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ABSTRACT

This thesis presents speech coding by using vector quantization and FPGAs devices

SAENGKHUNNATHAM
CHUENCHOM
BOONPRASERT
PUNYO

MANO
SOMHA
TONGRA-AR

Speech coding circuit uses standard vector quantization method and it is désigned by schematic

Software, View Logic. It is implement at real time by FPGAs devices 4003A and 4005A

Finally. It uses to code speech at bandwidth 4 kHz in order to test. It can give a lower bit-rate

at 9600 bps. and the quality of specch is satisfied.
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a1dudoaty EPLD @dui EPLD Tusunswaquu EPROM mglu wazawnse
TusunsyinylRudmnir ldavdouasgansillemn uadwiu FPGAs :Tsunsy
asvuanaanusymeludodeyafiogaouen uazansalusunsuimildlasmisSiaa
Frodyaaiiennmin FPGas fulssndandenuuazinnugesiifinnalng
G inainng) 1dende
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2.6.1 Tassaiamaly
Ad”ﬁ a o a ¢ d av &t ~ o 9 Y o a o
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Tumisndi 2.2 msfidetvenvavedressaiudnunamsize 185 vuaves 29

251 ldsenuuy Bamnsa TUsunsuaiuuessan FPGAs lanse 1

[] 1 4
MIRAN 2.1 MITVINAYBANATUF IV

(NAIINR2 M116941n@ NAND2 158ine NOR2)

Gate Equivalent gate count Gate Equivalent gate
count
INV 1 RS Latch 3
NAIINR2 1 D Latch 4
NA/NR3 2 D Latch with CLR 5
NAIINR4 2 D Latch with PRE 5
NA}INRé S DLatch with PRE/CLR 6
NAIINRS 6 DEF 6
NAIINR9 A DEF with CLR 7
NAIINR12 8 DEF with PRE 7
NAIINR16 11 DEF with PRE/CLR 8
BUFF 2 JKFF 9
ANIIOR2 2 JKFF with CLR 12
ANIIOR3 2 JKFF with PRE/CLR 13
ANIIOR4 3 TFF with CLR 8
XOR2 3 TEF with PRE 8
XNOR2 3 TEF with PRE/CLR 9

FPGAs  Hlassasunwlulndifvvivamilasnssuveunneusdinn  aunse
Tsunsuuazauessitlsenoy (Configuration) ALARNLTY (Static RAM) noln1dTaold
sz Tth FommsTlsunsuldTasisdoyagudunnuneinaouen 194 Parallel
EPROM 138 Serial PROM A1 EPLD PAL fifl EPROM ogluda mulu FPGAs 1:9@

Souiluasdnwadousounousndiudunamiara  FPGAs  vsdaissuiiuaesn
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a s { a a d
IadousaUMUUBNAIBUNAIIANAIYA FPGAs fausniingalagladenfe XC2064
Y a o . [T o :
(2000 Family)UsznoudioaSsesnuluuaing (Matrix) (dus1ou 64 18 nawiniu
o ~ s/ o 9 dy o v 4;
waaaszna 3000 taz 4000 fiTassadredudeuduaunsoussginnuinaldgauashiu

ufay 1 waseand1 CLB (Configuration Logic Block)

A13190 2.2 QUANTAYI FPGAs ATENAAN 9

FPGAs Appr. Gate | Max1/Os Flip-Flop Ram bits Available
Count CLBs

XC2064 1,000 58 122 0 64
XC2018 1.500 74 174 0 100
XC3020/3120 1,800 64 256 0 64
XC3030/3130 2,700 80 360 0 100
XC3042/3142 3,700 96 480 0 144
XC3064/3164 5,500 120 688 0 224
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
XC4003H 3,000 160 200 3,200 100
XC4004A 4,000 960 480 4,608 144
XC4005/4005A 5,000 122 616 6,272 196
XC4005H 5,000 192 392 6,272 196
XC4006 6,000 128 768 8,192 256
XC4008 8,000 144 936 10,3687 324
XC4010 10,000 160 1,120 12,800 400
XC4010D 10,000 160 1,120 0 400
XC4013 13,000 192 1,536 18,432 576
XC4025 25,000 256 2,560 32,768 1,024
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2.6.2 auiussnilszneuvesasdn (CONFIGURABLE LOGIC BLOCKS)

PV @ o A J P :,’

CLB 92305 efuunuuuas aduuueisdvuia M*N mseonuuuiuains

18 Taemssaie cLB dedaiu mansada CLB Iiiyeunaneniuldlasnisiile
wSoTusunsufieivayu FrGas Ml TavdaluiaTas3Tveuiues dmiuivdnlden

v

L] 1 L] A 1]
Tsunsumarilisnsena Tda1ase319 (Configuration file) 921359 In5e5 110 U0
= 4 ’ b

cLB auanuinzay ludndminInd TnsesraiuesduIvdnszuadeya (Bitstrem)
é ] o
geenusoldlUsunsuvulonusneluves FPGAs (Internal FPGAs configuration

memory) 18 @3 u3Uuaas CLB Y03 FPGAs @320a 4000 aAdfag1/i 2.13

a J
2.6.3 TIUDUNANAZIDINKYA (1/O Block)
o = o & 4 '
U 9 UONVBI FPGAs 9:1/52nouaay I0Bs Y5z 64 03 144 @139y
é o g ' ' o ~a

AT¢0aU0Y FPGAs 43 10Bs ilSlﬂuﬂﬂl%ﬂUﬂﬂiZﬁ'l']\]ﬂ1ﬂ1uﬂllﬂ'lﬂu'f)ﬂ‘U't’N'Nﬂiﬁ'ﬂﬂﬂ‘UEN

[ o o a Yo a A o
FPGAs dn¥aizwed I0Bs velidnuaiz 2 Niam awnsalsunsuliidludunanioma

wan 1@ d1mugUT 2.2 1ane I0Bs Y83 FPGAs A3Na 4000

2.6.4 SNALBIANTTITIY

FPGAs @150 TAvawgiyy (Mode) Tﬂuﬁmuﬂ"ﬁﬁmﬁmmm MO Ml
tar M2 dananalumsai 2.3 Tuuunaaeswisusa (Master Parallel) SuTasunsy
aouflnfiaz 1 Ml (Byre) smmitsanusnveniifuiuuuiu Tasasesy
Tusunsunoudn (Config) 91NAUNUL (Address) v'}m?aqafiauﬁ"lﬁ Huumesiesa
(Peripheral) $u TUsunsuneufafias 1 Tuvion lulasTswaaes Tavamnsaldnounu
T8 mdomie hindoufivzsudoyade U uvvaiad (Siave) suTdsunsunoudln  flas
1 fanntulns Tsrawesawdyanuduya cCLK duluwuuinanesdisva(Master
Serial) TuTsunsunouinfiaz 1 ia namissanuimnmovenfidhuuveynsy

snamudosmsadnhiidns e i Tuunisdeldanrta 5 wunsad
foe 2 npuoifufimnzay fe nmaessGauuy (Master Serial Mode) tazatan
FEvaunY (Slave Serial Mode) @31 lu nataeimsusauuudeels EPROM 27Cxxx $9
Aunssuennandl PROM XCl7ox  tinzlumsnageudunuudeudionsesdunuy
e IdgndeandaSaiimssaTusunsuas PROM Snfivitumwsiziilunuy wissa

EPROM aisa Tusunsu ldlnuaady PrRoM fildsunsu ldnsuden
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M5199 2.3 Junudn q veamsimuassdlszneulumsiau

MO | M1 | M2 CLK MODE DATA
0 0 0 output Master Serial Bit Serial
0 0 1 output Master Parallel Byte Wide Addr.=0000 up
0 1 0 | = reserved | s
0 1 I output Master Parallel Byte WideAdd.=FFFF down
1 0 0 e reserved | e
1 0 1 output Peripheral Byte Wide
1 1 R reserved , VOO -
1 1 1 input Slave Serial Bit Serial

a5 1901 FPGAs lunvvaavSva oSy Iidda FPGAs

NN

IAR03 (Clear) MR 19 IuABUNA (Configuration Memory) @598 UHLUNT

v

msneuinuuulalumsnd 23 (JunuueynsumSevum) ndwmiveniniimsg

Tusunsunpuiln dyaat DONE/PROGRAM 11U %07 (8¢ lusznanTlusunsy) uazdio

tY Ao o ' o a
ﬁ!ﬂgaeluﬂ'ﬁﬂﬂuWﬂﬂi'Ull"l%'lﬂﬂTﬂuﬂﬂlﬂU“U')UﬂQTUQT“‘lﬂuﬂ‘]?ﬂﬂ“ﬂﬂua:ﬂ'nll(l'n

yosdoyansetuidauianouiindyaiu DONE/PROGRAM (i «17 (Tsunsuneuiin

@¥odu) 31 2.15 Usznew
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All User /0 Pin 3 Stated with High Imjpedance Puil-Up #DT=High
< 1 DX=low

INT Output = Low

Intialization
Power-On
Time Delay

PWRDWN
Active RESET Inactive

Clear
Configurtion
n
memory

onfiguratio
Programe
Mode

Low on DONE/PROGRAMandRESET

@ o

511 2.15 dadgau lumsaouindes ulloumasis idr leFuaznms TsunsuIna

MsIsusuuaanisua (Slave Serial)
msAelFrnuuui Mz auiuaes fosnuuuu e iU Ay Ty Tns
ﬂauﬁ'zmas“agué'wfu“ivzwswz FPGAs I8 1¥anuannsaveslulnsneuiunes lumsiiu
wazdedoyanouiinld fvadeudouTusunsufiodsTusunsuneuilntiiy dnvas
msdaiuuvm’fxi‘luﬁqgﬂﬁ 2.18 éﬂuuuuﬁv'lu?nmauﬁamafﬂ:ﬁiyqu,ltywmlﬁamﬂh
aoutln¥nugilnsal FPGAs mistlouTusunsunoudnid FPGas ld Tavredyana

Strobe 191UV CCLK uarwesa DO iy DIN a3 ndyaraudniiewdinn

ccLK uaztlouldsunsunoudnuuveynsudiivl DIN dwwugtly 51U 2.17

-5V
_]_J_o'._' OPTIONAL
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SWITCH(DIP.SW) NAME POSITION

1 PWR X

2 MPE OFF
3 SPE ~ ON
4 Mo OFF
5 Ml OFF
6 M2 OFF
7 RST X

8 INIT OFF

v
o o a  d

M3 4.2 MINANAINTA199 veuesaTnsdnsiardea

SWITCH - NAME POSITION

1 INP X

- MPE OFF

3 SPE ON

4 MO OFF

5 Ml OFF

6 _ M2 OFF

7 . MCLK OFF

8 DOUT OFF
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ADC-908
CMOS MICROPROCESSOR-COMPATIBLE
FAST 8-BIT A/D CONVERTER

FEATURES

£-Rit Resolution and Accuracy

Ho Rlissing Coudes over Full Temperature Range
61s Conversion Time

Flexible uP Intciiace

2.5mA Maximum Standhy Cinirent

Replaces AD7574 with Improved Speed
Avaiiable in Dic Fotm

® 8 & 5 8 8

ORDERING INFTORMAYION !
PACKAGE: 13-PIN DIF AND SO

EXTLUDED
MILITARY* DUSTRIAL COMMERGIAL

INL ONL  TEMPERATURE  TEMPLNATURE  TEMP{RANINE
LSOy (LSB) -55C104+125C -20CTO+85C  0CiQ+70C
21.2 224 ADCE08AX ANCIOBEX ADCoRIGE
224 .78 ADC08BY AR X

234 N g ALLEIBP

3 Pl ] - ADCIURT 5 =

¥ Fovdances prnrecsedintotal compligace 'c IL-STD 883, add AP aftreg vt
nurber Cansy * tziary lor 893 data sheet
t Buen inis avadatte on commarcial and industial temperatire racge part- m

operations, This input structire peraits the ARC-908 1o be
used as a memory-mapped nput device. Depending on the
contral tining wavetorms, the ADC 908 is interfaced like
static FIAD Prohd o Slow memery

e ARC-20% s deived from a
o relorence veitage inust also be
supplied Optimgm accacy = aclueced vhien the relerence
10,00V vt o e ance. Far a low-cost
10V 15 2.0V geic e, ask yomr FMI sales repre-

The low pove =~ st

single +5Y suppy A negnb

s M OOt e
PCCision
santative aboet the 110703,

With 1S on-boeatd compaston nterface Ingie, eplional intomal
ciocl, and - BV opeanoa, thi: ADC Q08 i the deal tow-cost
sotution (ot mictoptacessor-hased 8 bt A0 systems.,

'35 ADC 208 14 (ua andg faogtion compatible witls the
CRETHIA, bul offcrs Lydes Congeroon tane and faster meein)
Processor bas fnteraee finveg Conyergion e has boean
tordig e by €47 et o vt Loyt i peciticatione, inthidu g
data access ltime, START oo peopagation detay
ttan). dnd seset e, Tevea fo e oy,

Pt CONNECTIONS

Ce1ltP. plastic DIP, and 10-can packages. For orderng informaton, see o\ 1 - - . .
P s Data Book, Section 2, 5 5 p 1
GENERAL DESCRIPTION i DN g
Veer L] )k 18-FiN CERDIP
The ADC-98 rs a monolithic C’\C&S successive-approxima- ors (3] “led (X-Suffix)
tion analog-to-digital converter. en uysed with a 135Mi{> A )#n
clock. a corversion time of 6us is actreved, with full accuracy auno (3 LT 13-9'";’;2'3“139 Dp
over the operating temperature range. osr(wsey (& ] ons cumy (P- R
The ADC-208 outputs use 3-state logic, allowing direct con- o (3] lome 'B‘Sp;" '?o"
nection to the data bus or system input port. Active-LOW chip oes [z ‘_'J g (S-Sutlix)
select (CS) and read/write (RD) inputs are used 1o control ail Ol He
FUNCTIONAL DIAGRAM
Yoo i
1
a O AAA - oS
cowr sen Botiifed i L1)
Son s O—t——ANA—4 . — MUY
N
— oac
{ IN
Vnes O THREE STATE )on‘ oyt
D O—il BUTIAS bno-0n?
% L

oGHO
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ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT A/D CONVERTER

ABSOLUTE MAXIMUM RATINGS (T, = +25°C, unless Storage Temperature —65°C to +15G°C
ctherwise noted) Lead Temperature {Soldering, 10 sec) .... ... +300°C
V 010 AGND .. « OV 470V PACKAGE TYPE 6,, (Note 2) ' UTS
Vo 10 DGND .. . OV, +7.0V

AGND to DGND 18-Pin Hermelic DIP (X) 79 11 *CwW
€S, RD 10 DGND. 18-Pin Plastic DIP (P) 70 30 “CIw
b8, -06, to DGHD .o rereree it rae e 0.3 _18-Pin SOL (S) 88 25 “CAv
CLK BUSY to DGND HOTES:

1. Digdtat pins are zener protected. Howaver, proper ESD hanaling precautions
are recommended

BO: S'Al

VPEF . 2. @, 15 speafed tor worst case mounting conditions, i.e., 6 is specified for
Opesating Tcmpefam“‘ Hange dowice w sucket tor TO, CerDIP, P-DIP, and LCC packagus 4, is spucitied
ADC-90BAX, BX .. s eeere et e v 855°C 10 +125°C tor duvicy soldered 10 printed circuit board 1or SO and PLCC oau\agas
ADC-9UBEX, FX, FP FS .. —-40°C to +85°C
ADC-308GP 0°Cto +70C

ELECTRICAL CHARACTERISTICS atV, = 15V, V, . = ~10V, Unipolar Contguration, R, = 43kQ, Cgy i = 100pF; -40°C <
T, s 185<Cfor ADC-S0BEF, 0°C s T, = +70°C for ADC-508G, -55°C = T, s +125°C tor ADC-S08A/B, unless otherwise noted.

ADC-308
PARAMETER SYMOOL CONDITIONS MIN ve MAX UNITS
ACCURACY
Hesoution N 8 - - Bits
Integral INL AEIG Grades -1 - « 12 LSB
rommneanty 8/ Grages -33 - +3/4
o R / .
Outficeet ot AJEIG Grades 3’4 +3/4 Lsh
Nrmhneauly f 81 Grages -7/8 - «7/8
AEG Grodes 1, = «+25°C -3 +3
Y, - FukTempRa vy -45 - 45
Lo € o A
Cuen Lrvor e Wi Grades 1, - -25'C -5 - .5 158
A.G‘ultTar'm‘vN:-Qs 69 - +€5
ALIG uradcs T, =25C ~30 - +30
T, ztull Yempﬂdg- ~50 - +50
Hi.ea taror v,. ‘ m\v
Ottuer e s BF Giades T, « +25°C -60 - +60
‘IAJJYenq,H.mF -80 - +80
A11AaL GG INPUTS
fRaciclisice Msnanch .
at,, -1 - .1 %
BiykeAy
Input Resiutance
put Hes . 5 - 15 0
alV,, ¢ (Hoto 1}
m; .l Heststance “-\.r s 0 _ 30 2
A ]
11} - ife
‘Jo‘mge ﬂan,u V. Speciting ('mve:s-m AT AL / - -10 - v
fie |»mme Vatage Ran e AT Cugr sded Convorsivi ALlu ey -5 - -15 b
teeq o -
Reterance Currunt t Convecion Gomptute Proe 1o Rutet - - 24 mA
(ot + 6 ol
Noumunatl Araiog
tnput Rango
Urupotar Mode Yoy - OoelNed - v

Bipciar Mode vmu - Vet 4 -
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ADC-208 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT A/D CONVERTER

ELECTRICAL CHARACTERISTICS
ST,S +85°C {or ADC-Q08F/F, 0°C < TA <
Continued

B Vi, = +8V Vi r = - 10V, Unipolar Conliguratinn, nﬂ = A3KLY, ch = 100pF; -40°C

+70°C {for ADC-908G, -55°C < T/\ % +125°C tor ADC-80BA/M, unlass otherwise noled,

ADC-908
F.’-ﬂ:'\ﬁ'EY(;ﬂ.--“_w o * s E'-—\'MU(EL CORNDITIONS R M 1yp MAX UNITS
LOGIC INPUTS
Input HIGH Vollage
P L ¢ Vit T4 - v
0, CS Inputs
input LOW Voltage v
B, €8 nputs N oo v
nput Cuirent \ T, - 15C _ .
RD. €5 tnputs , " 14 futt lemp Range . . 10 nh
Input Capacitanc
e o - 5
D, C3 inputs 1 Jote 6) Cua ‘ o
[ MIGH Vo
nput HIGH Vdlhiage, Vis =% v
Clock input
inpret LOW Voltage, § na v
Clock Input n
ingwt HIGH Current,
fona ° - A
Cioch trput
Inpst LW Current, - 1. 120°¢ 1 .
Clock Input i 1, Full Temp Hanan 0 b
LOGIC OUTPUTS
Qutput HIGH Voltage
BUSY ¢ Vou sounce 40uA 49 - v
Output LOW Voliage
BUSY. 0B0-7 Vou fsmvg 1 6mA 3 o4 v
Floating Leavage i T, 7 125°C 1 A
Current, DBO- e T, 7 Full Temp Rangs 0 !
Floating State
C, Note 6 : 3
Qutput Capacitance 08 Qote f) p
POWER REQUIREMENTS
Standby Cutrent oo 25 onh
DIGITAL INTERFACE TIMING
— T, = 125" -
CS Minimum r‘ i 725 G !;O)
. Puise Width (Note 6) tes e S - s
Ta = 1:‘1"." . A I 0 -
AD 10 CS ' 0 ns
Setup Time (Note 6) wscs
8U5SY Load 204
1, 425°C 120
5 10 AUSY T Tom - o
Fropagation 1 _Ta = Thoax - ) 150 na
Detay (Note &1 cern BUSY Lona  100pT
v T, 475°C - 150
Ta ™ Toam - 120
Ta = Tuax - - 200
BUSY 10 D
tasn o ne
Setup Time (Notes 2. 6)
BUSY 10 CS
fuscs 0 - - ns

Setup Time (Note 6)

¥
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ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT A/D CONVERTER

SLECTRICAL CHARACTERISTICS at V= +5V, Vpg,

=-10V,

Unipolar Conliguration, R =43k, G, = 100pF; —40°C

CLK

11, $+85°C for ADC-908E/F, 0°C < T, < +70°C for ADC-S08G, -55°C < T, < +125°C for ADC-908A/B, unless otherwise noted.

Continued
ADC-908
PARARMIEVER SYMBOL CONDITIONS N TYP MAX UNITS
C, = 20pF
Ta — t25°C - —_ 140
Ta = T - —_ 100
Data Accuss Tume . Ta = Tyax - — 200
(Nme 6) HAD C, = 100pF ns
Ty = +25°C - - 170
Ta * Taan - - 150
Ta = Tgax = - 230
Oata Hote T Ta - 128°C (Mote 3) 30 — 100
l:::xe.‘:! c)‘“" Yo Ta * T 20 . h 70 s
- ' - & Ta = Tax o\ 7~ 40 - 140
- Tp = 425% - — 200
5 10 AL Holg o K
s Ta = Tum - - 120 ns
Tune (RO L) g
—_ - P S A TA i ’MAX W 4 g - 250 ———
TR SYTTY N Ta 125°C 350 R - N
£
Requrerment (Note 6) HLSES Ta - Fult Temp. Range 500 - -
N esion T Statuic RAM Mode
! Nl
":"‘:’ ") o Time External Clock
ote - {= 135MHz 2 . 6 s
Motes 4. 5. 6 AOM Mody
es 4, 5,
! Internal Clock — > 7
KD MIGH 16 BSY C, = 20pF
Frupagation De:lay, . Ta = 125°C ¥ — 600
(NTEVIEN 0 Ta = T — - 400 s
Stes 2 S 6 Ta = Vypas T = 800
ROTES:
Ut optiman, g ACTuracy Ovet lin full tumputatute ratige, e source 4 Wlar newy te ADGC-908 i i actual une depenas
Hontat o of faie 2 SNSUT Loy bept tow 4 Chm s ettt AND CAPUCILOr aS well a3 temperutuie
T WM Gt M Lan 4o LOW pror Le B8013Y - 1G11, but must not totaen S RV mitelaie 1008 CONVArSOn Limes are typscatly tus longer than
Seoakt untl LULY - HiEGUH Cortarinen b ws £ OIher Mvdes, but e FOM 1N18taCe MOk NChOes an
3 Oulput loagng WRF, A 3K pullip eas1s10 10 5V 1S used 1or Vi, 10 High-2, BlCMatC reset 1 the conversion ime
tor ¥, s dugte £ @ 3hE pulldown 10 GRO 13 uzoa Measured to 05V 6  Guatantees but not testad.

OAL ¢ Lar e

SURN-IN CIRCIIT

1 1
"8 ——af Vo0  DGHO e l_
7 u W
Y ] Yug cin
) 16 180
Uiy cs
B _E 1y 828
Ao AL
s 1o Sait
ALNT BUSY AAAy
[ 1 weld
VWA~ onr (119 ANA
e v W
VWA (£71 De AAN
Melis o 1 Mt
M LY ce2 MA
L] w W
VA 'Y o83 ARA
=

v
ov

”””” 15Gh hae
I I I l o datig

v
ov
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ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT A/D CONVERTER

DICE CHARACTERISTICS

Wﬂﬂﬂﬂhﬂfd Wﬂlmﬂm Wﬂmﬂl’:« Al A
ooTn F‘;’L&iw <1 ﬁq"

wt;-kvr

=13

T G med D ._:_
et R
&@L’&ﬂlﬂm imw FF.E!:‘ 1’1"“&..9 '.I"

DIE SIZE 0.129 X 0.103 Inch, 13,287 sq snits
(3.28 X 2.62 mm, 8.58 sq. mm)

WAFER TEST LIMITS at Vg = 48V, Vrgr

Ea.unmm;ua%mmm’smr_gm

el

£}

= Sl
=
bl ] bt oA Ty st [

DOV, AGHD - DGND

1. Voo 10. DB3

2. Vagr 1. DB2

3. Borg 12. DAY

4. Ay 13, DBO(LSB)
5. AGND 14. BUSY

6. DOT(MSH) 15. RD

7. OB6 16. CS

8. DA 17, CLK

9. DAY 18. DGND

For additionat ICE ardering Infromation, refer
10 MAl's Data Book, Soclon 2,

PARAUETER SYMBOL CONDITIONS
SYATIC ACCUNACY {
Resolution N
Integral Nonlinearity INL
Dittarental Hopnhnearnty [ol1 19
Gamn Enoc Gyeg N AN
Oftset Erroc _ V_Z,S,E____ - _ \es
ANALOG INPUTS
R
esistance Mismatch SPag
Eneg 19 Ay -
fnput Resistance
Rage
At Vaer
tnput Resistance
| L PO
at Bo'!:‘ Aqu AOF S ™
DIGITAL INPUTS
trput HIGH Voltage v
at RD CS lnpu!s ™
1nput LOW Voltage v,
st RD, C5 tnputs A
Input Current t
AD. TS inputs ™
Input HIGH Voltage
VIM
Ctock input
nput LOW \oltage
Vo

Clock Input

tnput KIGH Current
Clock input

tnput LOW Current
Clock input

oV, T £25°C. unless otherwise noted.
ADC-908
LMy UHIIS
g ing (A
134 LSB Max
s8 LSA taay
+5 158 1Ay
160 my LAY
‘ot % MAX
615 b() MAINANAX
10/30 ¥ 11 MINZMAX
24 v
08 V Max
. LA AR
24 v
08 vV MAX
2 mA MAX
1 A MAX
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ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT A/D CONVERTER

VAFER TEST LIMITS at Vp; = 15V, Vugr = —10.000V, AGND = DGND = 0V, Ta = 125°C, unless otherwise noted. (Continued)

ADC-908
ARAMETER SYMBeot CONDITIONS LIMIT UNITS
HGITAL OUTPUTS
Wtput HIGH Vohage
- V, [} = 40uA 4 V MIN
Busy, og0-7 on SauRce = TEw
tutpat LOW Voltage .
BUSY. DBO-7 Ver g = 16MA 04 V MAX
Icating Leakage Curredt fixG 1 »A
OWER REGUIREMENTS
tanaby Current oo Voo, 1475V 10 520 25 mA MAX
Anverssmn Time fonvend Slatie HAM Moy, Eaterngt Clucn 1 1 35Miy b us MAX

OTE
bl al sy AEe peturmud of veater prodez 1o e vonts shoan Duae 10 sanations in AaCailly MuiGas AN H0EMal preld 1oes yield 9l PACAAGING 15 ROL QuAIBNLeed
¥ OA00MG LUtuCt dite Cunuit taLtury T, Tngutisie tpeCllcalions based on dice tat QuantiCdbon HTougn samipde 101 assemntny, and tesuny

YPICAL PERFORMANCE CHARACTERISTICS

OFFSET ERROR
LINEARITY ERROR vs CONVERSION TIME CONVERSION TIME vs
vs CONVERSION TIME RAM MODE Reux AND Cc
(XY - o T 20 T Y
T, -25'C [ 1, -25°C 3. 125°C Z
o :.,,", ';:'nr } . » {73 v Wi Yoo 15V _ . /.
1" o o— 4 . - - dea—
| : AL
. ; o Y A il
) ; 4 E |~
. v ~dororid e o S wP § wu /[ 71
B NS 3 3 g y
L L) - Pl ; é / cC . * P’_
S . /1‘ /1
[T B . 7/ /
" R . /
. . s @ M 1 % . . ) - 7 S0 75 W0 125 10 w5 20 278
CONVERSION T.ME {_o) CONVERSILN TAIE {5 Roea Bul)
GAIN ERHOR CONVERSION TIIME
vs CONVERSION vs TEMMPERATURE CONVERSIGN UHCERTAINTY
TIME WITH INTERNAL CLOCK AROISNG M230R CARRY
ARY a
e iy 4 T
“ 129 R
\ 1 i §
bl 7 i A in - MOM_Cegpr WO ';'
3 7 W A 3 |
. L WTIZ ?(" 5 {7 74 8
- (.ZJ PAD T, XY g
g e
. 8 I
Lo} -y —
o~ feyn < A0 Cria  1OF 0V OV
tef I, BC (I BT 411779 14474 00299 74949 ¢4 vea ANALOG thPuTY
Vige v "WV
Yoy OV
AR} : . ' ]
2 ] ) L} w0 © " ] 25 s ™ s

CONVERSION TIME (.38 Tu—~TEMPERATURE (“Cy
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ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT A/D CONVERTER

GENERAL CIRCUIT INFORMATION

The ADC-908 is an 8-bit analog-to-digilal convertor which
uses a successive approximation technique 1o convert an
unknown anatoq input int a digital code output. The contiol
logic inputs atiow easy intorface to most microprocessors
while thiee-state autputs allow ditect connection to the data
bus. Most applications requite only passive RC cleck com-
ponems a - {0V refarence. and a ‘FSV power supply. The
RC-timad inteinai 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
H#o inputs (see Operating Descriptions for details), 8UsY
goes LOW indicaling a conversion in progress BUSY may be
used as an interrupt to halt the controlling microprocesscr
during conversion or may be polled to prevent premiture

data reads.

Starting with the most significant bit (MSB). each succassiva
bit in the DAC is turned on (see Figure 1). The conwy:arator
then decides if the DAC oulput is less than or greater than the
signal being converted, and that bit is lalched on or oft,
respeclively, before proceeding to the next fower hit and
repeating the cycle. When all eight bits have been tested,
BUSY goes HIGH, signaling a completed conversio.

Under control of the RD input, the three-state data outputs
(D0-D7) change from high-impedance to presenting the new
conversion resulls 1o 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.

PiH FUNCTIONS

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

Pin 1. Vpp Power Supply input, +5V.,

Pin 2. Vger Voltage Reference input, nominal — 10V

Pin 3. Bors Bipolar Offset input. +10QV input for tipolar
mode aperation, tie {0 Vi for unipolar mode
operation.

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

—10V to -+ 10V in bipolasr mode.

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

Pin 14. BUSY  Conversion status output, BUSY iridicates
convarslon in progress by going LOW at
start of conversion and returning HIGH at
end of conversion, May be used to interrupt
controdling microprocessor or to gate con-

1ol inguts.
Pire 1+ RD READ input Used e read data (on falling
edar) and to resel converler {on rising
cdgny.
Chip Select input. Asserted 1o allow ADC
operation. Staits cenversion when converter
is in 1eset condition. Mote: Holding CS
HIGH will not prevent a rising edge on RD
lhom reselling the converler,

(9}
(2]

Pin 16.

Fin 17 CLK Extomnat clock inputinternal clock RC tim-

ing input,

APPLICATIONS INFORPMATION

The ADC-908 may te inteitaced as it it were a static RAM, a
AOM, or a slow-tvemory device. Each ¢! thece interface
mades has its own timing and softaare rrquitaments as
described below. 1hese requirements must be rigidly met, as
improper timing may cause the ADC-908 to chanye modes.

HOW TO CHOOSE AN OPERATING MODE

The static-RAM interface mode offars advantages in a tightly
controlled hardware and software etwvironment, where the
relationship betwesr WIRITE and AEAD instruction pairs is
certain. As tong as munimum timing is satsted. converled
data may be read at any convenient tme after conversion,
The use of separate commands to start a conversion, and
then tead the resufts, is conceptually easy. However, if the
software is subject 10 uncontrolied modifications, then- the
paired relationship between WRITE andg READ instructions
may be lost. Resulting software bugs may result in converted
data of unknown age. or altogether invatid data being read.

By contrast, the ROM mode may be more resistant to software
bugs. As long as minimum timing is satsfied. each READ
instruction obtains new, valid data However, since the data

A, »,,

Yars

? % ,.%‘..

- Eﬁf}\n-—vw.

j
, .
! 19

1

.,

——n

13—
\ L
' «
1 mso ]
{tonn jtooe) (nes)

1isn SumtinG S
{108 JUNCTHION COMrARATON

L SUCCLSSIVE APPROZMATION -(o-ﬂﬁﬁ
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R-COMPATIBLE FAST 8-BIT 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 {or the static-RAM mode WRITE
comnand; the second READ gets the results. The advanlage
of the ROM mode is the use of a single command, rather than
the atiernating READ-WRITE required by static-RAM mode.

The stow-memory maode is the simplest mode of all. it is
the method of choice where compact coding is essential,
or where soflwafe bugs are a hazard. In this mode, a single
READ instruction will initiate a data conversion, interrupt
the microprocessor until completion {WAIT states are intrc-
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, input C3 is derived from the ADC-908 address
decoder, and input RO is derived frcm an active-LOW memory
READ signal. (See Figure 2.}

To start a conversion, execute a memory WRITE (o the
ADC-908. The completed conversion data is obtained by
executing 8 memory READ to the ADC-908. During conver-
sion, Guiput BUSY will ba LOW. Do not attempt to read data
urdil USY returns HIGH. The required minimum time
between WRITE and READ s usually obtained by including
one or more NOP or other prograny instructions. The use of
branch or conditional comimands betwoen the WRITE and
READ mstructions 1s not recommended due to the possibiity
ot software bugs.

it is important that the WRITE and READ commands tbe
alternatety executed. A WRITE instruction has no effect unless
the results of the previous WRITE have already been read.
Ouce 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

INPUTS OUTPUTS
o RD BUSY DB7-DBO ADC-908 OPERATION

Start Convert

= 4 H o HIGH-Z (Write Cycle) _
L 1 H H'(G):;.i to Read Data (Read Cycle)
L _f H z?;g_tg Reset Converter

(Noz(e 1 X HIGH-Z  No Effect (Not Selected)
& H % HIGH-Z N(‘().':frflt:acr(ler Busy)
UL weng Mot

(Note 1) GH"2 C:::iﬁ;?egnor

NOTE 1: 1 RD goes LO_VY to HI(‘EL{,_ the ADC is internally reset, regardiess of
the stales of CS or BUSY.

OPERATING DESCRIPTION: RO MODE

In ROM mode, 1nput CS 1s tied LOW, and input RD is deinea
from the ADC-908 address decoder. To satisty timing. 1t is
recommended that the decoder be enabled by a system
MEMRO (8080), VMA (6800), or similar strobe. (See Figure 3)

In ROM mode. data is read by executing a8 READ instruction
to the ADC-908 address. At the conclusion of tne READ
instruction, the ADC-908 automatically resets itself and then

proceeds o perform a new data conversion. Output BUSY s
LOW during conversion. A new READ instruction to the

ADC-908 must not be executed until BUSY returns HIGH.

MCHOIHOCLSSOM

OrLtuation MEMORY WHITE

NOP OR OTHER INSTIICT1OS
UNTIL BUSY IS 111G

MEMORAY READ MEMORY WRIVE

~ e i

R T

CHPIN G S

n

N ‘ __J[—\

T G eyt e L

=P

087 10 080 - G AW 4 //, .
o Lty s

NOTE. tasp TIMING MEASURED AT 2.4V AND « 0.8V POINTS




ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT A/D CONVERTER

microprocessor into WAIT states duiing data conversion,

This requirement may be met by inserting NOP or other
In slow-mamory mode, inputs TS and RD are tied together.

program instructions between consecutive READ opetations

C?ndilinnal or branch instructions may be S:sed, bu(! keep in The comnion BD and CS signal is derived from the ADC-208
mind that data n‘my become out-uf-date i excessive time address decoder. To satlisly the timing requirements, it is
elapees Letween consecutive READ instructions. advisable to falch the address using ALE (3085) or SYNG
TABLE 2: Tiuth Table, ROM Mode g (8080). For 8080 or 8085-based systems, connect the micro-
proc™ or READY input to the ADC-908 BUSY ocutput. (Sce
leUT.S.‘ . QPTPUTS Figu(c 4)
TS RD BUSY DB7-pDRg ADC-908 OPERATION
7 TABLE 3: Tiuth Table, Slow-M M
. 1 Ny HIGH.Z to Mo tuth Table, Slow-Memory Mode
DATA b INPUTS OUTPUTS
S & AD- BUSY DB7-DBO ADC-908 OPERATION
L j- DATA to  Reset and Start -
HIGH-Z Mew Conversion H H HIGH-Z  No Effect (Not Solected)
o Elfect
HIGH- W, . si
L ¢ L HIGHZ febrmerd sosh 1 b HIGH-Z  Start Conversion
Convaision Error Conversion in Progress.
H- HGH- :
(Note 1) L fHGH-Z HNot Allowed S & HIGH-Z 1P in WAIT Gtate
NOTE 1: 1 D) goes LOW to HIGH, the AUC i Internally raset, rogardiess of L _} HIGH-Z to Conversion Complete.

DATA Read Data

* DATA 1o Reset and Deseclact
HIGH-Z Converter

the states of CS or BUSY

OPERATING DESCRIPTION: SLOW-MEMORY MODE
The slow-memory modo is intended for systems in which tha M Iacgene

ADC-908 BUSY output is used as an interrupt 1o force the

FIGURE 3: ROM Mode Timing Diagram (CS Held LOW)
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Do not execute a WRITE instruction at the ADC-908 address
when in slow-memory mode, since bus conflicts wil arise. tn
some architeclures, an accidental WRITE instruction may be
locked out in hardware, by proper strobing of the ADC-908
address docader.

WHTIALIZATION

In all operating modes, the ADC-908 is initialized by executing
a READ instruction to the ADC-908 address. The data
obtamned should Le ignored.

CLOCK OSCILLATOR (N

The ADC-908 may be used with its internat asynchronous
clock oscillator. An external resistor and capacitor are
required. Typical vatues 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
fecommended. The external clock must be gated by the use
of a 74125-type three-state buffer, with an output putiup
reststor. Optirnum 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 reterence voltage must be applied to the ADG-908
Veer nput. Optumum full-scale accuracy is obtasned using
=10 00V, although Vggr may be ~500V, —1024V. or other
voltages within its specitied range.

Over the full temperature range, optimum gamn accuracy 1s
obtained when the input 10 the Vpgy pin is from a fow-
unpeadance source. A resislor or timmer may be used in
series with the Vpge pin, but this trim techmique is not as
accurate as a low-impedance source. (See Figure 7)

FIGURE 7: Umipolar 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. Consuit your sales representative for availability.

FIGURE §: Using the Internal Clock Oscillator
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ANALOG INPUT VOLTAGE

The ADC-808 unipolar operation is obtained when the analog
inut voltage is batween OV and [Vpgel. With the Ay and Boyrg
pins tied together, input OV will correspond to code 0000 0OO0,
and input full-scale will correspund to code 1111 1111,

8ipolar operaticn is oblained by using the Bggg input to offsat
the Ay input voliaga. For example, with Vpeg = ~ 10V, an off-
sel voltage of +10V may be applied to Boeg. The analog
signal range will then be —10V to 410V at Ay, Code
G000 G000 will correspond to —10V, and positive full scate wilt
be code 1111 1111, Calibration may be perormed using
trimmers in series with Ay and Bors. (See Figure 8).

" Another meihod of oblaining bipolar operation is 10 use an
cp-amp with gain = ~-1/2, tu sum the analog signal with the
reference voltage. With a - 10V reference and 10V to 1 10V
analog signal, the op amip output will then be OV to 1 10V. This
signal is then tieated as an ordinary unipolar input to the
ALC-808. With this arrangeament, input 4 10V cosresponds to
code 0000 0000, and negative {ull-scale cotresponds 1o
code 1111 1111,

UNIPOLAR BINARY OPERATION

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

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

Offset cafibration must be performed in the signal conditioning
circuitry which drives the Ay input.

To adjust offset:

1) Apply —39.1mV (1 LSB) to the input of the huffer amplifier
driving Agy.

2) While performing continuous conversions, adjust the buffer
amplifier's offset adjustment potentiometer until DB7 to D81
are LOW and DBO (LSB) flickers.

Following offset calibration, full scale gain can be calibrated:
1) Apply —9.961V to the input of the buffer amplifier.

FIGURE 8: Offset Binary Operation

2) While performing continuous conversions, adjust the ref.
crence trim pot undi! DB7 1o DB ara HIGH, and DRO (LSB)
flickers.

BIPOLAR OPERATION

Ottset Blnary —Figuie 8 shows a citcuit for offset binary bipotar
opeiaten liset correction should ha made at the haffer
amphilier driving Ay, Gain enror correction shouid be ac-
comphiched by adjusting Vigr.

To calibrate this circuit

1) Adiest BT untit Vg, 10.00v

?) Agqust B2 and H3 1o their mid peints

3) Apply 3 1C000V to the input bufier amplitior,

4) While perlanming continunus conversions, adjust R2 until
D67 to LB are LOW and DDO (LSB) flickers,

5) Ground the input of the input buller circuil.

6) Whule pertorming continucus conversions, adjust 13 until
the ADC's culput code flickers betweon D111 1111 and
10 OO0,

7) Apety 10000V 1o the signal ingut

8) While parforming contintious conversinng, adjust 111 uretil
D87 10 0281 are LOW and the DBO (LSB) lickers.

Q) Apply 49922V 1o the signal input

10) Hthe ADC output code is not 1111 11900 4 1 bit, repeat the
cahibration procedure, omitting step 1

Caomplementary Offset Binary—Tligure 9 shows a comple-
mentary offset binary circunt In thig by ir mode, the 4 10V to

10V analog input is conditioned 1o a G 1o * 10V signat range tor
normal unipolar conversion

In calibrating this circuit, adjust off=nt tvtorg qQin

Offset Adjustment

1) Adpust Rt untit Vi ¢ 10 000V

2) Adjust R3 o its mid pont

3} Adjust R2 until its tap is at OV.

4) Ground the analog input.

§) While performing continuous convereions, adjust R2 untd
the ADC output flickers between 0111 1111 and 1000 0000,
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v

ANALGO
GROUND

-12v 10 -8
12V 70 -8y . 4 “ OFESTT RINAGY CUTTUT CONE Ut RANGE oy 10 - vy
7 3 O——] Vo DaND
v, -10.000v ’ 1_ S
" Vour ! Vare = rone
Are on ! "— cianal 1~ pen
1) 4 R L TH aanuND
LR LU Lo v oo
GHO
s w0k AOC o 10 onvn
ALLINE 177q neny
LI
1090
- o111 1311
QAN TAW
PR )

~\ovvo‘wv°‘ﬁ,:x“‘“ L 8111 100 ;

ANALOG (NPUT 3! aono o v X

Sal .

WA 0111 150 ‘

GROUND INTERTIE
011t 101y : 1 ] L * I +

0 TIC 280 NG M0 O 90 w0 Jen Yo 4N
[CETL L P T PON

PPROTIAATE B1* WEIHTS AND SHOWN 100 HLISTRATIN




95

ADC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-BIT A/D CONVERTER

Gain Adjustment:

1) Apply +9.922V across the analog input,

2) White performing continuous conversions, adjust R3 until
DB7 to DB1 are HIGH and D80 (1.SB) flickers.

DIGITAL CONSIDERATIONS
Control 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 trom changing inter-
face modes. For example, if CS is held LOW 100 long while in
RAM mode, the converter will change to ROM mode and initiate
anew conversion.

Loglc Deglitching—Unielated activity on the address bus may
cause unexpected glitch inputs to the ADC. The glitches may
cause unwaited READs, resets, or conversions In ROM or
RAM modes, these may be avoided by gating the address
decode logic with RD or WR (8080) o1 VMA (6800). In stow-
memory mode, ALE (8085) or SYNC (8080) may bwe used 10
latch the address.

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

ANALOG CONSIDERATIONS
Analoy Input Impedances—Low impedance sources mast be
used to drive the Vpge, Ay, and Bagg inputs Excessive source

AGURE 9: Complementary Otfset Bipotar Operaton

impedances may cause errors due 10 the loading etfects of the
inputs’ finite impedances.

Ground Management—AGND and DGND pins should be
connected at or near the ADC to munimize 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.

Ofiset Correction—Conversion offset errors may be corrected
by counter-offsetting the butfer amptifier driving Ay. This
offset correction may be accomplished by applying a correction
current to the buffer's summing junction or by tapping a voltage
divider sitling between Vpgp and Vpee, and applying this tap
voltage to the noninverting input of the buffer.

Ratiometric Operation—The R-2R type DAC in the ADC-908
permits ratiometric operation of the ADC. Performance de-
gradation may, however, occur as Vgge varies rom —10.600V.
This decrease in performance 1s due to comparator fimitations
including offset-voltage, gain, and mput noise.

The ADC-908 uses the reference as a power supply {or the
comparator toincrease speed and accuracy. Reference voltages
of a magnitude less than —SY must be avoided for accurate
comparator operation. For best accuracy, the use of a 0.1.:F
bypass capacitor fiom Vuee(Pin 2 to AGND) is recommended.

Power Supply Bypassing—For best accuracy, Vpp (Pin 1)
should be bypassed to AGND with a 0.14F capacitor.
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CA3338,CA3338A
CMOS Video-Speed 8-Bit R-2R

Digital-to-Analog Converter

GENERAL DESCRIPTION

Tho Hanis CA3338 tumuly ara CMOS/:g high-ep¥ed R-
2R voltage otput digial-to anaioy convuu.emlu'lhey oper-
ate from a single 5V supply at vidoo spueds, and can pro-
duce “rai-1o-1ad” oulput swimys laternal 1ovel stullers and a
pinn lor an oplonal sewond supply provide for an output
rango Lolow thu digial gieund The dala complemeant con-
trud allows thy inverwion of upul data wiule the tutch enable
controt provides cubiae taod twough o taichied oporation.
Both ends of the R 26 laddur aotwork are available oxtor-
aally ard mmay bo madautatod 101 gan ur offsot adjustmen's,
In addition, “ghtch™ unergy has buan kept vory low by sog-
manting and "bar grapic’” decoting of the uppor 3 bits.,

The CA3338 15 mianutactured on a sapphiro substrate to
give low dynaink: powest dissipation, (0w output capacitance,
and inheiunt latch-ups remstance

ORDERING IHFORMATION

Qe

“ -~
Rl
W

FEATURES

® CMOS/SOS Low Powaer

® R-2R Output. Segmented for Low “Glitch™
® CMOS or 1TL Compatible inputs

® Fast Settltng: 20 ns (typ.) to ¥, L.S7

® Feedthrough Latch lor Ciocked or
Unclocked Use

® Single or Dual Suppiles, 4.5V to 7.5V Total
*® 2 LSB Accuracy (Typ.)

® Data Complement Control

® High Update Rate: 50 MHz (Typ )

® Unipolar or Bipolar Operation

APPLICATIONS

® TV/Video Display

® High-Speed Oscilloscoupe Disptay
* Digital Waveform Generator

® Feed-Forward A/D Systems

. Linearity Temperature
Part Number ¢
rt ; (INU) Range Package
Cr335810 11158 4u'Clo 185C 16 i Plasi: DIP
CA33365L 1075188 -40°C1o 4 85°C 16-#hn Plaste DIP
CA3338D 11LSB 55"Cto + 125°C 16 P Corarec DIP
CA3338AD 1075188 55°Cto t 125°C 16 Pin Ce:amec DIP

NOTE: Consull salas Ol e .o dvadulasiy ul SO pachogy

s
0T —4 1 AL St VDO
ne —{ > 15— LE
DS —j & § 4 f—— COMf-
s — s 13— Vae,!
c3 —4 s 12— vour
02 —{¢ VU Vaee©
0y —— ? 16 b Veg
Vys 1 99— 0O
VIpZ-
Flgure 1: Pin Contiguration
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ABSOLUTE MAXIMUM RATINGS

DC Supply-Voliage Rarnge
(Vpo ~ Vesor Vpp Ve,
whicheverisgreater)................... -0.5Vio {0V

lnput Vol'age Ranga
Digital Inputs (L.E. COMP,

00-07) ..... e, Vgs - 0.5V 1o Vpp 4 0.6V

Analog Pins

(Vrer*. VRer ~.Vour) -...... Voo - 8VtoVpp t 0.5V
OC Input Current

Digital lputs (LE, COMP, D0O-D7) . ... .. £20 mA
Power Dissipation pav Packaae (Pp):

ForTa= -55C10 155°C.............oe.... 315 mw

ForTa = t55°Cto +125°C
Derate Lincarly a1 3.3 mA/°C

Oparating-Temperaturo Range (Ta):

Ceramic Packago—D Suffix.......... ~8§8°Ctn + 125C

Plastic Package—E Suffix ............ —40°Clo 4 85°C
Storagn-Temparature

Doniga (Terghe e eenn et cav..~65'Clo 4 150°C

Lead Temporature (During Soldoring):
At Uistanca Vg t Y, in. (1,59 £ 0.79 mm) from
casefor 10smax. ... ... ol +265C

NOTE: Stnssos ahgve thosa hsted under “Ahsolute Masium Ratings ™
mBy CAUSO POIMANAN! AAmagzn In (0o Covver ThGEe a+e SHass 13tnes rody
aod Anctonal opeeatron of the devico al ihose or &Y 0thor coradivns
AHCVE INOSO imfiealod > the oprratona! soctonas of the S 2inne < net

T anpling £ypposure 10 8SOIR AaxrLnt 1RING CONACNS fov Petrrde s e
ods may affoct davice (ohabdiy,

Recommonded Supply Voltage Range........ A.5V 10 7.5V

"
O"n[v *

16
Yoo O
2 1 m
13 I .._.{/ 3
LE C\f n
iy 3o N L> s\l § 12
m —_—) You
come( H > 10 7-LINE {>—"VV\'_—‘ O Yo
1
4 THERMO- m
o1 (O—rA . MeIER ~—~«{>—J\N\,—-4
2 ) ENCODER -~ 1 o
osO-— y >—ANA—
THROUGH - 4
3
O LEVEL LATCHS
o2 SHIFTERS

w

shiehes

A =6n0n

Figure 2: Functional Diagram
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CA3338,CA3338A
- o
o
ELECTRICAL CHARACTERISTICS 171, = 25'C,Vpp = 5V, Vaer* = 4.608V, Vgg = Vgg = Ve~ = GND, 2
LE clocked at 20 MHz. R 2 1 M1 (unfoss otherwise specifiad) (¥
Parameter Test Conditions Limits Units
Min Typ Max
Accuracy
Rasolution 8 Bits
Integral Linearity Error Soe Figure 6
CA3338 1 LS8
CA3338A 10.75 LS8,
Ditforential Lineanty Error | See Figure 6
CA3338 10.75 LS8
CA3338A 0.5 LsB
Gain Error Input Code = FFyg: Sea Fig. 5
CA3338 10.75 Ls8
CA3336A +0.5 LSB
Ottset Error input Code = 00,g; Seo Fig. 5 10.25 LS8
Digital input Timing
Update Rate To Maintain %; LS8 Settling DC 50 MHz
Update Rate VRer™ = Vgg = =25V, Vpget = +25V DC 20 MHz
Set Up Time Tgy, For Low Giitch -2 ns
Sat Up Timo Ty For Data Storo 8 ns
Hotd Time Ty For Data Store 5 ns
Latch Pulse Wxdth Ty, For Data Store 5 ns
Latch Pulse Wrdth Ty VRegp™ = Vgg = —2.5V,Vpept = 128v 25 ns
Qutput Paramoters Ry Adjusted for 1 Vo Output
Output Detay Toy From LE Edge 25 ns
Output Delay 1y From Data Changing 22 ns
Rise Time T 10 to 80% of Output 4 ns
Setthng Twre Tg 10% 10 Settiing 10 % LS8 20 ns
Qutput Impodence VReF ¢+ = 6V, Vpo = 6V 120 160 200 1]
Glitlch Area 150 pV-s
Glitch Area Vagr~ = Vgg = —~25V, Vpget = +285V 250 pV-s
Reterence Voltage
Vaer * Raige {+ ) Fuli Scalo (Note 1) Vage~™ + 3 Voo v
VRes ~ Range { ) Full Scale {Nota 1) Vee Veeet - 3 \"
Vier ¢ Input Current VRer + = 6V.Vpp = 6V 40 50 mA
Supply Vohage
Static Ipp o Igg LE = Low, Do-07 = High 100 220 pA
LE = Low,Dg~D; = Low 100 nA
Dynaniic Ipn ot igg Vour = 10 MHz, OV 10 5V Sq. Wave 20 mA
DOynamic ipg of lge Vout = 10 MHz, 2 5V Sq. Wave 25 mA
Voo Rejucton 50 kHz Sine Wave Appled 3 mv/vV
Veg Rejecton 50 kHz Sine Wave Appbed 1 mv/v
Digital inputs 00-07, LE, COMP
High Level input Voltage (Note 1) 2 v
Low L evul input VoRage {Nota t) 08 v
Leakagu Casrend 1 15 A
Capacitance 5 pf
Temperatue Cocfhcrorts
Output Impudence 200 PPM/*C

NOTE 1: Parameter nuxt esied. st Quaranteod Dy Gusnn of CAMYSClenzatson.



99

CA3338.CA3338A

]

pis Table 1: Pin Descriptions

3 Pin | Name Description
t 07 | Most Significant Bit
2 06 fnput
3 05 Data
4 D4 Bits
5 03 (High - Truo)
6 D2
7 O
8 Vggs | Digital ground
9 Dp | Least Significant Bit. Input Data Bit.
10 Vege | Analog ground
1t | Vrer - | Relerence voltage nogative input
12 | Vour { Analog output
13 | VRer + | Reference voltage positive input
14 | COMP | Data compioment control input. Active tugh.
15 LE | Latch enable input. Active low.
16 | Vpp | Digital power supply, + 5V

DIGITAL SIGNAL PATH

The digitat inputs (LE, COMP, and D0-D7) aie of TTL
compatible HCT High Speod CMOS design: the loadig is
essentially capacilive and the logic threshold is typically
1.5V.

The 8 data bits, DO (weighted 29) through D7 {weighted
27), are applied to Exciusive OR gates (see Figure 2). The
COMP. (data compliement) control provides the second in-
put to the gates: if COMP is high, the data bits will be invert-
ed as they pass through.

The input data and the LE (latch enable) signals are next
applied o a tevel shifter. The inputs, operating between the
levels of Vpp and Vgg. are shifted 1o operate between Vpp
and Vgg. Veg optionally at ground or at 8 negative volitage,
will be discussed under bipolar operation. All further fogic
elements except the outpul drivers operate fiom the Vpp
and Vgg supplies.

The upper 3 bits of data, DS through D7, ara input to a 3-
to-7 line bar graph encoder. The encoder oulpuls and DO
through D4 are applied to a feedthrough latch, which is con-
trolled by LE (latch enable).

INPUT UATA

Tsuy—=
LATCH ENABLE

0192-3
Figure 3: Data to Latch Enable Timing

LATCH OPERATION

Datais fod tram input to outpit whila LE is low: LE should
be tied low lor non-cibckod operation.

Non-clocked oporaton or changing data whila LF is low is
not recommnnded for applications requiring fow output
“glitch™ eneigy: thera 1s no guarantes of the simultanaous
changing of input data or the eyguat propagathon detay of alt
bits theough the convertar, Savetal paramoters are given if
the convarter is e ba used in eithar of thase modes: T,
gives the deiay from the Input changing to the output chang-
ing {10%%), winla tgyyn and T4 give the sot up and hold times
(referred to LE nsing edye) noeded to falch data. See Fig-
ures 3 and 4.

Clocked operation is nagded for low “glitlch™ energy use.
Data must maet the grven Tgy ¢ set up time 1o the LE (alling
edge. and the Ty hold time from the LE rising adge. The
delay lo the outpul changing, Tp4. is now referrod to the LE
taliing edge.

There is no nead toe a aquare wave LE clock; LE must
only meet the minimum TW pulso width for successiul tatch
operation. Generally, output rming (desited accuracy of set-
tling) sets the uppsar vt of usable clock frequency.

OUTPUT STRUCTURE

The tatchas feed data to a row of high current CMOS
drivers, which in turn foed a modiied R-2R tadder notwork.

The “N" channel (pull down) transistor of each driver plus
the bottom “2R" resistor ate returned to Vpep : this is the
(-} full-scale reterence. The P channel (pull up) transis-
tor of each driver is returnod to Ve !, the (+) full-scale
reference.

In unipolar operation, Vrer  would typically be returned
o analog ground, but may be raised above ground (see
specifications). Thare rs substantial code dependent current
that flows from Vagr * 1o Vaee (580 Ve * input current
in spacifications), so Vagr  should have a low impedance
path to ground.
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OUTPUT STRUCTURE (Continued)

In bipolar operation, Vags ~ would be returned to a nega-
tive voltage (the maximum voltage rating to Vpp must be
abserved). Vgg, which supplies the gate potential for the
output drivers, must be returned to a point at least as nega-
tive as Vpgr - Note that the maximum clocking speed do-
creases when the bipolar mode is usod.

INPUT DATA:DC

LATCH ENABLE

7. ‘01-—.—4——75——"'1

‘ 2158

w2Lse

QUTPUT VOLTAGE

0192~4
Figure 4: Data and Latch Enable to Output
Timing

STATIC CHARACTERISTICS

The idoal 8-bit D/A would have an outpul equal to VRer ™~
with an input code of 004¢ (zero scalo output), and an

output equal to 255/256 of Vaer* (reforred to VRer ~) with
an input code of FFyg (full-scale output). The difference be-
tweeon the ideal and actual values of these two parameters
are the OFFSET and GAIN errors respectively: see Figure
5.

it the code into an 8-bit D/A is changed by 1 count, the
output should change by 1/255 (fuli-scale output—zero-
scale output). A deviation from this step-size is a differential
linearity error: see Figure 6. Note that the error is expressed
in fractions of the ideal step sizo (usually catled an LSB),
Also note that if the (—) difterential linearity ecror is less (in
absolute numbers) than 1 LSB, the device is monotonic.
{The output will always increase for increasing code or de-
croase for docreasing code).

i the code into an 8-bit D/A is at any value, say “N", the
output voltage should be N/25S ot the lull-scale output (re-
ferred 10 the zero-scale output). Any deviation from that out-
put is an integral linearity error, usually expressed in LSB's,
Ses Figure 6.

Note that OFFSET and GAIN errors do not affect integral
lineanty, as the linearity is reterenced to actual zero and full-
scale outputs, not ideal. Absolute accuracy would have to
also lake these errors into account

§iin €ARO
{$AOwN ~
233/2%
-
———— = 1DEAL TRANSFLR CURVE
23472364 —— = - AcTuAL TRANSFER CURVL
- — -
2337236 1 —
oureuT r
VoL TaLE
a8 A
FRACTION OF % ==
vaee “Veer”
3r208 4 ==
oresET — —]
27256 } eawo o
{SHOWN )
wise 4 r —{
} 4 N — "
(-] t ) ¥ T T T
00 o0 oz 03 ro re e
INPUT COOE 1N HEXADECIMAL
(CUNP « LOW)
0192-5
Figure 5: D/A Otfset and Gain Error

]
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CA333
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B-As ¢ DIFFERENTIAL LINCARITY ERAOR
C-A--DIFFEACNTIAL LINEARITY ERPOR

©
Qo0

INPUT cCoODE
0192-6

Figure 6: D/A Integral and Differential Linearity Ecror

DYNAMIC CHARACTERISTICS

Keeping the full-scale range (VRer ' ~ Vger ~) as high
as possible grves the best linearity and towest "glitch” ener-
gy (referred to 1V). This provides the best “P" and “N"
channet gate drives (hence saluration resistance) and prop-
agation delays. The Vrer* (and Vper ~ if bipolar) terminal
should be well bypassed as near the chip as possible. .

“Glitch™ energy is defined as a spurious voltage that oc-
curs as the output is changed from one vollage to another.
in & binary input converter, it is usually highest at the most
significant bit transition (7F4g to 804g for an 8 bit device),
and can be measured by displaying the output as the input
code alternates around that point. The “glitch™ energy is the
area between the actual output display and an ideal one
LSB step voltage (subtracting negative area from positive),
at etther the positive or negative-going step. It is usually
expraessed in pV-s.

The CA3338 uses a modified R-2R ladder, where the 3
most significant bits drive a bar graph decoder and 7 equaity
wenghted resistors. This makes the “gfitch™ energy at each
a scale transition (1F g 10 2016, 3F ¢ 10 404, o1C.) €SSEN-
tiafly equal, and far less than the MSB transition would oth-
erwise display.

For the pumposa of comparison to other convertars, the
output shouid be rasrsivaly divided to 1V fuli-scate Figure 7
shows a typicat hook -up tor checking “glitch™ enargy or sot-
tling tima.

The settling time of the A/D is mainly a function of the
outpul resistance (approximately 16011 in paraltel with the
load resistance} and the load plus internal chip capacitance.
Both “glitch” energy and setlfing time measuremants re-
quire very good crcuit and probe grounding: a probe tip
connector such &s Tektromx part number 131-0258-00 is
recommended.

APPLICATIONS

The output of the CA3338 can be resistively divided 1o
match a doubly terminatad 5011 or 7511 line, although peak-
to-peak swings of less than 1V may result. The output mag-
nitude will also vary with the converter’s output impedance.
Figure 7 shows such an sppkcation. Note that because of
the HCT input structure, the CA3338 could be operated up
to +7.5V Vop and Vagr ¢ supplies and still acoept OV 1o
5V CMOS input vokages

i targer vontage sewngs or betler accuracy is deswad, &
high speed output tatter, such as the HA-5033, HA.2542, or
CA3450, can be empioyed Figure 8 shows a typical apph-
cation, with the output capable of driving 1 2V into rmusttiple
5011 termingled knes
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NOTES 1: Both VRgr * pin and 39211 rasrstor shoutd be tyoassad within %% in
2: Keep nodal capactance at CAJLS0 pin 3 as low as potsdue
3: Vouyt Range = $ 3V at CA3450
Figure 8: CA3338 and CA3450 for Oriving Muitiple Coaxial Lines
Table 2: Output Voitage vs inpul Code and Vper
Vaert 5.12v 5.00V 4.608V 2.56V 2.50V
Vaer™ 0 ] 0 - 2.56V - 2.50V
Step Size 0.0200V 0.0195V 0.0180V 0.0200V 0.0195V
tnput Code
11111111, = FFyg 5.1000V 4 9305V 4 5300V 2.5400V 2.4805V
11111110, = FEyg 5.0800 49610 4.5720 25200 2.4610
°
.
.
1000 0001y = B14g 2.5800 25185 23220 00200 0.0195
1000 0000, = 804¢ 2.5600 2.5000 2 3040 0 0000 0.0000
0111 1111, = 7Fg 2.5400 2.4805 2.2860 -0.0200 -0.0185
°
°
.
0000 00013 = O1,¢ 00200 00185 0.0180 -2 5400 -2.4805
0000 00007 = 001¢ 0.0000 0 0000 0.0000 -2 5600 --2.5000
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OPERATING AND HANDLING
OPERATIONS

1.

Handiing

All inputs and outputs of CMOS devices have a network
for olectrostatic protection during handing. Recom-
mended handling practicos for CMOS devices are do-
scribed in ICAN-6525. “Guide 1o Better Handling and
Operation of CMOS Integrated Circuits.”

. Operating

Opecrating Voltage

Ouring operation noar the maximum supply voltage himit,
care should be lakon to avoid or Suppress powor supply
turn-on and turn-off transionts, power supply ripplo, or
ground noise; any of these conditions must not cause
the absolute maximum ratings (0 be exceodod.

{nput Signals

To prevent damage to the input protaction circuit, input
signals should never be greater than Vpp nor less than
Vgs. input currants must not exceed 20 mA even when
the power supply is off,

Unused inputs

A connection must be provided at every input terminal.
All unused input terminals must be connected to either
Ve of GND, whichever is appropriate.
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- XC1700D Family of
Serial Configuration PROMs

June 1, 1998 (Version 1.0)

Product Specification

Features

* Extended family of one-time programmabie OTP)
bit-serial read-only memories used for storing the
coniiguration piistreams of Xilinx FPGAs

« On-chip address counter, incremented by each rising
edge on tne ciock input

» Simple interface to the FPGA requires only one user
/0 pin .

» Cascadavle icr storing longer or muitiple bitstreams

* Programmabile reset polarity (active High or active Low)

= XC17128D or XC172560 supports XC4000 fast
cenfiguration mode ¢12.5 MiHz)

+ Lew-power CMOS E2ROM process

* Available in SV and 3.3 V versions

= Avaizole in prasiic and ceramic packages. and
commerc:al. industrial and military temperature ranges

* Scace efficient 8-oin DIP, 8-pin SCIC. 8-pin VOIC, or
20-oin sunace-mount packages.

+ Programming support by leacing programmer

Description

The XCi700 family of seriai configuraton PROMs (SCPs)
provides an easy-to-use, cost-affective method for sioring
Xilinx FPGA configuration titsireams.

Wnen the EPGA is in inaster senai mode, it generates &
coniguration clock ihai arivas ine SCP A short access time
afier the nising ciocx eqse. data acpears an the SCP DATA
oulput pin Nz s connected 0 ne FPGA DIN pin. The
FPGA generates the acpropnzie number of clock puisas o
comgiete the Cenfiquration. Cnce configured. ¢ gisables the
SCP. When the FPGA is i siave mode. the SCP and the
FPGA must betn be clockea by an meeming signal.
Multiple dewices can oe ccncatenzted by using the CEO
outout 0 crive the CE .nout o¢ ne ‘ollowing device. The
ciock imputs arg the DATA ouioeis of all 3CPs i this chain
arenierconnecied. ~lf Gevices sre comoatible and can be
cascaged wiin other memters o1 the family.

for cevice orcgramming, tne XACT Jevelopment sysiem
comoiles ine FPGA cesign fle nic a siancard Hex iormat,
WwnICh 1s then iransferred 10 (he crocrammar.

manuiaciurers.
Vee  Vee  GND
] !
CED> T—~g »——> &%
RESET/ [ >—4—— | ! i
OE or D .E:)—[ j
QF/ | 7 i
RESET ! z i d
5 )_ ‘ !
CLK o Address Counter Te ]
J\/L i
|
EPROM out OE
Cel p LT pATA
Matrix
X3185

Figure 1:

Simplified Block Diagram (does not show programming circuit)
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Pin Description

DATA

:2a when enther CE or OF are inactive.
= rz, tha DATA pin is /0. Note that OE can

Each .".5:.‘}0_, cone

on tha CLK input increments the internal
! bgin CF ana OF are active.

RESET/OE
\When Hig-
3-staies =z 2:T4 curpul The polarity of this input pin is
programmaze z3 enher RESET/CE or OE/RESET. To
avoid coriusice i document describes the pin as
RESET/TE. airsugh tne opposite polarity 1s ossible on all
devices. \'/rzn SZIET is active, the address counter 1S
held at zer2. znv “ne DATA ouiput is 3-stated. The polarity
of this incut 3 Zrogrammaple. The defautt is active High
RESET. ut e zreterreg option s actve Low RESET
because 1t can ce cniven by the FPGA's INIT pin.

"t ~cut holds thz address counter reset and

The polar~ «f - 5 5in i3 controlied in the programmer inter-
face by writing 2212 1o four hign-end byte locations. This
input pin 1s easty inverteg using tne Xifiinx PROM program-
mer software (X22) Third-party programmers have differ-
ent metnoass i¢ -rert this on,

For RESET/CZ. “il the four potanty bytes with Ones or do
nothing.

For RESET/OE. “ these four oytes with Zeros.

CE

When Hign. :nis - n cisaples the internal address counter.
3-states the DATA output. and forces the device into low-lce
siandby mode.

CEO

Chip Enable outgut, to be connected to the CE input of the
next SCP in the zaisy cnain. This output is Low when the
CE and OF inoi- are both actva AND the internal address
counter has been incremented beyond its Terminal Count
(TC) value. In other words: wher the PROM has been read,
CZO will fotlow TE as fong as OF is active. When OF goes
inactive, CED stays High until the PROM is reset. Note that
OE can be programmed 1o be erther active Hign or active
Low.

Vep

Programming vorage. Nc oversnoot above the specified
max voltage is perrmitted on this pin. For normal read oper-
ation, this pin must be connected 1o V. Failure to do so
rpay lead to unpresictaple, temperature-dependent opera-
tion and severe proplems in circuit debugging. Do not leave
VPP floating!

Vee
Positive suppty pin.

GND

Ground oin.

Serial PROM Pincuts

Pin Name 8-Pin 20-Pin |
DATA 1 2
CLK 2 4
RESET/0¢ (CEAESED 2 6
TZ 4 8
GND 5 10
TES B 14
VOD 7 "7
Vez 8 20
Capacity
{ Device Configuration Bits 3
fXC17160 or i 18,144 i
ixc-. 725D { 26.288 i
IXC1T65D or L ‘ 55.526 i
XCi73i280or L h 131,072 i
262,142 |

1XC*7258D cr L .

ows 32 bus v reset ccianty control

Number of Configuration Bits, Including Header
for all Xilinx FPGAs and Compatible SCP Type

Device Contiguration Bits SCcpP
XC2020/AL -372CA 14,819 XC1718D
XC3030/AL~-3130A 22,216 XC1736D
XC304Z AL+3142A 30.824 XC1736D0
XC3064/AL+3154A 48.104 XC1765D
XC30S0/A/L-53190A 54,200 XC17650
XC3195A 94,984 XC171280
XC3C03€E 53.976 XC1765D
XC<00SEL 95.000 XC17128D0/L
‘XC2006E 116.832 XC17128D
XC<008E 147 544 XC172560
XC4010EL 178,136 XC17256D/L
XC4013EL 247,960 XC17256DL
XC2020E 329.304 XC172580 +
! XC17128D0
XC<025E 422,168 }* XC17256C «
K XC17256D
*XC5202 42,416 XC1765D0
XCs204 70,704 XC17128D
XC2208 106.288 XCi71280
XCs2:0 165,488 XC1i17236D
XCz215 237.744 XC17258D
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Controiling Serial PROMs

Most connections between the FPGA device and the Serial
PROM are simple and self-explanatory.

* The DATA output(s) of the of the Serial PROM(s) drives
the DIN input of the fead FPGA device.

* The master FPGA CCLK output drives the CLK input(s)
of the Serial PROM(s).

* The CEO output of a Serial PROM drives the CE input
of the next Serial PROM in a daisy chain (if any).

+ The RESET/OE input of all Serial PROMs is best driven
by the INIT output of the XC3000 or XC4000 lead
FPGA device. This connection assures that the Serial
PROM address counter is reset before the start of any
(rejconfiguration. even when a reconfiguration is
intiated by a V¢ glitch. Other methods — such as
driving RESET/OE from LDC or system reset - assume
that the Serial PROM internal oower-on-reset is always
in step with the FPGA's internat power-on-reset, which
may not be a safe assumption.

» The CE input of the lead {or only) Serial FROM is driven
by the DONE/PRGM or DONE output of tne lead FPGA
device. provided that DONE/PRGM is not permanently
grounded. Otherwise, LDC can be used 1o drive CE, but
must then be unconditionally High during user
operavon. CE can also be permanently tied Low, but
this keeps the DATA output active ang causes an
unnecessary supply current of 10 mA maximum.

FPGA Master Serial Mode Summary

The I/0 and logrc functions of the Logic Cell Array and their
associated interconnections are established by a configu-
ration program. The program is loaded either automatically
upon power up, or on command, depending on the state of
the three FPGA mode pins. In Master Mode, the FPGA
automatically loads the configuration program from an
external memory. The Senal Configuration PROM has
been designed for compatibility with the Master Serial
Mode.

Upon power-up or reconfiguration. an FPGA enters the
Master Serial Mode whenever all three of the FPGA mode-
select pins are Low (M0=0, M1=0, M2=0). Data is read from
the Serial Configuration PROM sequentially on a single
data line. Synchronization is provided by the rising edge of
the temporary signal CCLK, which is generated during con-
figuration.

Master Senal Mode provides a simple configuration inter-
face. Only a senal data ine and two contre! lines are
required to configure an FPGA. Data from the Serial Con-
figuration PROM is read seguentially, accessed via the
internal address and bit counters which are incremented on
every valid rising edge of CCLK.

If the user-programmable, dual-function "DIN pin on the
FPGA 1s used onty for configuration, it must still be held at a
defined level during normai operation. The XC3000 and
XC4000 families take care of this automaticalty with an on3
chip default oull-up resistor. With XC2000-famdy devicas,
the user must either configure DIN as an active output, or
provide a defined level. e.g.. by using an external pull-up
resistor. if DIN is configured as an input.

Programming the FPGA With Counters
Unchanged Upon Completion

When muitiple FPGA-configurations for a single FPGA are
stored in a Serial Corfiguration PROM. the OE pin shouid
be tied Low. Upon power-up. the internal address counters
are reset and configuration beging with the first program
stored in memory. Since the OE pin is held Low, the
address counters are left unchangea afier configuration is
complete. Therefcre, to reprogram the SPGA with another
program. the D/P line is pulled Low and configuration
begins at the iast value of the address counters.

This method fails if 2 user applies RESET during the FPGA
configuration process. The FPGA aborts the configuration
and then restarts a new configuration, as imtended. but the
Seriai PROM does not reset its address counter. since it
never saw a High tevel on ns OF input. The new configura-
tion, therefore. reads the remaining cata in the PROM and
interorets it as preamble, iength count eic, Since the FPGA
is the master, it issues the necessary numper of CCLK
puises. up te 16 million (24} and D/P goes High. However,
the FPGA configuration will be —ompletely wrong, with
potential contentions inside the FPGA and on its output
pins. This method mus:, therefore. never pe used when
there is any chance of external reset gunng configuration.

Cascading Serial Configuration PROMs

For multiple FPGAs configured as a daisy-chain, or for
future FPGAs requiring farger configuration memories. cas-
caded SCPs provide additional memory. After the fast bit
from the first SCP is read. the nexi clock signal to the SCP
asserts its CEO output Low and aisables its DATA line. The
second SCP recognizes the Low levet on its CE input and
enables its DATA output. See Figure 2.

After configuration is complete, the acdress ccunters of all
cascaded SCPs are reset i the FPGA RESET pin goes
Low, assuming the SCP reset polarity option has been
inverted.

To reprogram the FPGA with another program. the D/P fine
goes Low and configuration begins where the address
counters had stopped. In this case. avoid contention
between DATA and the configured /0 use of DIN.
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Figure 2: Master Serial Mode. The one-ume-crogrammaote Senal Configuration PROM suoports automatic loading of
configuration programs. Muriole cevices can oe cascaded 1o suoport aaditional FPGA. An early D/P inhibits the

PROM data output one CCLK cycie petore the FPGA 1/0s become active.
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Standby Mode

The PROM enters a low-power standby mcde whenever
CE s asserted High. The ouiput remains in a high imped-
J ance state regardless of the state of the TF input.

1A technique for turther reducing the standby current of a
Serial Configuration PROM is described ia the XCELL iour-
nal. Issue 11, page 13.)

——— S

ST XILNX

Programming the XC17G0 Family
Seriai PROMs

The cevices can be programmed or programimers supplied
by Xiinx or qualified third-party vendors. The user must
ensure that the aporopriate programming algorithm and
voitages are used. Different produc: ypes use differen:
atgoritnms and voltages. and the wrong choice can perma-
nently camage the device.

; Table 1: Truth Table for XC1700 Control inputs

i i Control Inputs | Outputs '
= : Internal Address v —— —
: RESET | CE . - ! DATA i CEO0 iec !
‘Inacuve ‘Low 'if acdress < TC: increment iacuve ‘High lactive |
' lii aderess > TC: don't change i3-sta1e Low freduced i
Aciive ‘Low {Held reset '3-state -High  lactive |

inactive High iNot changing 3-staie Hign {standby
jActive iHigh ‘Held reset S-sizie  High  isandoy |

Notes: 1. The XC1700 RESET inout has orogrammable oclasiv

2. TC = Terminal Count = hignes: address value. TC~1 = acdress O

I Table 2: Data I/O Programmer Locations for Programming RESET Potarity

| Device Hex Address
XCi718D or L 80C :nrough 8DF
XC1736D 1188 through 1188
XC1765D or L 2000 through 2003
XC171280 ¢r o 4000 through 4003
XC17256D or L 8000 through 8003

IMPORTANT: Always be sure 1o use the proper programming aigorinm. “0” senes PROMs will not program oroperty using
“A” -series aigonthms. Always tie the Vpgp pin to Vog in your application. Never leave Vg floating. !

"y

~ ~ e Y
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XC1700D Family of Serial Configuration PROMs

XC1718D, XC1736D, XC1765D,,XC17128D and XC17256D

Absolute Maximum Ratings

Symbol Description Units ;
Vg ! Supply voltage relative to GND -0.5t0 +7.0 Voo
| Vep Supply voitage relative to GND | 0510 +125
Vin Input voltage relative tc GND -0.5to Vg +0.5 \
; Verg Voitage applied to 3-state output -0.5to Vg +0.5
Tsta Storage temperature (ambient) -85 to +125 °C
; TsoL Maximum soidering temperature (10 s @ 1/16 in.; ! +260 *C [
Note: Stresses beyond those fisted under Absolute Maximum Ratings may cause permanent damage to the device. These are
stress ratings only. and functional operation of the device at tnese or any other corattions teyona those listed under
Ooerating Conditions is not implied. Expesure to Absolute Maximum Hatings cenditions for extended pericds of time may
atfect device refiability.
Operating Conditions
: Symbol I Description i Min Max ; Units l
Voo T Commerciai ‘ Supply voitage relative to GND 6°C i0 -70°C ,unci:on ; 4.78 5.25 ! v
; ; Industrial i Supply voitage refative to GND -40°C to ~85°C junction ! 4.50 5.50 | v :
: | Military Supply voliage relative to GND -55°C ‘¢ - 125°C case f 4.50 5.50 v |
DC Characteristics Over Operating Condition
i Symbol I Description Min Max Units
i Vik l Hign-level input voltage 2.0 Vee v
vy i Low-level input voltage 0 0.8 v
Vou | High-level output voitage {ion = -4 MA) | Commercial 3.86 v
Voo  Low-level output voltage (lo, = +4 mA) I 032 v
Vor | High-level output votiage {loy = ~4 mA) Industrial 3.76 v
VoL Low-level output voitage (lo = +4 mA) : 0.37 v
Vou High-level output vottage (igy = -4 mA) Military 3.7 v
© VoL ! Low-level output voltage (i = +4 mA} i | | 04 v
i leca Suoply current. active moce i I 10.0 mA
lecs Supply current. standty mode. XC171280, XC17256D ; i 500 uA
| Supply current, stanaby mode. XC1718D, XC1736D. XC1765D ' 1.5 mA
1L ; input or output leakage current -10.0 10.0 A
Note: During normal read operation Vpp must be connected to Vee
- T
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XC1718L, XC1765L, XC17128L and XC17256L

Absolute Maximum Ratings

; Symbol Description : E UnitsﬁlE
¢ Vee Supply voitage relative to GND | -0.510 +8.0 v
Y Vps Supply voitage re!étive o GND i 5510 2.5 1 Voo
Vi Input voltage with respect to GND {0510Ves-05 |V k
; Vrs ! Voltage applied to 3-state output f -0.510 Veg +0.5 i i
: Teto ! Storage temperature {ambient) : 65 to +130 ’Cj
" TsoL ; Maximum soldering temperature (105 @ 1/16:n.) -280 i C |
Note iresses beyond those iisted under Absolute Maximum Ratings may cause permaneni Jamage o the cevice, These are stress
ranngs onfy, and functiona: eperation of the device at these or any cther congiticns Devond those nsiea under Coeraung
iﬁgg::::;s is not impiied. Exposure to Absolute Maximum Ratngs congiions ior sxinced cerods o\'.:-me may afiect device
o

Operating Conditions
, Symbol |, Description | Min i Max g Units
i Ve ' Cemmercial | Supply voltage retative to GND 0°C o - , 20 ! 3€& v
DC Characteristics Over Operating Condition
i Symbol 1 Description ; Min | Max Units
E Vg . High-tevei inoui vorage P20 | Vee v

Vo Low-ievel input vortage i 0 28,V ﬁ:
| Ve : High-levet output voltage (lgy = -4 MA) P24 i Voo
© Ve | Low-levei output voitage (ig = +4 mA) ; . 0e ' % ;
| lcca ! Supply current. active mode : 50 | ma
¢ lecs | Supply current. standby mode. XC1718L, XC1765L ; i . i mA
; ! Suppty current. standby moae, XC17128L, XC17265L i ¢ 500 , HA
\ 3 4" input or output ieakage current ) -10.0 * 0.0 ; uA )

Note: Cunng normai read aperation Yoo must be connected 10 Ve
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AC Characteristics Over Operating Condition

. !
CE

— Tsce — Tscz ‘-7:::2 -
RESETIOR \ ;
' ! - 1L z =
) e == T YT ® Tove — ;
3 ad ‘
T e T O - TEAJC - - e~ = — &7
| - @ T« / ™ —
DATA
A /\ X s/ | W
- - @TCH
Y2832
1 P [ {
» ‘ \ )X(g;;;gg i XC:71§L i XC17128D ! XC‘I_ZI?BL E
{ Symbol i Description XC1765D | XC1765L | XC17256D * XC17256L ., units
' { ( Min  Max | Min | Max | Min | Max , Min Max
11 Tpog  (OE 10 Data Delay i <5 ¢ =5 i I 25 30 ns
‘2 Tce ‘CEtoDaia Detay 80 S0y 45 80 ns
3  Tecac CLK!o Dama Delay 150 200 - 30 80 | ns |
14 Ton  (Data Hoid From CE. Ct. cr CLK 0 M | -0 0 i ns
i5 Tpe .CE or OF ‘o Data Fioat Delay? [ I I ;50 ) ns
16 Teye - Ciock Periods ¢ 206 ¢ ; <00 | 80 100 ns
'7 'Tye 'CiKLow Time? . 00 Sl 20 | 23 ¢ ns
@ 1THC 'CLK High 1ime’ T . 100 720 | 25 [ ns
i§ TSCE 'CE Setup Time 1o CLK i1 guarantee ' 25 120 T 20 | f 5 1 ns
o ' proper counting) : { ! .
10 {Tyce |CE Hold Time to CLK (io guarantee | 9 il | 0 N ¢ I ns
: prooer ceunting) i ’ § h | ! ]
n jTHOE i OF Hold Time (guarantees counters are | 100 . 109 l 20 g i 25 i ns
reset) | ; i » i !

Notes: 1. AC iestload = 50 of

2. Float celays are measured wim minimum tester ac 10ad ana maxmum cz loac.

3. Guaranteed by cesign. not iesieq.

4. All AC parameters are measured with V= 0.0V and Vy, = 3.0 V.
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AC Characteristics Over Operaiing Condition {continued)

RESET/OE ; i \

o _/__\_ZZ ‘ | !

DTcor — — !
t
J—
DATA X Las: 8¢ j{ , { Ficsr &
DTocx — N i - ‘-—@cha
@ 7 3 t
¢Eo Xv / ( 7
Boce— =~ =~  —Dloce
H X123
T : i i
% ;gf;l:g [ Xc1718L ‘ XC17128D . XCi7128L
! i Wi | XC1785L | XC17256D & XC17256L Uni
‘ Symbot Cescription XC1765D | : | Units
t ' Min |{ Max | Min | Max * Min | Max | Min | Max
12 'Tepe |CLK to Data Float Delay? M IAVE S i 50 ¢ ' 30 7 30 ns
131Tock |CLK to CEO Detay | 65 1 1 85 ' 30 { 30 ns
141 Toce |CE to CEO Delay { 45 i | 45 L [ & ns !
1€ [Tooz |RESET/OE to CED Delay ; | 40 | [ 40 ; E T 30 ns |

Notes: 1. AC testload = 50 of
2. Fioal Celays are measured vath mimmum ester ac ioad and maximum dc 1053,
3. Guarariteed by oesign. not tested,
4. All AC parameters are measured witn Vy = 0.0V and Vi = 3.C V.
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Crdering infor

Zevice Number
«C1718D
NCiT18L
AC1738D
XC17850
XC1765L
XC17128D
XCi723L
XC172560
XC17256L

Yaziid Ordering Combinzations

madcn

P

Package Tyce

P08 = I-FnPasic I
008 = 3-Pi

S08 = 3-P

VCR = 2.P%

PC20 = 20-F

OJUSIEL

——— Operating AzangesProcessing
2 = Commeraul 2-70 Ch

r

-0 -&3¢ v}

' \ 0 -1230)

2 Mimary =35 1¢ =123 C;
3y 1AL-5TD-88C Lever 3 compiiant
<L

AC17:280FDEC XC1718DPLAC XC.7E2oPDac
XC17128DVOSC XC1718DSCaC XC17350SCSC
XC17128DPC20C %C1718DVOEC XCiT650V0EC
XC1712280PD8! XCiT18DPCIC ¥T1TE50PC20C
XC171280VOSH ‘17180753 XC17550PC!
XC171280PC20 XC171805Ca! XTiT22DSCs!
XC171250008M XC1718DVIE xC voa
XC171EDPCES %C PC201
. XC:™:3CDDSM 23t !
! . 1%t i
5.C 17 12BLPDBC NCT !
XC+T128LVO8C Ixc: |
¥C17128LPC25C X217 i
XC17 128LPD8 {xc17esLeczoc i
17128LVOS8! XCi718LFD ;xc.7zsaa_v Gl jxC1765L708! !
~\,-.71zeu=c¢ol XCi778L3Cs! XCT2E5LACIT :
XC17i3LvCai \ IXC1res 08! "
XCi718LPC 251 : IxCiTesLeCIor i

Marking information .

Oue 10 the small size of the serial P=OM package. (ne comoiete crdenng part ~moer cannot De markec on the package.
The XC prefix is celeted ana the pac<age coze ‘s simat.hed. Sevice marking s 25 {oflows.

i736D P C

Device Number Operaung Range/Processing

XC1i718D C = Z:mmerciatd* 10 +70-C
XC1718L Package Type I = -zustnal (~20° to «82°C}
XC17380 P = B-Fi~ Plasic OIP A= lapry (55710 -128C)
XC1765D D = 3-Pir CarDlP 5 = "uarv (=55° i £125-C,
XCi765L S = &-Fin asuc Sma -Cutve Package “L-57D-883 Leve! € 2omzuam:
XC17:28D Vo= : seng THie Package

i7128L S = asuc L22zez Tuuc Carner

XL17238D
XT17258L
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XC3000 Series
Field Programmatble Gate Arrays

June 1. ¥996 (Version 2.0}

Prmoduct Descripuen

Features

« Comoiete line of four related Field Programmable Gate
Array product famiiies
- XCG0COA. XC3000L, XC3100A, XC3100L
* idezi for a wide range of custom VLS! design tasks
- Reoiaces TTL. MSL. and other PLD logic
- Iniegrates complete sub-systems into a single
package
- Avouds the NRE, time delay, and risk of conventionai
masked gate afrays
« Hign-psriormance CMOS staiic memory technology
Guaranteed toggle rates of 70 to 370 MHz. logic
Jeiays irom 210 1.5 ns
- Sysiem ciock speeds over 80 MHz
- Low cuiescent and active power consumption
» Flexible FPGA architecture
Compatible arrays ranging from 1.000 to 7.5G0 gats
compiexity
- Extensive register, combinatorial. ana 1O
capabilities
- Hign fan-out signal distribution, iow-skew clock nets
- Interrial 3-state pus capabilities
- TTL or CMGS input threshelds
- On-chip crystal oscillator amplitier
= Unlimiteg reprogrammability
- Easy design iteration
- In-svsiem logic changes
* Extensive packaging options
- Over 20 different packages
- Plastic and ceramic surface-mount and pin-grid-
array packages \
- Thin and Very Thin Quad Flat Pack (TQFP and
VQFP) options
* Ready for volume production
- Standard, off-the-shelf product availability
- 100% factory pre-tested devices
- Excellent refiabiiity record

= Comgiete XACT step Deveiopment System

- Scnematic capture. automatic olace and route

- Loge ang diming simulaton

- interactive Cesign editor for design optimization

- Timung calculaior

- Interfaces ¢ cooutar design environmenis tike

Viewiegic. Caasnce. Mentor Graonics, and otrers
Cescription
XCZC00-Series Fraid Programmanie Gate Arrays (FPGAs)
orov.de 2 aroup of hign-performance., hign-gensny, Jigual
-ntegrated crcuits, Thetr requiar, extendaole, fiexibie. user-
Srocrammable eray arcnitecture is comoosed 4! a confiqu-
aUsn SrICram siore olus ihree types of conligurante zie-
mens: & cenmeter of /O Elocks (I0Bs). a core array ¢t
Configuradble Logic Bocks (CLSsi and rasources for inter-
<2nnecten. The ceneral strucira of an FRGA is snown in
=cure 2. The XACTswep deveiopment system crovides
scrematc cadwre ang alio place-and-route o design
eniry. _CgiC ang bmung simuiation, and in-circut emuiation
are ava.aoie as cesign verficaton atternatives. “he cesign

editor s Lsed for .nteractive cesign ootimization. ang tc
ccmoe the data caitern that reoresents ihe ccndguration
program.

1

The FPGA user logic functions and interconnections are
ceterminec by ine configuration program cata siored n
aiernal static memory cels. The program can be «0aged in
any of several modes to zccommcdate various system
requ:remems The program osta resides externally in an
PROM EPRCM or ROM on the application circuit
"o«;fo or on a floopy disk or hard disk. On-chip initatizanon
logic provides for optional automatic ‘oading of orogram
data at power-up. The companion XC17XX Ser:ai Configu-
ration PROMSs provide a very simpie serial connguration
program storage in a one-time programmable pacxage.

The XC3000 Field Programmable Gate Array families pro-
vide a variety of logic capacites. package styles, :empera-
ture ranges and speed grades.

e e R
XC302CA. 3020L. 312CA 1.500 1.000- 1500 454 8x8 64 256 15 14779
XC3030A. 3020L. 3120A 2.000 1.500-2.000 10 10x10 80 360 20 2176
XC3042A. 30421, 3142A, 31421 3.000 2.000-3.000 a8 12x12 96 480 24 30.784
XC3064A, 30641, 3164A T 4500 3.500-4500' 224 16x14. 120 688 32 46.064
XC3090A. 3090L. 3190A. 3190L §.000 5.000-6.000° 320 16x20 144 028 <0 64 160
XC3195A 7.500 6.500-7.500 484 22x22 176 1.320 44 ) 94,984




XC3000 Series Field Programmable Gate Arrays

116

Dynamic Power Consumption

XC3042A XC3042L XC3142A
One CLB driving three local interconnects : 0.25 0.17 0.25 mW per MHz
One global clock bufter and clock line : 2.25 1.40 ’ 1.70 mW per MH2z
One device output with a 50 pF load 1.25 1.25 ! 1.25 mW per MHz

Power Consumption

The Field Programmable Gate Array exhibits the low power
consumption characteristic of CMOS ICs. For any design,
the configuration option of TTL chip input threshold
requires power for the threshold reference. The power
required by the static memory cells that hoid the configura-
tion data is very low and may be maintained in a power-
down mode.

Typicaily, most of power dissipation is produced by external
capacitive loads on the output buffers. This load and fre-
quency dependent power is 25 uW/pF/MHz per output.
Another component of IO power is the external dc loading
on alf output pins.

Internatl power disstpation is a function of the numoer and
size of the nodes, and the frequency at which they change.
In an FPGA, the fracnon of nodes changing on a given
clock is typically low (10-20%). For example, in a long
binary counter, the total activity of all counter flip-flops is
equivatent to that of only two CLB outputs toggfing at the
clock frequency. Typical global clock-puffer power is
between 2.0 mW/MHz for the XC3C20A and 3.5 mW/MHz
for the XC3090A. The internal capacitive load is more a
funcuon of interconnect nan fan-oui. With a typical load of
three general interconnect segments, each CLB output
requires apout 0.25 mW per MHz of its output frequency.

Because tne control storage of the FPGA is CMOS static
memory, its cells require a very jow standby current for data
retention. In some systems, this low data retention current
characteristic can be used as a method of preserving con-
figurations in the event of a primary power loss. The FPGA

has builtin powerdown logic which, when activated, will dis-
able normal operation of the device and retain only tha con-
figuraticn data. All internal operation is suspended anc
output buffers are placed in their high-impedance state with
no puii-ups. Ditferent from the XCT3C00 family which can be
powerec doewn to a current consumption of a few micro-
amps. the XC3100A draws 5 mA, even in power-down. This
makes power-gown operation less meaningiul. In contrast.
iccep for the XC3000L is only 10 pA.

To force the FPGA into the Powerdown state. the user must
pull the PWRDWN pin Low and continue to supply a reten-
tion voltage to the Vce pins. When normal power is
restored. Veg is etevated to its normal operating voiiage
and PWRDWN is returned to a High. The FPGA resumes
operation with the same internal sequence that occurs at
the conclusion cf configuration. (nternal-/O and logic-block
storage elaments will be reset, the outputs will become
enabled and the DONE/PROG pin will be released.

When Vce is shut down or disconnected. some power
might unintentionaily be supplied from an incoming signa!
driving an /O pin. The conventionai electrostatic input pro-
tection is :mplemented with diodes to the supply and
ground. A positive voltage applied to an input (or output)
will cause the positive protection diode to conduct and drive
the Vec connection. This condition can produce invalid
power conditions and should be avoided. A large senes
resistor might be used to fimit the current or a bipolar butfer
may be used to isolate the input signal.

S,
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Pin Descriptions

Permanently Dedicated Pins

Vee
Two to eight (depending on package type) connections to
the positive V supply voltage. All must be connected.

GND

Two to eight (depending on package type) connections to
ground. Ali must be connected.

PWROWN

A Low on this CMOS-compatibie input stops all internal
activity, but retains configuration. All fiip-flops and latches
are reset, all outputs are 3-stated, and ail inputs are inter-
preted as High, independent of their actuai level. When
PWOWN returns High, the FPGA becomes operational with
DONE Low for two cycles of the internal 1-MHz clock.
Before and during configuration, PWRDWN must be High.
# net usec, PWRDWN must be tied to Ve

RESET
This is an active Low input which has three fun=tons.

Prior to the start of configuration, a Low input will delay the
start of the configuration process. An wnternai circuit senses
the application of power and tegins a munimal time-out
cycle. When the time-out and RESET are compiete, the lev-
ats of the M lines are sampled and configuration begins.

if RESET is assertea auning a configuration, the FPGA is
re-inttialized and restarts the configuration at the termina-

tion of RESET.

It RESET is asserted after configuration is camgciete. it pro-
vides a global asynchronous RESET of at iOB ang CLE
storage elements of the FPGA.

CCLK

Duning configuration, Configuration Clock is 2n output of an
FPGA in Master mode or Peripheral mode. but an mput in
Slave moce. During Readback, CCLK is a efock input for
shifting configuration data out ot the FPGA.

CCLK drives dynamic circuitry inside the FPGA. The Low
time may, therefore, not exceed a few microseconds. When
used as an input, CCLK must be “parked Hign". An internal
pull-up resistor maintains High when the pin is not being
driven.

DONE/PROG (D/F)

DONE is an open-drain output, configurable with or without
an internal pulli-up resistor of 2 to 8 k Q. At the completion of
configuration, the FPGA circuitry becomes active in a syn-
chronous order; DONE is programmed to go active High
one cycle either before or after the outputs go active.

Once configuration is done, a High-to-Low transition of this
pin wili cause an initiafization of the FPGA and start 2
reconfiguration.

MO/RTRIG

As Mode 0, this input is sampled on power-on 1o determine
the power-on delay (2'* cycles if MO is High, 2'8 cycles if MO
is Low). Before the start of configuration, this input is aga:n
sampied together with M1, M2 to determine the configura-
tion mode {0 be used.

A Low-to-High input transition, after cenfiguration is com-
plete, acts as a Read Trigger and initiates a Reaaback of
configuration ana storage-element data clocked by CCLK.
By selecting the appropriate Readback option when gener-
ating tne bitstream, this operation may be limited to a single
Readback, or be inhibited altogether.

M1/RDATA

As Mode 1, ihis input ang MO, M2 are sampled before the
start of configuration to estabiish the configuration mode to
be used. If Readback is never used, M1 can be tieg directly
10 ground or V. If Readback is ever used. M1 must use a
5-kQ resistor to ground or Vee. 1o accommodate the
RODATA output.

As an active-Low Read Data, after configuration is com-
piete, this pin is the output of the Readback data.

User I/0 Pins That Can Have Special
Functions

M2

During configuration, this input has a weak pull-up resistor.
Together with MO and M1, it is sampled before the start of
configuration to establish the configuration moce 0 be
used. After ocnﬁguration. this pin is a user-programmanie
/O pin.

HDC

During configuration, this output is held at a High teve! to
indicate that configuration is not yet complete. After config-
uration. this pin is a user-programmable /O pin.

bC

During Configuration, this output is held at a Low level to
indicate that the configuration is not yet complete. After
configuration, this pin is a user-programmable VO pin. (T
Is particuiarly useful in Master mode as a Low enabie for an
EPROM. but it must then be programmed as a Hign after
configuration.

INTT

This 1s an active Low open-drain output with a weak puit-up
and is held Low during the power stabilization and internal
clearing of the configuration memory. It can be used to mdi-
cate status to a configuring microprocessor or, as a wired

e

e - e
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AHND ci several siave mode devices, a hold-off signal for a
master node device. After configuration this pin becomes a
user-programmable 1/0 pin.

BCLKIN

This s a direct CMOS level input to the alternate clock
butfer fAuxifiary Buffer) in the lower right corner.

XTL1

This user /O pin can be used to operate as the output of an
amplifier driving an external crystal and bias circuitry.

XTL2

This user 170 pin can be used as the input of an ampilifier
Connected to an external crystaf and bias circuitry. The /O
Block 15 left unconfigurea. The oscillator configuration is
activated by routing a net from the oscillator buffer sympol
Output and by the MakeBits program.

C30, T57, cs2, WS

These ‘our inputs represent a set of signals. three acuve
Low ana one active High, that are used to control configu-
faton-gata entry in the Peripheral mode. Simultaneous
assertion of all four inputs generates a Write to the internal
Cata buffer. The removal of any assertion clocks in the DO-
D7 cata. in Master-Parallel mode, WS and GS2 are the AQ
and A1 outputs. After configuration. these pins are user-
programmabile I/O pins.

RDY/8USY

Durning Peripheral Parallel mode configuration this pin ingi-
Cates when the chip is ready for another byte of data to be
wrtten to it. After configuration is complete. this pin
becomes a user-programmed /O pin.

RCLK

During Master Paraflel mode configuration, each change
on the A0-15 outputs is preceded by a rising edge on
RCIK. a redundant output signal. After configuration is
Complete, this pin becomes a user-programmed /O pin.

D0-D7

This set of eight pins represents the parallel configuration
byte for the parallel Master and Peripheral modas. After
configuration is complete, they are user-programmed /10O
oins.

AQ-A15

During Master Parallel mode, these 16 pins presant an
address output for a configuration EPROM. After configura-
tion, they are user-programmable 1/Q pins.

DIN

During Slave or Master Serial contiguration, tnis pin1s used
as a serial-data input. In the Master or Peripheral configu-
ration, this is the Data 0 input. After configuration is com-
plete. this pin becomes a user-programmed /O pin.

oouT

During configuration this pin is used to outout serial-config-
uration data to the DIN pin of a daisy-cnaired slave. After
configuranon is complete, this pin pecomes a user-pro-
grammed /O pin,

TCLKIN

This is a arrect CMOS-level input to the global clock buffer.
This pin can aiso be contigured as a user programmaple
110 pin. However, since TCLKIN is ihe preferred input to the
global clock net, and the global clock net shoutd be used as
the primary clock source. this pin is usually the clock input
to the chip.

Unrestricted User I/Q Pins

vo

An VO pin may be programmed by the user to be an Input
or an Output pin following configuration. Al unrestricted /O
pins, plus the special pins mentioned on the following page,
have a weak pull-up resistor of 50 kQ :0 100 kQ that
becomes active as soon as the device powers up, and
stays active until the end of configuration,

Note: Before and during configuration, all outputs that are not used for the configuration process are 3-stated with a 50 k)

{0 100 kQ pull-up resistor.  »
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Pin Functions During Configuration

Configuration Mode <M2:M1:M0>

SLAVE MASTER- MASTER-  MASTER. 100 !
SERIAL SERIAL : PERIPH , HIGH Low 4 64 68 B4 B 100 VOFP132. 148 160 175 176 208 223 User
ants <0:0:0> <10:1> <1:1:0> <1:0:0>  PLCC VGFP'PLCC PLCC PGA.PQFP TCFP PGA+TOFP:PQFPPGA TQFP POFP.PGA. Function
FOWR POWER ' POWEA POWER SOVER sCViER
W ov OWR oWr R bl
n ) o [0} “ - 70 12 BZ 20 2 A1 1 18 32 3 Bz o
MTEIGH) (1) MY ILOV (1) - MTELOWI (1) MY {RIGHY 1) AT e Tev ‘g i} 25 i 2082 -9 812 % 43 312 35 8 C16 RDATA
MO (HIGH) ) - MO (LOWN (1) | MO HIGH) (I MO(LOW) () MadOWAM)  ©7 32 - 26 32 - L1 34 51 Awd: 38 42 BIS: 47 50 Bi7¢ XTAIGM
M2 (HIGH) ) M2 (LOW) (1) { M2 (HIGH) (1) ' M2 (HIGH) () * %82 (MiGry (1t 8 3 27 33 K2 56 33 C13 0 4da  Ci5 29 56 aty 0
HDC (HIGHI HDC (HIGH) | HOC (HIGH) | HOC (HIGHY  SDC.wGHY — 8 33 28 2a %3 57 %4 Bi4 21 36 €2 0 55 2 .0
LOCAOW) 'OCILOW) | LOCAOW) ( LDCLOWI LOCIOW! 23 36 . 30 35 (3 353 56 014! 15 28 D16 3% 51 Ei5 10
RfY- v (i1 [0 Nt 2 0 o3& & X6 55 62 G14 55 39 RIS 55 TN »O
GND GND GND GND GND 32 #1335 43 6 56 63 M2 & 19 4 37 19 KI5 GNOD
26 <723 33 L1v 76 73 M3 3§ 76 P1§ 3% 100 VI8 X2 ORIO
ERET RESET () REBET (0 JESET RELET ., 5y 23 ) 3¢ <10 8 5 P T 76 fi15 3t oz T 133
CONE CONE DONE COME SONE 23 49 35 S5 510 80 T "3t T3 80 Ria 23 o7 w17 PHOGRL M
1 DATAZ() | DATAT7(d) OATA7 il B 6 36 11 21 8 MI2. T6¢ 81 N13 36 125 118 o
20 51 27 57 4 82 9 P13 Y5 82 Ti4 31 19 Uls ATLIOR LG
DATAG (1) | DATA7{) | DATAG (N B 48 58 K10 33 80 NIV 7B &6 P12 3% 15 Ui C
DATAG(l) , DATA6() DATASG) ! 33 9 80 F0 a7 ¢ M9 88 92 Tit 02 22 U2 %0
oSO ¢ ; 33 30 61 G0 88 35 N9 85 33 A¢ 03 i23 Vil 1)
DATA(4) | CATA{3] | DATA() 5 31 82 G118 86 N8 ' 88 9 GO -C8 128 U0 )
OATA(3) | DATA(3) | DAvA {3} $7 53 65 fn 32 38 N7 92 102 SR 12 32 -8 Q-
[T 35 % & D1t 33 % 26 93 303 98 3 13 us o
DATA(2) | DATAIZ) |, DaTi2) 2 65 87 g1 3 1 M6 9% 06 =7 -8 138 va k)
DATA(1} = DATA{)) ; DaTaq) S0 3% C D10 98 95 M5 02 114 A& tm4 145 US [) :
{ RDY&USY ACR et 2 37 T1 Clv 29 $6 N2 03 118 PE e3E 1 43 .C
OWN@ ; OIN®) | DATAO() | DATAOM ; DATAOM , 23 2 & T2 Bt 00 87 N2 06 119 A3 130 51 U3 )
J0uT DOUT DouT oouT bout 3 83 89 73 Ca S8 M3 ' 07 120 N4 31 152 V2 [e) .
COLK( ; COKIOl » COK(O) —CCLK(O)  CTikQi D 34 %0 74 A2 39 P 108 21 52 "= 55 w2 Cxim
1 Wo 1 AD a0 ~ 51 75 =C 5 2 M2 1t 24 @2 -3t &1 T3 vQ
voesew T ar a 2 32 7 3% 3 IONL 192 128 M3 t3e a2 wh IS
a2 a2 3 63 T A0 s 5 L2 “nS 128 P ted 185 ' A2 0
= A3 a3 2 54 8 A$ 3 é L1 118 129 At 41 156 ' Te 1
At5 215 55 81 86 'z F &1 119 32 e i€ T2 N2 5
) e 24 5 & & 87 3 0 R ,'20 133 12 127 73 M4 0
M Ala atg 3 €7 83 av .3 -1 MY 123 1 <2 °s) 78 s WO
A3 15 T 68 B4 CT s @ M2 126 137 Ky &y g (2 1)
A3 £33 ¥ 2 2 A8 kit e 128 4y w2 156 ‘64 K3 [Re]
- e AL~ A 24 K 3 .83 A -8 5 GY 129 42~ ST 185 i
i R . A2 ar? R I3 < &8s 9 -6 2 X ra? €2 4a 3R > 0
- - Cetmm e e AT A2 ‘2 5 - 5 <5 20 17 €1 134 + 148 1 3] w5 153 1 Ga o
AN Aty 8 5 6 A3 23 N 01 137 T s O1 6% 99 ' Fa o
A8 48 " 7 9 42 24 .2t D2 138 152 Ci1 170 290 €2 0
A0 230 15 3 10 83 25 22 B1 41 &8 €3 73 203 ! €3 L)
A9 a9 ‘€ 8 11 E3} 26 26 cz 142 15¢ c2 17 204 81 o
- N . < . ANl Others
X X X X . XCIx20A etc.
¥ X 3 X %X X 3 XC2430A exc
X a X X x X XCQIAZAQ::
5 Xt X X XCIx64A e
X 3 X X x X XC3x90A etc
Notes: X X X x XC31954
Generic /O pins are not shown,
Foraoewleddampﬁono(meconﬁgumnmmmoagoslomroughoagcsls.
For pmout details, see page 327 througn cege 338
- Reoresents a 50-kQ 1o 100-K12 ouit-up Setors anG ounng conhguraton.
N iNIT is an open crain output dunng conhiguraton
U] Represants an mput.
- Pin assigrument for the XC306<A, XC30904 a0 2231934 ofter from those snown
e Pmmmmgelmumumwnmmow
hadnd Pin assgnments lfor the XC3185A PQ208 aner trown Pose shown,
Pin agsignments of PGA Footonnt PLCC socxets ang PGA packages are not indentcat,
mmmmmuwsmucmmm.mmmww.mmmmm
Note: Before and during contiguration, ail outputs that sre not used for the configurstion process are 3-stated with a S0-kW to 100-kW pull-uo

resistor.
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XC3000 Series Pin Assignments

Xilinx offers the six different array sizes in the XC3000 fam-
ilies in a variety of surface-mount and through-hole pack-
age types, with pin counts from 44 to 223.

Each chip is'offered in several package types to accommo-
date the available PC board space and manufacturing tech-
nology. Most package types are also offered with different
chips to accommodate design changes without the need for
PC board changes.

Note that there is no perfect match between the number of
bonding pads on the chip and the number of pins on a
package. In some cases, the chip has more pads than
there are pins on the package, as indicated by the informa-
tion (“unused” pads) below the fine n the jollowing 1abte.
The 10Bs of the unconnected pads can still be used as
storage elements if the specified propagation delays and
set-up times are acceptable.

In other cases, the chip has fewer pads than there are

pins on the package; therefore, scme package pins are
not connected {n.c.), as shown above the line in the foliow-

ing table.

Number of Unbounded or Unconnected Pins

Number of Package Pins

Device Pads 44 54 68 84 100 132 144 160 175 176 208 223
3020A 74 — — 6u lwnz 26nc.  — — - — - - -
303GA 98 S4uy 34y 3Bu 1Ly ;. 2nc — — — - — — -
3042A 118 Y > — 34u  18u jlnc. 26nc  — = X - —
3064A 142 1y YRR e/ Nouwr yZNEad~NE Ay — -
3090A 166 - —_ — 82u — - —_ 6u 9nc 10nec. 42nc. —
3195A 198 - — —a | = — = {87 _ onc 25nc
r.c. = Unconnected package pin
u = Unboncec device £ad X7066
Number of Available /O Pins
Number of Package Pins
MaxVO | 44 | 64 68 | 84 1100120 | 132|144 | 156 | 160 | 164 | 175 | 176 | 191|196 1208 1223 | 240
XC3020A/XC3120A| 64 | .sslestes| i | oy v b
XC3030A/XC3130A| 80 | 34 | 54158 74]801 pood b T S B
XC3042A/XC3142A| 96 : 74 | 82 | ‘ 619! A N
XC3064A/XC3164A | 120 ' 70 | 1101 110] ]120' oo
XC3090A/XC3190A | 144 ! ' 70 | | P20 138 {144 [ 144 | 144 S TV R
XC3195A 176 ' w0 ¥ &5} bohegl a1 rsiirel
aoe?
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XC3000 Series 44-Pin PLCC Pinouts

XC3000A. XC3000L. and XC3100A families have identical pinouts

Pin No. XC3030A
1 GND
2 10
3 /0]
4 o]
5 1]
<] VO
7 PWROWN
8 TCLKIN-I/O
9 i
10 Rrie]
1 110
12 VGC
13 VO
4 o
15 170
16 M1-RDATA
17 MO-RTRIG
18 M29i0
1S HDC-i/O
20 LOC-/O
21 ho)
22 iNIT-/O

Pin No. XC3030A
23 GND
24 o]
2% He]
26 XTL2(IN}-1/O
27 RESET
28 DONE-PGM
23 1o
30 XTL1OUT)-BCLK-I/O
31 e}
2 1o}
33 0
34 vCcc
35 e
36 He)
37 fe]
38 CIN-1/O
38 DOUT-/O
20 CCL
41 G
L5 0
43 1O
44 11O

Penpneral moce and Master Paraiiel mode are not supported in the PC14 package




122
2 XILINX

XC3000 Series 68-Pin PLCC, 84-Pin PLCC and PGA Pinouts
XC3000A. XC3000L, XC3100A, and XC3100L families have identical pinouts

68 PLCC ' ' 63 PLCC |
XC30204, XC3030A, XC3030A ° 84 i
XC3030A XC3020A XC3042A 84 PLCC 84 PGA XC3020A ' XC3020A, XC3030A, XC3042A  PLCC 84 PGA XC3020A!

10 10 PWRON 12 82 a4 RESET 54 Ki0 ; 44
1 1 TCLKINAO 13 c2 £ DONE-PG 35 J10 45
12 —_ oy 14 81 46 o740 56 Kit a6
13 12 [T 1 .+ Ct a7 XTLUOUT-BCLKIN-/O vo57 0 it ey !
14 13 o] 16 D2 48 D6-0 58 410 , 4§
. - e} 17 01 — e} 59 H11 -
15 14 10 18 E3 <9 D5-1/0 80 £10 19
16 15 [ize] 19 g2 0 C86-10 61 G0 ., %0
— 16 s} 20 E1 51 D4-¥0 62 G11 31
17 1 o] 21 F2 — [le] 63 G9 -
18 18 veC 22 F3 32 vCC 54 Fo 52
19 19 0 23 a3 33 03-10 85 F1t 53
- —_ 0 24 Gt 34 5140 55 Enn T 34
20 20 e 25 G2 35 0240 67 £10 55
— 21 e} 26 £3 - [ie) 68 B
21 22 G 27 H1 - 20" 69 p1t - —
22 - c 28 ~2 56 S-S 70 010 56
23 23 [Xe] 29 N 57 2ev-gUSY-ALX-10 7 c1 57
24 24 [£3) 20 <1 38 £0-DIN-¥O 72 811 58
25 25 s11-RDATA 3 w2 39 Z0UT-C E C10 33
26 26 140-RTRIG 32 L1 §0 CCLK 74 AN 60
27 27 M2-40 33 K2 51 A0-V75-iC 7 810 81
28 28 “DC-0 3 <3 32 11-CS2-10 76 39 62
29 29 e} 35 i) 83 az40 ¢ 7 A0 33
30 30 .0 36 L3 54 2340 B A9 64
- 31 [te} 37 K4 - Lo} 79 88 —_
— [Be} 33 4 - e 80 A8 -
2 32 [£) 39 Js €5 215-40 81 a6 &5
32 33 [7e) 20 X5 B 440 to82 87 66
33 - vo* a3 [ 67 21540 83 A7 57
24 3 fingtel 22 K§ 58 ASL0 84 c7 58
35 35 GND 23 46 1 GND . cs 1
36 36 o) a4 57 2 __A1BVO 2 A5 z
37 37 [%s) 25 L7 3 A6-10 3 AS 3
36 38 O &6 K7 4 A0 a 85 2
39 39 [e) a7 Ls 5 A7-10 s cs 5
— 40 [tte] 48 L8 - vO* 6 AL -
— 41 ['s] 49 <8 - vo° 7 B4 —
20 vo° 30 19 B AV1-40 [] A3 6
41 [} 51 L10 Em—— AB-VO 9 A2 7
42 2 o) 2 , g B A0-VO 10 83 8
43 43 XTL2(IN}4O 53 [R3] 3 AZ-L0 1" Al 9

Unprogrammed 10Bs have a cefauit puil-up. This prevents an undefinead pad level for unbonded or unused iOBs.
Programmed outputs are gefautt slew-rate limited.

This table describes the penouwts of tree different chips m three criferent packages. The pin-description column lists 84 of the
118 pads on the XC3042A (ang 84 cf the 98 pads on the XC3030A) that are connected to the 84 package pins. Ten pads,
indicated by an astensk. do not exist on the XC3020A. wruch has 74 pads: therefore the corresponding pins on the 84-pin
packages have no connectons to an XC3020A. Six pads on tne XC3020A and 16 pads on the XC3030A, indicated by a
dash (—) in the 68 PLCC cotumn. nave no connection to the 68 PLCC, but are connected to the 84-pin packages.
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AC3000 Series 64-Pin Plastic VQFP Pinouts

XC3000A, XCZ000L, and XC3100A families have identical pinouts

Pin No. XC3030A Pin No. XC3030A

1 AO-WS-i/O 33 M2-1/0

2 A1-CS2-1/0 34 HDC-/C

3 A2-4C 35 %8}

4 A3-1/0 36 LDC-o

5 A4-i10 37 [Ze)

6 A14-1/0 38 e)

7 A5-1/0 39 110

8 GND 40 INIT-1/0

9 Ai3-//0 41 GND

10 A5-1i0 42 i7s)

11 A12-1/0 13 0

12 A7-/0 a4 1o

13 A11-1O 25 10

14 A8-1'0 16 110

15 A10-1/0 47 XTALZIN- C©

16 A9-HO 28 BRESET

17 PWRDN 49 DONE-EG

1 TCLKIN-VO 59 D7-1i0

19 110 51 XTAL1(OUT)-8CLKIN-I:O

20 110 52 D6-1/0

21 0 33 D5-1;0

22 e} 34 CS0-1/0

23 %) 35 D4-1/0

24 vcc 56 vCC
25 0 57 D3-1/0

26 o 3 CS1-110

27 110 59 D2-10

28 I7s) 80 D1-10

29 Vo 81 RDY/BUSY-RCLK-¥O

30 Ts) 62 DO-DIN-I/O

31 M1-RDATA 63 DOUT-C

32 MO-RTRIG 64 CCLK
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2 XILINX

XC4000 Series
Fieid Programmable Gate Arrays

July 30, 1896 (Version 1.03)

Product Specification

XC4000-Series Features

Note: XC4000-Series devices described in this cata sneet
include the XC4000E, XC4000EX, XC4000L, znd
XC4000XL. This information does not eoply 10 the clcer
Xitinx families: XC4000. XC4000A, XC4000D or XC2005H.
For information on these devices, see the Xilinx WEBLINX
at http://vww.xilinx.com.

. Third Generation Field-Programmacle Gaie Arrays
. Select-RAM™ memory: on-chip uitra-iast RAM with
- synchronous write option
- dual-port RAM option
Fully PCl compliant (speed grages -3 anc faster}
- Abundant lio-flops
- Flexible function generators
. Dedicated high-speed carry iogic
- Wide edge decoders on each edge
- Hierarchy of interconnect lines
. nternal 3-state bus capaoility
- 8 global low-skew clock of signal distribution
networks
« System Periormance to 66 MHz
« Flexiole Array Architecture
- Systems-Oriented Features
. {EET 1149.1-compatibte boundary scar logic
support
- Individuaily programmable output slew rzte
- Programmable input puli-up or pull-cown fesisiors
. 12-mA sink current per XC4000E output (4 mA cer
XC4000L output)
« Configured by Loading Binary File
- unfimsted reprogrammability
« Reaghack Capability
« Backward Compatible with XC4000 Devices
- XACTstep Development System runs on 386/ 4867
Pentium-type PC, Sun-4, and Hewlett-Packard 700
series
- Interfaces to popular design environments
- Fuily auiomatic mapping, placement anc rouling
. Interactive design editor for design cptim:zaven
- RAM/ROM comgiler

Low-Volitage Versions Available

« Low-Voltage Devices Functicn at 3.0 - 3.6 Volits

«  XCA000L: Low-Voltage Versicns ot XC3000E cevces

. XCA4000XL: Low-Voltage Versions of XC2000EX
devices :

Additional XC4000EX/XL Features

. Highest Capacity — Over 130.00C Usabte Gates

- Additional Routing Over XC4C00E
- almost twice the routing capacity for high-density

designs

« Buifered Interconnect for Maximum Speed

« New Latch Capability in Configuranie L.cgic Blocks

« Improvea VersaRing™ VO Interconnect for Better Fixed
Pinout Fiexibility

« Flexiole New High-Speea Ciocx Network
. 8 additionai Early Buffers for shorter clock delays
. 4 acditional FastCLK™ buffers lor {astest clock input
- Virtually unlimitea number of clcck signais

«  Optional Muitipiexer ot 2-input function Generator on
Device Outputs

« High-Speea Paraifei Exprass ™ Configuraticn tMode

« improved I-O Setup and Ciock-t0-Output with rasiCLX
and Global Earty Bufiers

. 4 Additional Acaress Bits in Master Parailel
Configuration Mode

introduction

XC4000-Series high-performance. high-capacity Field Pro-
grammable Gate Arrays (FP3As) provide ihe benefits of
custom CMOS VLSH wnile avoiding the ytial cosi. long
development cycle. and inherent risk of a conventional
masked gate array.

The result of eleven vears of FPGA desicn experience and
feedback from thousands of customers, these SPGAs com-
bine architectural versatifity. on-chip Select-RAM memory
with edge-triggerea and dual-port modes. increased speed.
abunadant routng resousces. and new, sophisticated soit-
ware to achieve fully automated impiementaticn of com-
plex, hign-density, high-performance gesigns.

The XC4000 Series currently has 19 members. as shown
in Table 1.
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XC4000E Switching Characteristics

Definition of Terms

In the following tables, some specifications may be designated as Advance or Preliminary. These terms are defined as

follows:

Advance:

Initial estimates based on simulation and/or extrapoiation from other speed grades, devices. or device

families. Use as estimates, not for production.

Preliminary: Based on preliminary characterization. Further changes are not expected.
Unmarked: Specifications not identified as either Advance or Preliminary are to be considered Final.’

XC4000E Operating Conditions

i Symbol Description Min ! Max : Units |
Vee Supply voltage relative to GND. T, = -0 °C to +85°C Commercial 473 325 + V
Supply voltage relative to GND, T;=-40°C to +100°C |Industrial 45 {+ 55 ! v
Supply voltage relative to GND. T = -55°C to +125°C |Military 45 | 53 | V
Vi High-fevel input voltage TTL inputs 20 | VYec 1V
CMOS inputs 70% } 100% | V¢
Vi Low-leve! input voltage TTL inputs " G ;i G.8 A
CMOS inputs i 0 1 20% | Ve
Tin Input signal transition time (Note 2) ! i 250 ns
Note 1: At junction temperatures above those listed as Operating Conditions, ail delay parameters increase by 0.35% per -C.
Note 2: Typical vat