot for IMD

HISTOGRAM PLOT

When a sine wave of specified frequency is appiied 0 the Viy in-
put of the AD7821 and severai thousand samples are raien. i is
oossible to plot a histogram showing the ftequency of occur- .
rence of each of the 236 ADC codes. A perfect ACC oroduces a
orobaaility density functon described by the equation:

i

AV = e
(A - V!}uz

where 4 is the peak amplitude of the sine wave and P(Y) is the
probability of occurrence at a voltage V.

{f a particular step is wider than the ideal | LSB width. then the
code associated with thac siep wiil accumuiate more counts than
for the code for an ideal step. Likewise. a step narrower than the
ideal width will have fewer counts. Missing codes are easily seen
gecause a missing coda means zero counts Jor a pacrticulac coge.
The absence of large spikes in the plot indicates small differen-
val nonlinearicy.

Figure 10 shows a hiscogram plot for the AD7821, which cocre-
sponds very weil with the ideal shape. The piot indicates very
small differental nonlinearity and no missing codes for an input
frequency of 100,25 Hz,

I TPV

Figure 0. ACTE2: Histagram Plot
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3ipolar Operation (-2.5 Vo +25V1
INPUT CURRENT

The anaioy input of the AD7821 behaves somewhat differently
0 conventonal A/D converters. This is due to the ACC's
sampled cata comparators. which take varying amounts of input
current degending on the cycie of the convarter.

"'he equivaient inpuc circuit of the ADTS2! is shown in Figure

5. When a conversion ends {e.g., falling edge of INT. WR- RD
mode. tap > Gyt 2ii the input switches are closed and Viy is

connected to the comparators of the incernai LS and MS ADCs.

Therefore. Vqy is connected to 31 one-pF inpuc capacitors

simuitaneousiy .
Lo 1
I v E ¥

=1 T

% Rene ]
e e} .
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Fiqure 3. AD7821 Eguivalent Input Circuit

The input capaciors must charge 0 che ingut voltage theough
the on cesistance of the analog switches {about 2 kQ 0 3 Q).
In addition. about 12 p of ingut stray capacitance must be
charged.

The analog input can be modeled as an equivalent RC necwork
as shown in Figure 7. As Rs {source impedance) increases. the
‘ngut cagacitance takes fonger o0 charge.

The comparators track the anaiog input becween conversions. A
mummum defay time {t) of 230 ns is required between convec-
sions (o ailow for voltage source settling and comparator track-
ing time. This allows input time constants of 30 ns without
setding time problems. Typical total input capacitance vaiues of
55 pF allow Ry to be 0.9 kQ without lengthening te to give Viy
more (ime <o setge.

Lo L
"DF"i‘

R2TAY 7 I20F

T v v

Y

Siqure 7. RC Network Model

INPUT TRANSIENTS
Transients on the anaiog input signal caused by charging
current flowing into Viy will not normaily degrade the ADC's
periormanca. [n effect. the AD7821 does not ‘look™ at the in-
out when these wransients occuc. The compacators’ S inguts Tack
J,- and are not sampied undl the talhng edoe of WR {(WR-RD
Mode) oc RD (RD Mode. so at ieast 350 ns {tp) is providea to
charge the ADC's input capacitance. [t s, cherefore. not neces-
sary (o (iiter our these cransients with an external capacier ac
the Viy termunal.

INHERENT TRACK-AND-HOLD
A major benefit of the ADT821’s input structure s its abiiity ©
measure a variety of high-speed signais without the helo of an
axtemnai track-and-hoid. Any ADC which does not have a built-
in track-and-hold. regardless of its speed. requires the anaiog in-
puc to remain staole to at feast 1/2 LSB for the duration of the
conversion o maincain full accuracy. This requires the use of a
track-and-noid whenever tne inout 1s a hign-speed signai. The
ADT821's sampled-cata comparators. by nacure of their input
switching, innerendy accomplish this track-a2nd-hold funct:on.
Although the conversion time for the AD7821 is 660 ns
WR-RD mede. twg — 3p + tacey). the dme for which Viy must
be stable to 172 LSB is much smailer. The AD7821 tracks Viy
between conversions only. and its value on the rallmg edge of
%R or RD in the WR-RD or RD modes. cespecaveiy, is the
Teasured value.

SINUSOIDAL INPUTS

The tandwidth of the built-in track-and-hoid is 100 kHz max
{130 kHz typ. 3 V g-01. This is limited by the anaiog bandwidth
of the comparators and tming skew Cetween the comparator
switches. This means that the anaiog input frequency can te ug
0 100 kiHz without the aid of 2n extemnal wack-and-hoid. The
Nvguist critenon requires that Lhe sampling rate te ac least
“wice the inout frequency (i.e.. 22 X 100 kiHz). This cequices an
<eai anciaiiasing filter "vich an infinite roil-o. To ease the orob-

a
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la digteal signal processtng applications. where the AD7821 is
used to sampie ac signals. it is essantial thac the signal samgling
occurs ac exacdy equal incervals. This munimizes errors due to
sampling uncertainty or jicter. A precise timer or cicck source.
to start the ACC conversion process. is the best method of gen-
eradng equidistanc sampling intervals.

The two modes of ogeration given in the daca shee( are suitable
for DSP applicadons because the sampling instanc of the
AD782! is weil defined. Vix is sampled on the {aiiing edge of
¥R or RD in the WR-RD or RD modes. respectively.

DIGITAL INTERFACE

The AD7821 has two basic interface modes which are deter-
mined by the stacus of the MODE pin. When this pin is low, the
converzer is in the RD mode. with this pin high. the AD7821 is
set up for che YWR-RD mode.

The RD mode is designed for microprocessors that can be
driven into a WAIT state. A READ ogecation (i.e.. CS and RD
are taken low) starts a conversion and data is read when the
convecsion is compiete. The WR-RD mode does not require mi-
croprocessor WAIT suaces. A WRITE operadon (i.e.. CS and
WR are taken low) initiates a conversion. 2nd a READ opera-
tion reads the result when the conversion is comolete.

RD Mode (MODE = 0)

The timing diagram ioc t:e RD mode is shown in Figure (1.
This mode is intended for use with microprocessors which have
a WAIT state facility, whereby a READ insguction cycle can be
axtended t0 accommodate slow memory devices. A conversion
is started by taking CS and RD low (READ operation}. Both
TS and RD are then kept low undl output daca appears.

e ——
= X 4 .
] 1 S -
T y—r
w ! 4 L
P Fee
e tong o - S |
1
- X [ T
bl R4 WITH EXTERMAL PULL-UP
i~ \: B
et |
MI—————'—-——-—-——-—{ Yauo }—_---_.._.
i R .
; I— tegpy e} . -l P e

Frgure 17. RD Mode

[n this mode. Pin 6 of the AD7821 is configured as a siatus nut-
out. RDY. This RDY outguc can be used to drive the processor
READY or WAIT inpuc {t is an open drain output {no incernal
osull-up device) which goes low arter che failing edg&CS and
3oes high impedance at the end of conversion. An INT ilne is
aiso prowded which goes low when a conversion is complete.
INT returns high on the rising edge of TS o RD.

WR-RD Mode (MODE = 1)

In the WR-RD mode. Pin 6 is configured as a WRITE (WR) in-
sut for the AD7821. With CS low. conversion is inidated on the
.alhng edge of WR. Two options exist foc reading data from the
converter.

In che first of these options the processor waits for the INT sta-
ws line to go iow befoce reacing the daca (see rigure 12al.

INT typicaily goes low within 380 ns aiter the rising edge of
WR. It indicates that conversion is s complete and that the data
cesuit is in the outpuc latch. With C CS low. the data outputs
(DBO-DBT) are acuvated when RD goes low. INT is reset by
the dising edge of RD or CS.

et |
| *
e i 7_:.:: -
= i Ty 8
I
A f | ¥
——m— ] 7
| P S
sescer - = el -

Figure i23. 'WR-RD Mode ftap >twrn)

The alternative option can be used to shorten the conversion
time. This is a method for bypassing the internal time-out
ciccuit. The INT line is ignored and RD can be brought low
250 ns after the cising edge of WK. in this case RD going low
transiers the daca result into the output lacch and activaces the
data output (DBO-DBT). INT is driven low on the failing aage
of RD and s reset on the cising edge of RD or CS. The timing

for this interface is shown in Figure 12b.
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Figure 12b. WR-RD Mode (tap <twmn}

The AD7821 can also be used in stand-aione operaton in the
WR-RD mode. T3 and RD are tied low. and a conversion is ini-
tiated by bringing WR low. Curput data is vaiid 530 ns (e -
up) after the rising edge of WR. The uming diagram for this
mode is shown in Tigure 3.

Figure 13. 'WR-RO Mode Stand-Alone Qoeraton,
T35 =AD =C
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MICROPROCESSOR INTERFACING

The AD7821 is designed for sasy interfacing to microprocessors
as a memory mapped pertipheral or an I/Q device. This reduces
o a minimum the amount of external logic required for
intecfacing.

ADT7821 - 68008 INTERFACE

Figure 14 shows an AD7821 interface to the 68008 micropro-
cessor. The ADC is configured for the RD interface mode. This
means that one read instructon starts a conversion and reads
the result when the conversion is comgleted. The read cycie is
stretched out over the endre conversion geriod by caking the
TNT line back co the DTACK input of thie 68008. Startng a
converston and reading the relevant data consists of a <MOVE
8 Dn. addr> instruction. where addr is the decoded ACC ad-
deess and Dn s the dara register into wiich the resuit is placed.

‘AD7821

et R H l R
’ ‘ gAfA SUS
ook i
OMITTED FOR CLARITY.

rFigure 74, AD7821 io 68008 Interface

AD7821 - 3088 INTERFACE

A typical interface to the 8088 is shown in Figure 15. The
AD7821 is configured for the RD interface mode. One read in-
struction starts a conversion and reads che resuic. The read cvcie
is stretched out over the endre conversion period by taking the
RDY line back te the READY input of the 8088. Starting a con-
version and reading the result consists of a <MOV AX, (addr)>
instructon. where addr is the decoded ADC address and AX is
the 3088 data register into which the coaversion cesulc is placed.

Figure 15, AD7327 to 8088 Interface
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AD7821 - TMS32010 INTERFACE

A cypical interface to the TMS32010 is shown in Figure i6. The
AD7821 is mapped ata port address and the interface s designed
for the maximum TMS32010 clock frequency of 20 MHz. In chis
case. the AD7821 is coniigured in the WR-RD interface mode.
This means that a write instruction sarts a conversion and a
read instruction reads the result when the conversion is com-
pleted. A precise timer or clock source is used to start a conver-
sion in appiications requiring equidistant sampling intervals.
The scheme used, whereby the AD7821 generates an interrugt
to the TMS32010. is limited in that it does not ailow the
ADT7821 10 be sampled ac its maxdmum race. This is because the
iime between samples has to be long enough to allow the
TMIS32010 o service its interrupt and read data from the
ADT7821. Constant interruption of the TMS32010 by the
AD7821. 2very cime the ADC compietes a coaversion. is not a
very efficient use of the processor Gme. To overcome tnese
probiems. some buifer memory or FIFC could be piaced be-
tween the AD7821 and the TMS32010. The INT tine of the
AD7821 could be used to trigger a puise which drives its T3
and RD lines and places the AD7821 dara into a FIFO or buifer
memory. The microprocessor can then read a bawch of data
{rom the FIFO or buifer memory at some convenient time,
Reading data from the AD7821, aiter an INT has been re-
ceived, consists of <IN A. PA> instruction (PA is the decoded
ADC address).

TSI2a10
or vt . - L
- g - DATA BUS: S
‘oe
CMITTED FOR CLANITY.

Figure 16, AD7821 1o TMS32010 Interface

AD7821 - 8051 INTERFACE

Figure 17 shows che AD7821 incerface tn tha 2051 micrrenm
pucer. The AD7321 is configured in the WR-RD interface mode
and is connected to the 8031 ports. The processor starts conver-
sion and then poils INT. undl it goes low. before reading the
conversion result. Daca Is read from the AD7821 by using the
<MOV A, 90H> instruction (30H is the address for Port 1).
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Figure i7. AD7827 io €051 Interface
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APPLYING THE AD7821

The AD7821 is specified for a unipolar input @ngz of 0 to -3 V
and a bipoiar input range of -2.5 V to -2.5 V. The Vaee(-) and

Voer(+) voitages required for these input ranges are outlined be-
iow. See the Tvpical Performance Characteristics section for op-
2ration with unspecified ingut voitage ranges.

UNTPOLAR OPERATION

Figure i3 gives the configuration and reference voltages re-
quired for 0 V w0 =3 V operacion. The nominai transier charac-
teristic for this input range is shown in Figure 19. The output
code is Natural Bmarv with | LSB = \3/730) V= 198.5mV.

Ver

ApDTe2t"

Voo
Vu
v

)
s Tanef

I
v v

* ADOMONAL CRCNTRY CASTTED FOR CLAMTY,
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Figure 18. AD7821 Unioolar/Sioolar Operation
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Figure 19. Nominal Transter Characteristic tor Uniooler
{0 Vio -5V} Qoeration

BIPOLAR OPERATION

Figure 18 gives the configuration and reference voltages
required for -2.5 V to +2.5 V operation. The nominal wansier
characteristic for this input range is shown in Figure 20.

The output code is Cffset Binacy with | LSB = ([+2.5 -
{-2.3}}{256) V = 19.5 mV.
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Figure Z0, Nominal Vransrer Characterisiic ior Sipoiar
!-2.3 /o «2.5 V| Operation

16-CHANNEL TELECOM A/D CONVERTER

The fast sampling cate {1 M=z} and bipolac operation of the
AD7821 makes ic useful in Teiecom applications for sampling 2
number of input channels using a muitiplexer. Figure 21 shows
2 circuic for such an application.

The maximum signal frequency required for acceprable qualicy
in Telecom applications is 3 xHz. The circuit given in Figure 21
gecmits each of the 16-input channeis to be sampled ac a ratz of
15 kiHz maximum. The sampiing rate takes account of such
:nuldplexei' parameters as Ly, seutling time etc. The circuit also
2ases the problem of che antiaiiasing filter design by sampling at
a rate much greater than that required by the Nvquist criterion.
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Figure 21. 16-Channel Talecom A/D Converter System
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SIMULTANEQUS SAMPLING A/D CONVERTERS

The AD7321's inherent wack-and-hold and weil-defined sam-
pling instant makes it useful. in such applications as sonar,
where a number of input channels are required to be sampled
simulaaneously. Figure 22 shows a ciccuic for such an applica-
zon.

Drd gyl =} N

' T eee=d
—tee ,—-- T
I a———— )

Figure 22. Simultaneous Samoling A;D Converters

The actusal sampling instant. which is the instant at which Viy is
measuced. occurs approximateiy 30 ns after the failing edge of
WR or RD in the WR-RD or RD modes. cespectively, due to in-
ternal logic delays. However, the internal logic delay and. there-
fore. the sampling Instant can vary from device to gevice, but is
tptcally within =3 ns. This neans thac a maximum common in-
gut sine wave of =2.5 V ac 32 kiHz. apolied to any number of
ADT7821s in the circuic of Figure 22, wiil yield a maximum dif-
{erence between the converter outputs of typically =1/4 LS8.
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OUTLINE DIMENSIONS

Dimensions shown in inches and [

mmt.
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ADC-908

CMOS MICROPROCESSOR—COMPA’I‘[B[E

FASTS-BITA/D CONVERTER

‘Precision Monolithics Inc. )

FEATURES

8-8it Resolution and Accuracy

No Missing Codes over Full Temperature Range
6us Conversion Time

Fiexible uP Interface

2.5mA Maximum Standby Current

Replaces AD7574 with Improved Speed
Available in Die Form

* & & & 0 & 0

ORDERING INFORMATION !

PACKAGE: 18-PIN DIP AND SO

EXTENDED
MILITARY* INDUSTRIAL COMMERCIAL
INL ONL TEMPERATURE TEMPERATURE TEMPERATURE

(LSB) (LSB} -35°CTQ+125°C  -40°CTO+85°C 0*C TO +70°C
=42 =34 ADCS08AX ADC908EX ADC908GP
=34 =7/8 ADC908BX ADCI08FX -

=3/4 =7/8 - ADCS08FP -—

=4 =7/8 — ADCS08FS -

*  Fordevices pr intotal cc e 10 MIL-STD-883, 20a/883 after part

numoer. Consuit factory for 883 data sheet.
t  Burn-in is available on commercial ang ingustnal temoerature range pans in
CerDIP, plastic OIP, ana TO-can packages. For ordering information. see

operations. This input structure permits the ADC-308 10 be
used as a memory-mapped input device. Dependmg on the
control timing waveforms, the ADC-908 is interfaceq like
static RAM, ROM, or siow memory.

The low power consumption of the ADC-908 is derived from a
single +5V supply. A negative reference voltage must aiso be
supplied. Optimum accuracy is achieved when the reference
is at ~10.00V with a low output resistance. For a low-cost
precision ~10V/-10.24V reference, ask your PM! saies repre.
sentative about the REF-08.

With its on-board comparator, interface logic, optional interna;
clock, and +5V operation. the ADC-308 is the ideal low-cos;
solution for microprocessor-based 8-bit A/D systems,

PMi's ADC-808 is pin-and-function compatible with the
PM-7574, but offers faster conversion time and faster micro-
processor bus interface timing. Conversion time has been
reduced by 60% and most key timing specifications, including
data access time, START command propagation delay
(twapp). and reset time, have been improved. .

PIN CONNECTIONS

PMI's Data Book, Section 2.
18] OGND
GENERAL DESCRIPTION = e 18-PIN CERDIP
The ADC-908 is a monolithic CMOS successive-approxima- [ie] &3 (X-Sutfix)
tion analog-to-digital converter. When used with a 1.35MHz 5] 46 ;
clock, a conversion time of 6us is achieved, with full accuracy 3] BUSY 18"’""(:;‘::'1:;: oip
over the operating temperature range. [13] 080 (Lsmy
The ADC-908 outputs use 3-state logic, allowing direct con- g“‘ - 1?:;‘":8;
nection to the data bus or system input port. Active-LOW chip ﬁ o062
select (CS) and read/write (RD) inputs are used to control all e o=
FUNCTIONAL DIAGRAM
1
Yoo LK
i 1
o
Ay O AA— -
come san contaoL Loaie o RS
Sors O YA * O BUSY
DAC
A\
Vagr O THREE.STATE > OATA QUT
BUFFERS 080-—-087
AGNO O——'—"‘W
D}ND
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ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-8IT A/0 CONVERTER

ABSOLUTE MAXIMUM RATINGS (T, = +25°C, unless Storage Temperature —65°Cto +150°C
otherwise noted) Lead Temperature (Soldering, 10 S€C) .....cvcevecerenne- +300°C
V. 10 AGND oV, +7.0V
Vog 1o DGND OV, +7.0V PACKAGE TYPE GIA {Note 2) elc UNITS
AGND to DGND -0.3V, Vo 18-Pin Hermatic DIP (X) 79 11 ‘cW
¢S, RD 10 ODGND -0.3V, V4 + =3V 18-Pin Plastic OIP (P) 70 30 W
030-087 to DGND -0.3V. Vq 18-Pin SOL (S) 88 25 T
CLK. BUSY to DGND -0.3, Yy NOTES:
8 oFs’ Al N 20V 0 - Digital pins are zener protected. Howaver, proper £SO handling precautions
vV, oV, =20V are recommended.
REF . ' 2. e, A IS specified for worst case mounting conditions, i.e., 8., is specified for
Operating Temperature Range devica in socket for TO, CerDIP, P-OIP, and LCC packages: 8, is specified
ADC-808AX, 8X -55°C to0 +125°C for device soldered to printed circuit board for SO and PLCC packages.

ADC-908EX, FX, FP, FS ....

ADC-908GP

... —40°C to +85°C

0°Cto +70°C

ELECTRICAL CHARACTERISTICS atV,,=+5V, V . =—-10V, Unipolar Configuration, R, , = 43kQ. C¢ = 100pF; <40°C =
Ty s +85°C for ADC-908E/F, 0°C = T, < +70°C for ADC-908G, -55°C = T, < +125°C for ADC-908A/B, unless otherwise noted.

ADC-908
PARAMETER SyMsoL CONOITIONS MIN TYP MAX UNITS
ACCURACY
Aesolution N 8 - - . Bits
| -1 - -1 -
muqfa INL AJE/G Grades ” 2 Sp
Nonlinearity 8/F Grades -3/4 - «3/4
Oitferential AJE/G Grades ~3/4 - ~3/4
N
Nonlinearity OnL 8/F Grades -7/8 - -7/18 Ls8
AJE/G Grades T, = +25°C -3 - +3
: T, = Full Temp Range —4.5 - +4.5
A
Gaun Esror Grse 8/F Grades T, = +25°C -5 - 5 LS8
T, = Full Temp Range 5.5 - +6.5
A/E/GGrades T, = +25°C =30 - «30
- T, = Full Temp Range -50 - +50 .
V. A v
Oftset Error 2se B/F Grages T, = +25C 50 - 60 "
T, = Full Temp Range -80 - +80
ANALOG INPUTS
Resistance Mismatch aR,, - - " “
Bors 0 A
input Resistance
R, S - 15 kQ
atVoee (Note 1) REF
input Resistance RBOFS 10 - 10 xQ
aABgee Ay Aun
Aeference Voitage Range vaes Soeatfied C ion A Y - -10 - v
Reference Voltage Range Vaer Degraded Conversion Accuracy -5 - -15 v
Reference Current : :
(Note &) laer Conversion Complete Prior 1o Reset - - 2.4 mA
Nominal Analog
Input Range
Unipotar Mode Vinu - 0to+{Vagd v
Bipotar Mode v — —Vagelto+Vagel -
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ADC-908 MICROPROCESSOR-COMPATIBLE FAST 8-8IT VA CONVERTEIA

ELECTRICAL CHARACTERISTICS at Vy,, = +5V, Vg 2~10V, Unipolar Canfiguration, R, o = 43kQ. C,,, , = 100pF; —4gsg
< TA < +85°C for ADC-S08E/F, 0°C < TA < +70°C for ADC-908G, -55°C ¢ TA < +125°C for ADC-Q&BNB. unless otherwisa noted.

Continued
ADC-908
PARAMETER" SYMBOL CONDITIONS MIN TYP MAX UNITS
LOGIC INPUTS
".‘ﬂ".'il.GH Voltage Vi . 24 _ _
RD, CS Inputs v
input LOW Voltage v — - 08
RD. TS tnputs " v
fnput Current . Ta = +25°C - - 1
RD. TS Inputs N Ta = Full Temp Range - - 10 uA
Input Capacitance c _ s
RD. CS Inputs (Note 6) N oF
lnput HIGH Voltage,
.4 — —_
Clock input Vim 2 v
Input LOW Voltage,
V, - -
Clock Input w 0.8 v
lnput HIGH Current, ) 2
Clock input 1 mA
input LOW Current, . Ty = +25°C _ - 1
Clock Input b Ta = Full Temp Range - - 10 2 uA
LOGIC QUTPUTS
Output HIGH Voltage _
BUSY. DB0-7 Vow Isounce = 40uA 40 - _ v
Qutput LOW Voltage
— v, ! = 1.6mA - . - .4
BUSY. 080-7 oL sk = 1.6m 0 v
Floating Leakage . Ta = T25°C - - 1
Current, 080-7 txa Ta = Full Temp Range - - 10 uA
Floati tate
ng S Coz {Note 6) - - 7 oF

Qutput Capacitance

POWER REQUIREMENTS
Stanaby Current loo Vpp = +4.75V to +5.25V —_ - 25 mA
DIGITAL INTERFACE TIMING

— = o, —-— —
CS Minimum :‘ - :25 c :g
Puisn Width (Nate §) tes AT wiN - - s
Ta = Tuax 20 - -
RD o CS . o
Setup Time (Note 6) wscs - ns
BUSY Load = 20pF
T, = +25°C - - 120
TS to BUSY T T - - o
P ti 1 AT Tax — -
D::;q(:‘;: o caro BUSY Load = 100pF ns
T, = +25°C - - 150
Ta = Tun -~ - 120
Ta = Tuax — - 200
BUSY to RD . 0 s
Setup Time (Notes 2, 6) 9sA - -
BUSY to CS -
0 - - ns

Setup Time (Note 6) lascs
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ADC-308 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT A/D CONVERTER

gLECTRICAL CHARACTERISTICS a1V, =+5V, Vqep

= ~10V, Unipolar Configuration, RCLK = 43kQ), Ccu( = 100pF; —40°C

¢T, 8 +85°C tor ADC-908E/F,0°C< T 4 S+70°CHor ADC-908G, -55°C< T 2 $+125°C for ADC-908A/B, unless otherwise noted.

Continued
ADC-908
METER SYMBOL CONDITIONS MIN TYP MAX UNITS
PARA
C = 20pF
Tp = +25°C - - 140
Ta = Tumn : - - 100
pata Access Time ) Ta = Tuax - - 20
{Note 6) RAD Cy = 00pF ns
T, = +25°C - - 170
Ta = T - — 150
Ta = Tuax - — 230
Hold Time Ty = +25°C (Note 3) 30 - 100
pata ¢ =T, 20 - 70 ns
Nates 3. 6) AaHD A MIN
. Ta = Tuax 40 - 140
 to D Hold TAja-zs c - - 200
Time (Note 6) tapcs Ta = Twin —_ - 120 ns
Ta = Tuax - - 250
asset Time . Ty = v25°C 450 - -
Requirement (Note 6) AESET Ta = Full Temp. Range 500 - - ns
version Time Static RAM Mode
Con Extarnat Clock
(Note 4) >
tcONVERT t = 1.35MHz - - 5 < us
ROM Modae
4,5, 6
(Notes 4. 5. 6) internal Clock - - 7
7D HIGH to BUSY Cy = 20pF
Propagation Oelay, T, = +25°C - - 600
AOM Mode twaro Ta = Tuin - - 400 "
{Notes 4, 5, 6) Ta = Tuax - - 800
NOTES:

1. For optimum gain accuracy over ths full temperature range. the source

resistance at pin 2 should be kept low.

2 in ROM mode, RD can go LOW prior to BUSY = HIGH, but must not retum

HIGH until BUSY = HIGH.

3 Output loading 10pF. A 3k pullup resistor to +5V is used for Vg, to High-Z,
for Ve to High~Z, a 3k pulidown to GNO is used. Measured to 0.5V

cutput change,

BURN-IN CIRCUIT

1 s
3V { Voo OGNO .—J -L
2 7 K0
-V Vegr  CLK
1 1§ 0
Bors =51
sV —l_" 15 a
Ul ay, s
s w100
AGNO BUSY VWA
0N ¢ 13 w0
os7 [-1-1] VWA
=N 10x0
7 1
VWA oss os1 2 VWA
060 4 1 0kA
Das oe2 VAA
RO o 10 10RO
VWA oB4 0Bl

4. When using the ADC-908 internal oscillator, actual conversion time depends
on clock resistor and capacitor as wetl as temperature,

5. ROM interface mode conversion times are typically 1us longer than
conversion times for other modes, but the ROM interface mode includes an
automatic reset in the conversion time.

6. Guaranteed but not tested.
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ADC-908 MICROPROCESSOR-COMPATIBLE FAST 8-8IT D/A CONVERTER

DICE CHARACTERISTICS

1. Voo 10. DB3
2. Vper 11. DB2

3. Boes 12. D81

4 An 13. DBO(LSB)
5. AGND 14. BUSY

6. DB7(MSB) 15. AD

7. DB6 16. CS

8. DBS 17. CLK

9. DB4 18. DGND

For additional DICE ordering infromation, refer
to PMI's Data Book, Secion 2.

DIE SIZE 0.129 X 0.103 inch, 13,287 sq. mils
{3.28 X 2.62 mm, 8.58 sq. mm)

>

WAFER TEST LIMITS at Vpp = +5V, Vagg = —10.000V, AGND = DGND = 0V, Ta = +25°C, unless otherwise noted. '

ADC-908
PARAMETER SYMBOL CONDITIONS LIMIT UNITS
STATIC ACCURACY
Resolution N 8 Bits MIN
!ntegral Nonlinearity INL =3/4 LS8 MAX
Ditferential Nonlinearnty ONL =18 LS8 Max
Gain Error - Gege =5 LSB MAX
Offset Ecror Vzse +60 mV MAX
ANALOG INPUTS
i .
Resistance Mismatch Mg . -1 % MAX
Bogs 10 Ay
t R tanc
nout Resistance Rar 915 A0 MIN/MAX
at Vags
fAesi
Input Resistance Raoes: Ain 10730 KD MIN/MAX
at Bors, A
DIGITAL INPUTS
Input HIGH Voltage '
_— )/ .4 V MIN
at RD, CS Inouts ks 2 .
Input LOW Voitage
— Y, . vV MAX
at RD, CS inputs b 08
Input Current
— — 1 =1 A MAX
RD. TS Inputs N #
Input HIGH Voltage
Vi .4 V MIN
Clock laput - 2
Input LOW Voitage .
/ 0.8 v MAX
Clock input *
! HIGH C
nput urrent
Clock Input n 2 mA MAX
1 w
nput LOW Current \ 4A MAX

Clock Inout
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ADC.908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-8IT A/D CONVERTER

WAFER TEST LIMITS at Vpp = +5V, Vrer = —10.000V, AGND = DGND = 0V, T, = +25°C, unless otherwise noted. (Continued)

PARAMETER sYmMeoL

CONDITIONS

v

ADC-908

LIMIT UNITS

OIGITAL OUTPUTS

Output HIGH Voitage
BUSY, D80-7

Isounce = 40sA

4 V MIN

Output LOW Voltage
BUSY, DBO-7

Ising = 1.6MA

0.4 V MAX

Floating Leakage Current kg

POWER REQUIREMENTS

Standby Current loo

Vop = +4.75V to 5.25V

25 mA MAX

TIMING

Conversion Time tconverT

Static RAM Mode, External Clock, f = 1.35MHz

[} #s MAX

NOTE:

Electrical tests are performed at water prope to the limits snown. Due to variations in assembly methods and normal yield loss, yield atter packaging is not guaranteed
{or stanaard product dice. Consult factory to negotiate specifications based on dice lot qualitication througn sampie lot assembly and testing.

TYPICAL PERFORMANCE CHARACTERISTICS

LINEARITY ERROR
vs CONVERSION TIME

T v
T\ = -25°C t
Vegs = —1OV
10 = Vpq = -5V

JRVIU DRI
ORI S U

LINEARITY ERROH (L5B)

-15
< L] L] 10 ? " 1.
CONYERSION TIME (u9)
GAIN ERROR
vs CONVERSION
TIME
15
]
- { |

YT
|

GAIN EAROR (LSB)
o

|

-10 |- T, = ~25°C
Vage = =10V
Voo = oSV |

2 4 6

CONVERSION TIME (us)

OFFSET (mv)

T —~CONVERSION TIME (us)

OFFSET ERROR
vs CONVERSION TIME

RAM MODE

T
Ta = +25°C
Vags = -0V

12 % 0

CONVERSION TIME (.3}

CO
vs
WITH

NVERSION TIME
TEMPERATURE
INTERNAL CLOCK

H |
Voo = +5V

24
o = MBRA_Coper 1000 |
» R0 /// . // Y %,
O ks

~25

25 8 128

T,—TEMPERATURE (°C)

CONVERSION TIME (us)

ADC OUTPUT CODE

CONVERSION TIME vs
Rewx AND Gy ™

T T

T, ~25°C !

- v:,: u 5V Z
7

Y/ Cax = 10008

X ™ I00F =~

CONVERSION UNCERTAINTY
AROUND MAJOR CARRY

10mv0IV
ANALOG INPUT
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PMI ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT AD CONVERTER
o ———

GENERAL CIRCUIT INFORMATION

The ADC-908 is an 8-bit analog-to-digital converter which
uses a successive approximation technique to convert an
unknown analog input into a digital code output. The control
logic inputs allow easy interface to most microprocessors
while three-state outputs allow direct connection to the data
bus. Most applications require only passive RC clock com-
ponents, a —10V reference, and a +5V power supply. The
RC-timed internal clock may be used, or an external clock
may be applied to the ADC to maximize performance.

When a Start Conversion command is applied to the CS or
RD inputs (see Operating Descriptions for details), BUSY
goes LOW indicating a conversion in progress. BUSY may be
used as an interrupt to halt the controlling microprocessor
during conversion or may be polled to prevent premature
data reads.

Starting with the most significant bit (MSB), each successive
bit in the DAC is turned on (see Figure 1). The comparator
then decides if the DAC output is Iess than or greater than the
signal being converted, and that bit is latched on or off,
respectively, before proceeding to the next lower bit and
repeating the cycle. When all eight bits have been tested,
BUSY goes HIGH, signaling a completed conversion.

Under control of the RD input, the three-state data outputs
(D0-D7) change from high-impedance to presenting the new
conversion results to the data bus. Following the data read,
RD returns HIGH resetting the SAR to 1000 0000 and prepar-
ing the ADC for its next conversion.

PIN FUNCTIONS

NOTE: For greater detail on digital input functions, consuit
Truth Tables and Timing Diagrams.

Pin 1. Vppo Power Supply input, +3V.

Pin 2. Vpep Voltage Reference input, nominat —10V.

Pin 3. Bors Bipolar Offset input. +10V input for bipolar
mode operation, tie to Viy for unipotar mode
operation.

Pin 4. Ay Analog Input. OV to +10V in unipolar mode,

—i0V to +10V in pipoiar moge.

FIGURE 1: D/A Converter Used in ADC-908

Pin 14. BUSY  Conversion status output. BUSY indicates
gonversion in progress by going LOW at
start of conversion and retuming HIGH at
end of conversion. May be used to interrupt
controlling microprocessor or to gate con-

trol inputs.

READ input. Used to read data (on falling
edge) and to reset converter (on rising
edge).

Chip Select input. Asserted to allow ADC
operation. Starts conversion when converter
is in reset condition. Note: Hoiding GS
HIGH wilt not prevent a rising edge on RD
from resetting the converter.

External clock input/internai clock RC tim-
ing input.

Pin 15. RD

Pin 16. CS

Pin 17. CLK

APPLICATIONS INFORMATION

The ADC-908 may be interfaced as if it were a static RAM, a
ROM, or a slow-memory device. Each of these interface
modes has its own timing and software requirements as
described below. These requirements must be rigidly met, as
improper timing may cause the ADC-908 to change ‘modes.

HOW TO CHOOSE AN OPERATING MODE

The static-RAM interface-mode offers advantages in a tightly
controlled hardware and software environment, where the
relationship between WRITE and READ instruction pairs is
certain. As long as minimum timing is satisfied, converted
data may be read at any convenient time after conversion.
The use of separate commands to start a conversion, and
then read the results, is conceptually easy. However, if the
software is subject to_uncontrolled modifications, then the
paired relationship between WRITE and READ instructions
may be lost. Resulting software bugs may result in converted
data of unknown age, or altogether invalid data being read.
By contrast, the ROM mode may be more resistant to software

bugs. As long as minimum timing is satisfied, each READ
ipstruction obtains new, valid data. However, since ths daia

| i
i fip
I

| Ms8 i
108N |(086) |(D8S)

Aws  Bors

R %m R
l
PO
L o o -
1
L \
1 LSB SUMMING l
HL ) JUNCTION COMPARATOR

[ SUCCESSIVE APPROXIMATION REGISTER

)

AGND
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ACC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-8IT A/D CONVERTER

output at any previous READ instruction is obtained from a
conversion performed just after the previous READ instruc-
tion, data may be out-of-date. To be sure of obtaining up-to~
date data, READ instructions may be coded in pairs (with
some NOPs between them); use only the data from the
second READ in each pair. The first READ starts the conver-
sion, acting as a substitute for the static-RAM mode WRITE
command; the second READ gets the resuits. The advantage
of the ROM mode is the use of a single command, rather than
the alternating READ-WRITE required by static-RAM mode.

The siow-memory mode is the simplest mode of all. It is
the method of choice where compact coding is essential,
or where software bugs are a hazard. In this mode, a single
READ instruction will initiate a data conversion, interrupt
the microprocessor until completion (WAIT states are intro-
duced), then read the results. If the system throughput
tolerates WAIT states, and the hardware is correct, then the
slow-memory mode is virtually immune to subsequent
software modifications.

OPERATING DESCRIPTION: STATIC-RAM MODE

In this mode, inpu@ is derived from the ADC-908 address
decoder, and input RD is derived from an active-LOW memory
READ signal. (See Figure 2.)

To start a conversion, execute a memory WRITE to the
ADC-908. The completed conversion data is obtained by
executing a memory READ to the ADC-908. During conver-
sion, output BUSY will be LOW. Do not attempt to read data
until BUSY returns HIGH. The required minimum time
between WRITE and READ is usually obtained by inciuding
one or more NOP or other program instructions. The use of
branch or conditional commands between the WRITE and
READ instructions is not recommended due to the possibility
of software bugs. B

it is important that the WRITE and READ commands be
alternately executed. A WRITE instruction has no effect uniess
the resuits of the previous WRITE have aiready been read.
Once data has been read, the ADC-908 is internally reset. in
other words, two or more READ operations cannot be used in

FIGURE 2: Static RAM Mode Timing Diagram

succession, since only the first READ will produce valid data.
A new conversion must be started using WRITE, and the
conversion must be completed, before a new READ will
produce valid data.

TABLE 1: Truth Table, Static RAM Mode

ae U et Daro o, ADC-808 OPERATION
L H H HIGHZ s(t‘j‘v':“g"c';;’;';)
L} H H'g:;i ' Read Data (Read Cycle)
L _}— H E:g:'_tg Reset Converter
(No>t(e ;) X HIGHZ No Etfect (Not Selected)
L H L HIGH-Z N(%Er?veecrtter Busy)
L k2 L HIGH-Z N(%Sr:fveecrtter Busy)
ny b Moz Sevemen Sror

NOTE 1: if RD goes LOW to HIGH, the ADC is intemally reset. regardtess of
the states of CS or BUSY,

OPERATING DESCRIPTION: ROM MODE

In ROM mode, input CS is tied LOW, and input RO is derived
from the ADC-808 address decoder. To satisfy timing, it is
recommended that the decoder be enabled by a system
MEMRD (8080), VMA (6800), or similar strobe. (See Figure 3.)

In ROM mode, data is read by executing a READ instruction
to the ADC-808 address. At the conclusion of the READ
instruction, the ADC-908 automatically resets itself and then
proceeds to perform a new data conversion. Qutput BUSY is
LOW during conversion. A new READ instruction to the
ADC-908 must not be executed until BUSY returns HIGH.

ey I MEMORY WATE O O O En e TALCTIONS MEMOAY READ ] MEMORY WRITE
'a_? tes
T3 pme / N m<

F~tesa r— lancs ﬂ
AD (PIN 13} -4[ q.k 7'{

i twscs | p— tconvent neser

8USY (PN 14) J§ 5‘§
carn . taag

NOTE: tna0 TIMING MEASURED AT -2.4V ANO +0.8V POINTS
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ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-8IT A/D CONVERTER

This requirement may be met by inserting NOP or other
program instructions between consecutive READ operations.
Conditional or branch instructions may be used, but keep in
mind that data may become out-of-date if excessive time
elapses between consecutive READ instructions.

TABLE 2: Truth Table, ROM Mode

microprocessor into WAIT states during data: conversion,

In slow-memary mode. inputs CS and RD are tied together.
The common RD and CS signal is derived from the ADC-g03
address decoder. To satisfy the timing requirements, it is
advisable to latch the address using ALE (808S) or SYNC
(8080). For 8080 or 8085-based systems, connect the micrg-
processor READY input to the ADC-908 BUSY output. (See

INPUTS _ QUTPUTS g Figure 4.)
s R0 BUSY DB7-DBO ADC-308 OPERATION . - - ] y o
TABLE 3: Truth Table, Slow-Memo ode
L 1 n HIGH-Z10 oo i Data ~ —
DATA INPUTS QUTPUTS
TS & RO BUSY DB7-pBo  ADC-908 OPERATION
L ! 1 DATA to  Reset and Start
- HIGH-Z  New Conversion H H HIGH-Z  No Effect (Not Selected)
No Effect - .
L L L HIGHZ (Convertec Busy) 1 | HIGH-Z Start Conversion
i Conversion Error Conversion in Pro
) " gress,
(Nate 1) HIGH-Z "yt Allowed L L HIGHZ o WAIT State
NOTE 1: If RD goes LOW to HIGH, the ADC is internally reset, regardless of L HIGH-Z to Conversion Complete.
the states ot CS or BUSY. DATA Read Data
op DESCRIPTION: SLOW-MEMORY MODE Iy DATA to  Reset and Deselect
ERATING S N - H HIGH-Z Converter

The slow-memory mode is intended for systems in which the
ADC-908 BUSY output is used as an interrupt to force the

FIGURE 3: ROM Mode Timing Diagram (CS Held LOW)

MICROPROCESSOR

OPERATION MEMORY READ

NOP OR OTHER INSTAUCTIONS

MEMORY READ

|
%
|

i

i

RO (PN 18) \' f

BUSY (PIN t4)

L‘hm"‘
087 To DBG /11727,
(PINS 8 —17) // MOHE

LS,

DATA

;‘— ‘wero —1=—— lcomvenr —1=asa -
I
|
i

]
i X /
Lhw""}

|

|

Leae twrgen

!

[ fean

b tapeg

OATA

NOTE: tasg TIMING MEASURED AT ~2.4V AND ~0.8V POINTS

FIGURE 4: Slow-Memory Mode Timing Diagram (CS and RD Tied Together)

OevICE
COMPLETES

up |
1
MEMOAY READ |

cevice | WEMORY READ
M Ll
"cRoPS :&isfslg: NOT (4P 1N WAIT STATE
SELECTED WHILE BUSY 1S LOW)
&3 AND AD

{PINS 1S AND 18)

T

i
BUST(PIN 14)

} +
~—tegro =" convenT

—=

o tnag =t

087 TO D8O .-
(PINS§—13) . .

NOTE: tagg TIMING MEASURED AT ~2.4V AND +0.8V POINTS
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ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-8BIT A/D CONVERTER

Do not execute a WRITE instruction at the ADC-908 address
when in slow-memory mode, since bus conflicts will arise. In
some archutectures, an accidental WRITE instruction may be
locked out in hardware, by proper strobing of the ADC-808
address decoder.

INITIALIZATION

In all operating modes, the ADC-908 is initiatized by executing
a READ instruction to the ADC-908 address. The data
obtained should be ignored.

CLOCK OSCILLATOR

The ADC-908 may be used with its internal asynchronous
clock oscillator. An external resistor and capacitor are
required. Typical values are R = 43k and C = 100pF, for
conversion times in the 6us range. For applications in which
the fastest conversion times are required, an external clock is
recommended. The external clock must be gated by the use
of a 74125-type three-state buffer, with an output pullup
resistor. Optimum conversion accuracy is obtained when Cs
goes LOW on a positive clock edge. The maximum external
clock frequency is 1.35MHz (See Figure 5 and 6.)

REFERENCE VOLTAGE

A negative reference voltage must be applied to the ADC-908
Vrer input. Optimum full-scale accuracy is obtained using
—10.00V, aithough Vggs may be —5.00V, —10.24V, or other
voltages within its specified range.

Over the full temperature range, optimum gain accuracy is
obtained when the input to the Vpes pin is from a low-
impedance source. A resistor or trimmer may be used in
series with the Vggr pin, but this trim technique is not as
accurate as a low-impedance source. (Ses Figure 7.)

FIGURE 7: Unipolar Operation

For a cost-effective —10.00V or —10.24V reference with excel-
lent accuracy and'low temperature coefficient, ask for PMI's
REF-08. Consult your sales representative for availability.

FIGURE 5: Using the Internal Clock Oscillator

]—' Voo OGNO S _L
ADC-%08 TCax oano

Rew

cux L VWA

FIGURE 6: Using an External Clock

$re
000

_:&l_ o EXTERNAL
CLOCK IN

THREE-STATE SUFFER
(Ve MC125)

¥
Ly

Voo

(=2 3
ADC-508

ausy

-1Z¢ TO ~1av
1
114 -5V Voo 18
-10.000v N _L
N Ve {Vegr =

2T
REF-08 s
2 a1 OIGITAL
REF TRIM % o ADC-508 GRAOUND
SNO ] 3

s Bors

J 2

GAIN TRIM
4

ov TO -0V O—WC-‘— A

%0
ANALOG INPUT ¢y — acno

H I GROUND INTERTIE

|
ANALOG
GROUND
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ADC-908 CMOS MICROPROCESSQR-COMPATIBLE FAST 8-8IT A/D CONVERTER

ANALOG INPUT VOLTAGE

The ADC-908 unipolar operation is obtained when the analog
input voltage is between OV and |Vrer|. With the Ay and Bgeg
pins tied together, input OV wilf correspond to code 0000 000Q,
and input full-scale will correspond to code 1111 1111,

Bipolar operation is obtained by using the Bogg input to offset
the Ay input voltage. For exarfiple, with Vgge = —10V, an off-
set voltage of +10V may be applied to 8ors. The analog
signal range will then be —10V to +10V at Ap. Code
0000 0000 will correspond to —10V, and positive full scale will
be code 1111 1111, Calibration may be performed using
trimmers in series with Ay and Bggs. (See Figure 8).

Another method of obtaining bipolar operation is to use an
op-amp with gain = —1/2, to sum the analog signal with the
reference voitage. With a —10V reference and —10V to +10V
analog signal, the op amp output will then be 0V to +10V. This
signal is then treated as an ordinary unipolar input to the
ADC-808. With this arrangement, input +-10V corresponds to
code 0000 0000, and negative full-scale corresponds to
code 1111 1111,

UNIPOLAR BINARY OPERATION

Figure 7 shows the analog circuit connections for unipoiar
operation. The REF-08 supplies the necessary —10V reference
input.

Calibration for offset should be made before gain calibration is
attempted.

Offset calibration must be performed in the signal conditioning
circuitry which drives the A\ input.

To adjust offset:

1) Apply —38.1mV (1 LSB) to the input of the butfer amplifier
driving An.

2) While pertorming continuous conversions, adjust the buffer
ampiifier's offset adjustment potentiometer until DB7 to OB¥
are LOW and DBO (L.SB) flickers.

Following offset calibration, full scale gain can be calibrated:
1) Apply —9.861V to the input of the buffer amplifier.

FIGURE 8: Offset Binary Operation

2) While performing continuous conversions, adjust the ref-
erence trim pot until DB7 to'0B1 are HIGH, and OBQ (LsB)
flickers.

BIPOLAR OPERATION

Offset Binary—figure 8 shows a circuit for offset binary bipolar
operation. Offset correction shouid be made at the buffer
amplifier driving Ay. Gain error correction should be ac.
complished by adjusting Vgeg.

To calibrate this circuit:

1) Adjust R1 until Vpge = —10.00V.

2) Adjust R2 and R3 to their mid-points.

3) Apply +10.000V to the input buffer amplifier.

4) While performing continuous conversions, adjust R2 unti|
DB7 to DB1 are LOW and DBO (LSB) flickers.

5) Ground the input of the input buffer circuit.

6) While performing continuous conversions, adjust R3 until
the ADC's output code flickers between 0111 1111 and
1000 0000.

7} Apply —10.000V to the signal input.

8) While performing continuous conversions, adjust R1 until
087 to DB1 are LOW and the DBO {LSB) flickers.

9) Apply +9.922V to the signai input.

10) If the ADC output code is not 1111 1110 =1 bit, repeat the
calibration procedure, omitting step 1.

Complementary Offset Binary—Figure 9 shows a comple-
mentary offset binary circuit. [n this bipotar mode, the +10V to
—10V analog input is conditioned to a 0 to +10V signal range for
normal unipotar conversion.

In calibrating this circuit,*adjust offset before gain.

Offset Adjustment:

1) Adjust R1 until Vgeg = —10.000V.

2) Adjust R3 to its mid-point.

3) Adjust R2 until its tap is at OV.

4) Ground the analog input.

5) While performing continuous conversions, adjust R2 until
the ADC output flickers between 0111 1111 and 1000 0000.

BIPOLAR OPERATION TRANSFER CHARACTERISTIC
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ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-8IT A/D CONVERTER

Gain Adjustment:

1) Apply +9.922V across the analog input.

2) while performing continuous conversions, adjust R3 until
D87 to DB1 are HIGH and DBO (LSB) flickers.

DIGITAL CONSIDERATIONS
controt Timing—Fresh data from a recent conversion must be
read before beginning a new conversion. Following the data
READ, as RD goes HIGH, it resets the SAR and clears the data
from the previous conversion.

The timing restrictions detailed in the interface timing diagrams
must be observed to prevent the ADC-908 from changing inter-
face modes. For example, if CS is held LOW too long while in
RAM mode, the converter will change to ROM mode and initiate
a new conversion.

Logic Deglitching-~Unrelated activity on the address bus may
cause unexpected glitch inputs to the ADC. The glitches may
cause unwanted READs, resets, or conversions. in ROM or
RAM modes, these may be avoided by gating the address
decode logic with RD or WR (8080) or VMA (6800). In siow-
memory mode, ALE (8085) or SYNC (8080) may be used to
latch the address.

initialization—Folic ¥ing power-up, the SAR is in an unknown
state. Executing a memory READ (disregard the data) will reset
the ADC.

ANALOG CONSIDERATIONS
Analog Input Impedances—Low impedance sources must be
used to drive the Vpgr, Ay, and Bogg inputs. Excessive source

FIGURE 9: Complementary Offset Bipolar Operation

impedances may cause errors due to the loading effects of the
inputs’ finite impedances.

Ground Management—AGND and DGND pins should be
connected at or near the ADC to minimize noise effects. If the
two grounds cannot be connected near the ADC, the grounds
should be clamped with back-to-back Schottky diodes between
the AGND and DGND pins.

Oftset Correction—Conversion offset errors may be corrected
by counter-offsetting the buffer amplifier driving Apy. This
offsetcorrection may be accomplished by applying a correction
current to the buffer's summing junction or by tapping a voitage
divider sitting between Vpp and Vgeg, and applying this tap
voltage to the noninverting input of the buffer.

Ratlometric Operation—The R-2R type DAC in the ADC-808
permits ratiometric operation of the ADC. Performance de-
gradation may, however, occur as Vpgg varies from —10.000V.
This decrease in performance is due to comparator limitations
including offset-voltage, gain, and input noise.

The ADC-908 uses the reference as a power supply for the
comparator to increase speed and accuracy. Reference voitages
of a magnitude less than —9V must be avoided for accurate
comparator operation. For best accuracy, the use of a 0.1uF
bypass capacitor from Vger(Pin 2 to AGND) is recommended.

Power Supply Bypassing—For best accuracy, VQD".(Pin 1)
should be bypassed to AGND with a 0.1uF capacitor.

APOLAR OPERATION TRANSFER CHARACTERISTIC
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