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This thesis is present implementation of ten order FIR digital signal processing with

FPGA devices. The system consised a ADC, DAC EPROM and signal processing unit (FPGA,),

The specification of filter, it use sampling frequency is 8 kHz and, operate frequency is 4 kHz. It

can change cut off frequency by changing coefficients data in EPROM. Experiment measurenents

using this design methodologics as well as digital simmulation in the view simmulation program.
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y(n) = x(0)h(n) + x(DA(n-1) + x(D)h(n-2) = ......

y(n) = ix(m)h(n -1 (2.12)

m=0

1o @ A " oA =1 [~{ o oy
d1lus18a71 x(@) SN n =0 Aoz IdTuaumsialdveswaneuvesssuy

y(n) = Zx(m)h(n—m) (2.13)
m=-~0
v 4 [] v
y(n) 714HARD magunslszan (Convolution) uuy lirerileulueaiodaydnyel

14
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y(m) = x(n=k)h(n—(n-k)) (2.15)
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A 3 [y T = gt T s}d’l a =§ o 1
Joulusresauyatuudssannsaeiieldiwni laglditenlviioes efivend
v 1 o A v : 1 R
h(n) sedoegiingaudiiie n Ianntu niedesasluszuunuyludumgnan (Anticausal)

a va ! At [~ 4 ' 4 ' o °
Tumal§iassuudinlngfs lfiduszvfiadosuaszuui liabesalinisinnls
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g x(m)=0 i x<0 (2.18)
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h(n)=0 # n<O (2.19)
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szvudhunuy hidumanamndeiie

h(n) =0 # n=0 (2.20)
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2.18 NYUUATHANMIVDI FPGA,

Y
2.18.1 Tassaramely
Qd"q a o a o4 o awv A1 @ o Yy Y o aov o

2995570yl atnaa Tasusen ledengutuusinhsiudwihnisaunnuuSEneu
o d ot o i {
Bl ovvn) a$ailuezisdnilsenaudsnasiuau 600-25,000 e Tumsied 2.1 mMhdes

& o YY1 4y v ¥

venvuIaveeNessaiiudunamszes 18 vavesasesi ldeenuuy e

TusunsuaIuu99559L FPGA, Tanselu

] y
M3 2.1 MINUAAYBUNANRUFIY

FPGA, App.Gate Max I/O Flip-Flops RSM 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
XC30903190 7,500 144 928 0 320
XC3195 9,000 176 1,320 0 484
XC402A 2,000 64 256 2,048 64
XC4003/4003A 3,000 80 360 3,200 100
XC4003H 3,000 160 200 3,200 100
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[ ¥
Mai 2.1 (AB) MIHUNAYDUNANUIU

XC4004A 4,000 960 480 4,608 144
XC4005/4005A | 5,000 122 616 6,272 196
XC4005H 5,000 192 392 6,272 196
XC4006 6,000  *|128 768 8,192 256
XC4008 8,000 144 936 10,368 324
XC4010 10,000 160 1,120 12,800 400
XC4010D 10,000 160 1,120 0 400
XC4013 13,000 192 1,536 18,432 576
XC4025 25,000 256 2,560 32,768 1,024
(NAIIR2 ¥318819i0m NAND2 #38ina NOR2)
Gate Equivalente gate count Gate Equivalente gate
count
INV 1 RS Land 3
NAIINR2 1 D tand 4
NA/NR3 2 D t1ans with CLR 5
NAIINR4 2 D 1N with PRE 5
NAIINR6 5 D {1an with PRE/CLR 6
NAIINRS 6 DFF 6
NAIINR9 7 DFF with CLR 7
NAIINR12 8 DFF with PRE 7
NAIINR16 11 DEFF with PRE/CLR 8
BUFF 2 JKFF 9
ANIIOR2 2 JKFF with CLR 12
ANIIOR3 2 JKFF with PRE/CLR 13
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All User 1/O Pins 3-stated with High impedance Pull-Up, HDC = High, LDC = LOw

INT Output = Low

g

Initialization
Power-On
Time Delay

Power-Down
No HDC LDC
or Pull-up

PWRDWN
Inactive

PWRDWN
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M3 19 T1151n5u1an Cockpit

%ﬁ[ﬂ Workview PLUS Cockpit
B Project Library Process Config

Selected Tool ViewSim Z ﬂ -
Current Toolbox [Altemate I
Current Drawer  [Digital Circuit Desi | ViewDraw  ViewNav
Project Type [Viewdraw | a
Current Project  [C:\project | lg
3 ViewPLD vsm ViewGen  vhdl-=sym
Current Library lc;\pmiect ] Et]
L*

31 3.14 Mi1A19U932995 AN Cockpit

-msadaldsidn 1Wa 18 1Ray Project Create Mamisnanuiy wiold
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project Path Name NIN1TWUN Project file

Create Project

Project Path Name:| c:\projecq]

Cancel’
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=| Search Order
Type Directory Library
'Primi CiNproject
Megafile c:\proser\unif ied\xc4000 XC4000
Megafile c:\proser\unif ied\xc3000 RC3000
Megafile c:\proser\unif ied\xbhlox ¥blox
Megafile c:\proser’\unif ied\xc?7000 XC7000
Megafile c:\proser\unif ied\xc2000 ®C20008
|Ho gafile c:\proser\unif ied\xc40000 xc40080
Megafile c:\proser\unif ied\xc5200 RC5200
Megaf ile c:\proser\unif ied\xbuiltin Rbuiltin
Megafile c:\proser\unified\builtin builtin
[ ok | [ Edi.. | [ Append... | Insert Before... I Delete | [ cancel |
Type Directory Library
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31 3.16 M3AAAI Library
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ABNT View Draw Tunil 1619989 Workview Plus Cockpit iaimsdieae Ianazimsada

Schematic ﬁﬁgﬂﬁ 3.17

Enter the command line:

[VIEWDRAW -sch| ]

51 3.17 m3sade Schematic
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Enter the command line:

VIEWDRAW -sym
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All delays scaled by 1.

Reading VHDL entity file c:\proser\unified\xbuiltinYBEHV\XFSHRE.VLI ...
Reading VHDL package file c:\proser\standard\vhdllibs\std\standard.vli ...
Reading VHDL package file c:\proser\unified\xbuiltin\BEHV\XTIMING.VLI ...
Loading VHDL entity XFSHRE ...

Reading VHDL entity file c:\proser\unified\xbuiltin\BEHV)\XENABLE4.VLI ...
Loading VHDL entity XENABLE4 ...
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100 digital modules processed.
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Total of 146 digital modules were processed. *
SIM>clock ck 0 1 §ii
SIM>h clr
SIM>h ce

SIM>vector in lin[7:0]
SIN>vector out ‘l.cu.u:[7:0]A

SIM>a in 00001111

SIM>wave LATCH.wfm ck clr in out
SIM>sim

Simulation stopped at 100.0ns.
SIM>1 clr

SIM>sim

Simulation stopped at 200.0ns.
SIM>cycle Y

511 3.24 Msimuamsmhauvednday g
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Design Migration from XC4000 to
XC4000E

KAPP 082 Ccscer 15,1685 {Version1.0)

Aogiication Note ty Lais Carver 2ng Marc 3axer

Summary

The XCACOCE is an snnancsq arcnitecsura basag on the XCCCO famuly, sut ¢fars many new ‘2arures, zaricuianty Saiecs-
RAM™ memory. Ahen ccnverting XC£000, XC2GCOA, AC-+0000. and XC+000H designs, the XC20C0E is an 2xcailent
choice. The csaversion gitcess ma3y be as simple as downloading the same bitseam into the XCL0008 devica (XC4000

and XC40000 bitsirzams onty), or it may invoive changes

to the schematic ¢r HOL 2z3ce. This Aoniication Note descrizes

‘2cniques at snouxd be empioyed to convert fom any cf the XC+000. XC=0C0A. XCA0GD. cr XCCCoH Zmiiles 0 the

AC400CE amuiv.
Kilinx Samity
£c-ogos

[ptroduction

Some variations cf the XC100C iamuiy zre no longer racam-
mended for new cesigns. These inciude the XC1CQ0 stan-
dz‘rd ‘armily, XC£00CA. XC-£0000. ana XC4CO0H {referred
opin this aoplicaticn acte as ke oider XC4000 Smulies).
Tiese fave been sucersecea by the newer XC-<G00 Series
2milies.  wnicn  nciuge the  XC40COE,  XC-000L.
XE+500EX. 3na XC4000XL Smifies. Cesigns in ifa cider
versions of the XC2CGO zan e coavered '3 ‘he new
AG4000 Sernes. in scme. cases. sericwany for XC40000
Zesigns or other desians not inciuding RAM. the XC3200
famuly shouid be considerad for its lawer C3Ist, Far a discus-
sion of converting XC<000 famiiy cesigns o the XC35200
amily, ses the Xilinx applicadan note XAPPOS0, *Qesign
Migradan from XC4000 to XC5200°

Taléle 1: Comgarison of Features in XC4000 Families

Demonsuates

“acnniques or rmigrating XC20C0 cesicns ¢ the AC+CQog
arcarecsure

Converting an cider XC2000 cesign 10 an XC40C08 design
Ay of may not require schematic ctanges, Zxcegt r cer-
tain /O caoabiiities, -he XC:000S ircntecure offers 3
sucerser of the arcaitecural f2swures in the cier XC2000
{amiiies, in sadiicn o many new 2anancements, (See
“zdie 1.} Therefore. if none of t=e scacai /Q ‘2atures in the
KC-CCOA or XCCO0H zre usad, he conversian cacomes
merely a maner of setecung tie XC-0COE scesqgrage that
will give comzcaranie cerormance. 3ng recomotling the
design largetng the ssiecieq cevice, i re@rgetng an
KC4000 or XC+0000 cesign. in S, he XC3I000E can
acuslly ascceot the- anginar Sitsweam. XCQQCA and
KT200CH designs must ba feccmotiec.

L_E | AC2000 1 XC4000A i XC4000D XC4000H | XCL000E
:Output Drive/Pin (maA ) | 12 i 24 i 12 ] 2124 | 2
b : ;. Fast Slow, i : g .

: : : > bl . 1 SorEdge/R i -
lOutput Slew Rare | Fast Slow | Meqium Fast ¢ Fast. Siow | SonEdge/Resistve Fast. Siow

Options ! ; . S : : ioag

i ‘ ! Meqium Siow | ! .
IRAM: i Yes Yes ; No ; Yas ; 7as
il/O Regiszers. ; Ves ; Yes Yes ; No. Yas.

Inolst Threshoics ilonty i TiLomy ! 1L sny Tl or CMOS. per /O] T7L or CMOS. Giotat
,Qutput High Lavels vilomy ! TiLany i Tikonly  :TiLor CMOS. per 0| TTL or CMOS. Giapai
gWida Edge Decaders ! . i 2 ! 4 [ “ .
i(pet edge) o ! '

:Sored Grades LA, -5, S.-5.~ 1 4..5 4 3. -3 i -.-2..2
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Enhancements

The XC=0CQE effers a numbper of architecural imerove-

ments 0 fie XC2C00. Althcugh the simolest conversion

sath uses cniy the rescurces provided in e originaily @ar-

geteq oicar XC-GCO cavice, 3 cesign can te aitereq o iake

savantage cf these faawures if cesireq.

+ PCl Complianca: Sully cemg!
ana izster.

iant {or -2 sgeed graces

+ Selec:-RAM Memory: In additicn to the XC4000
medes, RAM can now te conrigured or syncaronous.
2qge-riggered Write operation cr for cual-oort RAM
with simuitaneous Reac/Vrite. Alsa, XC£000E RAM
<3N new te conrigureg with user-dedned initiai vaes
&t power-uo,

+ increased System Speeaq: Imorovemenrs :n hoth
Zevice processing ana sysi2m architecture resuit in
£al1 pertrmance ceneits that may have sxcnmcanr
impax on the ctical paths in a design.

+ More Flexidle H Funcdon Generator: Adcitionai
inouts gives s rascurce the capaoility of baing sither
nartially cr iuily incependent of the cther two iuncdon
generators, increasing the logic cavacity and routability
o the gevice,

»+ !nzut/Qutnut Block (108} Clock Enadle: /O fio-Acos
rave c:ocx enaples, making them more usetui it many
soplications.

+ increased Globat Accass to F and G Function

Generators: More funciion generator inouts are
avariaole o giobai routing resources. increasing
fexioility and perormance.

w03 Threshoid Caomparibiiity: Soth inoucs and/ar
cutzuls can te giotatly programmed for CMCS
thrasnoid comoangiiily.

* Increased Carry Logic Speed: The speed of the carry’

logic cnain nas increased dramaticatly, dousiea in some

cases.

+ SoftStartuo: When the conniguration crocess is

complers. oumuts programimed for i5st slew-rate
soeration are inftiaily keot slow, avoiding grouna-
tounce oredfems wien ail the outnuts are switchied on.

Connfiguradon Pin Pullup Res_mf_q_cs‘ Ouring.
configurarion. the three moce oins, MO, M1, 2nd M2.
havé weak outl-uo resistors. The effecs en convertag
sesigns is agiscussed in “‘Csnriguraton” cn cage 2.

Design Guidelines & Considerations

Because the XC+CCOE is a supersat of *he alder XC-000
architeczure: migradng a design from one of the cider @mi-
iies ta the XC4GCOE is rafatvely sTaIgnTorware. The follow-
ing issues may need o ce sccresseq.

Configuration

The XCL000E can te ccniigurea using Uie same tisTezm
as an XC<000 cr XC=0COD ceavice, or the cesign can Je
sitered and recompiied ‘o izke sqvantage of some of the
new features avaiiacle in te XCLO0OCE. XC=20COA ang

C-000H aesigns must te recomuiied, ‘argetng e new
device.

One of the new ‘eatures in the XC2OQGE is e aaditicn nf
weak {30 kQ) sullun resistors © the ccatfiquration meae
Jins. These internal resisicrs make it cossitle to configure
in Senal Siave mcae (ihe mecst ccmmon contiguration
mece) withcout the sadition of any 2xternal resistors. Qlder
XC2000 ‘amilies did not inciuce thesa suilug resisiors.
‘herefore a nigh-value putl-acwn resistor was accevtable to
2staolisn a Low vaiue cn any of these inouts. The XC+000S
‘equires a resistor vaiue of less than 7 XQ to rziiaofy gener-
sie a leqgic Lew on the inout.

‘When -:::nvez‘fng fom zn ader XC20GO zavice o0 zn
RC3000E, checx :he cesign for sutkaewn rasisior vaices
3nd change them. i necassary, to ¢ 7 XQ resistors. esis-
Cr values atove e recommended !svel may arevent tha
AC+000E irom crocerty cantigunng.

Footprint

Older XC40G0 and XC000E cevices are foowrint compat-
ible-for every commion package. All conuo! pins, coatigura-
fion pins, and power pins are-in the- same locztons. 'n
generzl, no board re-iayour is necessary when reotacng an
XC4000 devica with an XC400E.

An  excepton: ScUr witen canverdng frorm an
AC400%A or XCZ000H o an XC4000E. in these Tznsw-
tions. the design is maved from a device-with a maximum
24 mA sink current (0 one with a maximunt 12 mA sink cur-
r2nt. and it may be necessary to spiit the ioad acTss wo
outputs. '

e
Lyt

Design Performance

The XC+COQE is avaiable in -¢. -3 ang -2 sceed graces.
Consequenty, the issiast XC4COCE is sicnficanty aster
nan any of the cider XC<CC0 famniiies. However, when con-
vering an existng dssign. it is reccmmencea that an
ACS0CCE speed grave.twe grades =star than the criginal
aesign be used for the initial comeiauon run. The-resuming
desicn should then e tasted using XDelav, the- Timing
Anaiyzer, or tmung sumtlagen, 0 verty funcsonaiky at e
‘2quired sceeqa.
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The r2ason or the recommended speed grade cnange |
that the XC+Q00E is optimizad %r 5 threa layer matat pro-
zess and a higner overall sysiem tavel performance. et e
23 ingividual scecHicaton. Althougn the majormy of scec-
“icadons are fasier in the XC4CA0E *han in any of the oider
KC-CQ0 ‘amiies. 3 f2w parameters are sicwer. The recom-
menced aoproach shouid resuit in a sucsessiui canversion
‘or the vast majonty of designs.

ARer this irst pass, & may se oossible to. use a slower
soeed grade. The cest way {0 ensure dat design peror-
mance will te metin the XC4000E is 10 use XACTPerfar-
mance™ to cafne the iming requirements of e casign.

70 piace this suggesdorm in persoecive. 20% of designs
$0w equai or tetter cerformance in an XC-0COE with the
same sueed grace as e originai design. This consarva-
ive 2pproacn is reccmmenced ‘o maximiza ihe zhance
:hat 2 given design will meet He requirsg Uming. See
‘Reserting Perormance 3t Varous Scaed Graces” on
23ge S for a quick methied of gvaluaing the oendrmancs of
3 single routed cesign in savecal cGiferent soeed graces,

Development System

The XC4000E s sucooned %y the same XACTsizp™
~evelcpment sysiem and uses the basic sofware t90is at
5UopOT the oider XC<Q0Q famiiies. A new XC<000E fiorary
7as Seen aaded o the sat of Unified Lidraries io support
‘he arcaitecturai features of the XC400CE,

A sottware version tat supporis the XCL0Q0E must he
used. Users who nave ucgraaed {0 at laast the 5.0.1 (Win-
2ows) or 5.2.1 (DOS and UNIX) versions of XACT siep have
he XC4Q0QE iibrary eatures and the necessary ptace and
oute wots. Otherwise: contacs the locai Xiling saies feora-
santatve-for the-avaiiaoiitty of the most recent upgrace.

input/Output Pads

Fer XC2000A and XC4000H designs. the gifizrence in 11O
capabilities may affec the corversion to an XC4000&.

XCR000A to XC200E

XC4000A YO have 3 24 mA ouput drive, wnile the
RC<000E ras ony 12 mA. ‘Where-3 24 mA drive is
requirad, use wao omns tied tagether o double the drive. Add
the FAST parameter wnere soeed is important

AC4000A VO allow *wo aqditicnal siew a2 cotons,
Medium Fast (MEDFAST) ana Mediunt Siow (MEDSLCW),
These parameters. if used in an XC-000A design. wiil neea
0 be-cnangea to FAST in the XC4000E versian to achieve
higner<han-defautt sceeaq. N

XCL000H to XCL000S
RC+300H cevicss.have a higner /O count than the-corre-
sooncing XC4000€E devices, i 3 nign VO count is requirea,

3 larger XC<0GCE davice must be usaa to crovide the.same:
numoer of oins, as snown in Tatle 2.

Table 2: XC4000H Device Replacament Guice

{  XC32000H ' Max_ YO ! XCH0Q0E  ; Max. /G !

L RCQ03H | <80 . ACWi0E . iEm ;
i AC+00zH 2 i XC012E ez

XC+000H YQ have 3 zamum SotSdge. slew—zze oot
that limits drive- to < mA. This is intenaea for capactivery
loaged oumuts. anda czn e seteced with the CAP narame—
tar. The aiternatve is the rasisive (RES) mode. whica
‘ncreases drive 10 24 mA. AC-=CO0H gesigns will neag the
CAP or RES paramerers remaevea ‘wnen conveneg to the
AC+00QE. Acd the FAST farameter wnere soeed is impor-
‘ant. and use wo cins tieq {ecemer 19 coubie the drive to 24
@A i necessary.

eall

RC-000H /O attow sar-din designaton of CMOS er 7Tl
hreshoids ana cumut levess. seleced for 2acn oin using z
CMCS or TTL naramerer (T7TL is derauit). In the XC4600E,
ail inout thresihods have ta same vaive, and ali oumut lev-
2is are the same: artiougn e two ara seleczed incegen-
deatty. f the XC200CH cesign has mixea YO, he
‘ecommended Joproach is o designaia the XC4G00E
inouts as TTL. since an inouz set for T 22n resotve ot
TTL and CMOS levels. The outout 'avai must decenda cn
the destination devices. XC+0004 Zesgns will neeq ‘he
CMCS or TTL parameters ramoved whan ccavernied to the
XC4GCoE.

Migration Methodology

iFnon= of the new features in the XC4000E zre used, 2n
axisting design can be compiied to the XC4000E using the
AC2000 library, whicr suoports ail of the XC4000,
XLA0L0A, XC4000D, and XCAO00H Grfias i c=rgin of
he new f@awres are to te used, new library ccmponents
wiil be required. In this case. it is necessary o change.the
cesign {o- uyse the- new XC-00CE librarias. The feamures
requiring the XC4000E ibrary are:

* Syncarenous (ecge-iriggerea) or duakport mamary
+ lOB dock enables

ihe lbrary alements sucpording these ‘azwres zre
described in the-Uibranes Suopiement Guide.

Secause of the- Xilinx Uniflea Ubrary sppreser. 5 design
San be migrateq between familes witra minimum of erfore
The- migration- methodaclogy iseff is simple, and &ilowing
the guideiines and ccnsideratons orescribea in this agcu-
ment will gready imcrove the succass cithe ragratan.
This secdon describes hcw (o perfomT the: acsrai mgraton
of an XC+00Q design imo the XCL000S forary or three
wire-pary CAE imerfaces.
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VIEWIlogic

Jo

X

.

migrate an  XCL000 VIEMogic schematic 0 the

C-+0COE tibrary, cercrm the follcwing steos:
. Acd the VC-OOOE library o

he VIEMcegic lbrary
searcn cath, ZZit the rawd=aw. ini ile in the crojecs
gireccory ana add the XC-4Q0CE fbrary path so hat it
ippears in viewdzaw.ini before the patn o the
AC2000 liorary.

0 canvert the XC-2Q00 atias to XC4000E. -un aitran. she
VIEMogic liorary atias maintenance program:

alzzam -1 o= =7 xc4000=xc4000e

where xc2000 is the alias assigned to the XC-020

.:orarv and xc2CCGe is he alias assigned ‘s e
C200= fibrary.

Recrocess e <design by ruaning XMaxe or e &

£ngine.

Mentor

To

mugrste an XC-~CC0 Menrtar schematic i3 ihe {CL00GS

iorary, cerorm the foflowing staps:

-
[

. Intar DJesign

inveke. 210 _ZA (it is ot necessary 1o ccen e sche-
matic.

On CA’'s cesktco tacxgrouna ithat is. sutside aof 3ay
schemauc or symool wincows), <3l up the session poo-
up menu with the mousa ouacn cn the fAght ana seiecy
lonvert Sesign

Of the fieids in the resutting dialog tox tesa are the
most rievant

SaiacT

£

A 3IoUp of dasigns fzom oa lisc
1la? Whether you answer “ves” or “2a” *a this ques-
tion arfecs the following field,

name (List Zils = no). The
name ot the cesign to rrarget Csunvers Casign does

not traverse the hierarchly of a scnematc.

Inzar list fila name (Lisc fila = vas), A
ile wnicn lists cesigns. one per line. to retarget. This is
usetful i your cesign nas many lower-2vet scnemancs.

+1IP: A list file can easiiy be created by typing:

1ls

acsz | secl

¥ .2gT comporanc.

:/.:z;—- -_SomDonent.att//g > liscfila

The Ls cammana lists ail MG compcenents within a single

cxrec:...rv The
-3gC_coxoonant. acw ralier. The resut is regirectad to

i

sed command  suics  away the

liscsila

mrem s v o

J—

3.

. ack o

3chamacizs =ama. The name of the schematic model
(the defautt is "schemaciz?),

Save swxzc=i 3ecsuse 3l scnematc
snesrs in Canvere Seaign ara literally re-arawn in
Design Arcnfiees. vou must 300y Chack & Save o
23CT sneet This switch congois whether t6 do this aure-
matcaily. Sy cefaun; this switcn is set for manual checx-
ing because it ailows you to spot Xiling companents that
did not canvert groceny. Use the manual sauing until
YOU are-comiriable with how Canvars Das:i $= WOrks
and you are certain that ail Xilinx components will can-
vert srogeny,

}

Tom Techzolaogy. The device family from wnich vau
cenvertng (e.g., X2iC00). This and thenext Serd

<ase insensnive.

lu 0o

e
e

T2 Tachmology. The cevice family 0 whicn ycu 3sre

converdng. -

O.A f=r ifing out the fieids in the aiatog box ang selecing

“SK” you wiil see Caavert Cesign caing is joo cnrvc:v in
Cesgn Arcnitec,

.Recrocass ihe
Engme.

gssign vy running XMake or the Fiow

Foundation

70

mugrate an XC-CCO Fsuncation scnemstic o ‘he

XC400CE iibrary, serform the following steps:

4
te

15

Select the 2rojecz Trpe oction.from the Marm e,
Change Fami iy, 2az+ ana Speed sertings, as desireq,
2nd cick the Caanga oumon.

Cpen ana save each scnematic sneet macro. 70 do so.
run the Schematdc Sditor and selecs the Cpax optiorn
from the T2le menu. The Open Sheet window ailows
/OU 0 QuUICKly-operT ail project top-ievel sheets ang
crojec schematc macres. [nsoecs the Project Manager
mess3ges for any wammgs ang ermors.

Re-synthesize and uogate all FSM ang HOL macos.
Use-the hierarcny browser in the Projec Manaqer 0
searcn the projec for the macros.

Note: ¥ your project cantins components that ams act
avsilatle in the new systam library, you have to moaity
e projecz so as to oreserve its 7 uncdonality. In the case
<f 3 100 levet HDL oroject. you wiil need to re~synthesize
ihe entre prejecs,

Reprecess the design by ninnmg XMake or the Flow
Zngme,
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Additional Software Tips

Following are some acdional tios that may helo in conven-
Ng 3 design.

Using the Cld Design as a Guide

EAn KXC4000 or XC+0CGCO casign can oe used &s a guide for
}an XC+000E design. Rename the oid casign. for exampte
| S - -

.0 "guide.ica’, and add the follcwing parameter 'wnen run-
sing PPR:

‘suide=guide.lca

.

LAltarnatvely, in the Wingows environmient simoty croosa a
1orevious XC2000 ravision in the Guice Fie ouil-scwn of the
Imoiementaton wingow.

‘Converting a Routed LCA File

J . .
e XCeiay “convart dodon can he useq 0 ransiae a

ssutad XCL00T or XCL800D LCA iile w0 an XC0GAE. The-

Svniax is 35 follows:

gCelay -convert <cesign name>.Jca <gant i sackage>
<new name>.ca

}:Jr axamote, 9 ccnvert 21 XC3003 o an XC2003E. ype:
xceiay ~sorvert oid.lcs 24003E2C34 new.ica

L, . .y

e coaversion utility wiii not aifow you 0 chocsa 2 scesa
érgce ar it ceiay Information into the new LCA ffie. 50 ©
gerform these si@os. un XCeiay again with the Sllowing
B

synax:

t ) .

xcelay -w -u -<new speed> <gesign name>

For examicle:

Xdetay -w -u -3 new.lca

This commang wimes the new speeo grage and deizy infar-
rréau’on intc the file without stherwice changing the cesign.

w m owmoe v e

o

e

e e g lkertio ST

Reporting Performance at Various Sceed
Grades

ADetay can se usad !0 racort gperormance 2t vaticus
spesd graces wrthout <tanging e LTA fla. T2 show e
caiays of the mest crmical cams, <reate 2 snort XDeizsv
report using the follewing commana:

Xgelay -u -<speea> -0 critical.rot <aesign name>

Fer example:

xcelay -4 -2 -3 critical.rot new.ica

This command zroqucas a axt dle cailed criical.rot that
ontains hie minimum worsicas2 cag-ic-serun. Sioex-io-
seluo, ang clock-io-gad values sifowaole for 2z2ch cock in
the cesign. Z¥ecively, this regort zrovides ail e informa-
don necessary 0 avaiuate 'he rerormance of the new
sceed grace.
Alternativary, in the 'Windows anvironment use the Pericr-
mance Summary in the Timmng Analyzer. 3cth XCalay andg
the Timing Analyzer can ziso be used o examine scecfic
sath gaiays in more detail if cesneq.

Additional Information

\f there sre cropiems wrh the canversion srocass, Stease
3ntzc e Xiling Tecnnicatl Suczor sotline ior zssistance.

=mail: hotine@xiiinx.cam (24 hours)
‘loice: 1-300-255-7778 (6:20AM - 32M PST)

FAX: 1-208-378-44472 {24 hours)
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Package-Specific Pinout Tables

PC34 Package Pinocuis

AC200sE
RCL00sL

2in il xC2002E 10062 XCo XC20108
_:x 20022 XC20068 XCQ08E 2G4010L

XC=gos=

AC2010E

Pin 1' XC20E : %C230SL XC2006E XC-Qo8E <Cig1oL
2* ¢ END END 3NC 3N ZNC
22t ICT Vjote} YCT YCZ Y/CC
23 i G A8 G (A8) LT I(A3) 4O 1A8) G (A8)
i iCiA9) WO H{AS) 4O (A% 4O (A9} iG 1A

LC{A10)

YQrA10)

#O LATQY

QO {ATO)

QA1)

PG UATYY VCHATT) BCHATY HCHIATD VO AT
O TATZY cQlA2) FTTA12Y HC A2y O AT
28 QAISY wQIAIZY LCIAYY LC1ARYY  WCHAIS
29 ¢ uC AT DAY 0 iATeY BCIATAY VT A
+C. Q. FioX #G,
Rlctong! 3GCK1 SGCK1 3GCK!
-A1SY A1) {ATSY tATS)
/CC YCC T iCC
2ND ZNO ZND SND
O, Q. "C. LIC”
=ECK 2ETK FECK pletong
LATEY LAY +A18) ATE)
COIAITY QAT HCHAITY WO AT
»0O., T 20, 7ol 4G, Vol JC. Tt
O, CK WC.T3K V0. TCK wC, TTR

0. TS

VC.TMS

W0, TS

«Q

wC

o]

SND

YCC

Qo

0

G

o)

e
(1

2454 O
P45 | e}
Pa7! e}

(o]

o]

Pe8| o]

¥Q

#Q

Peg|

YQ

+Q

Q

2301 vO “C Le) [e] Q0
T} Q. - JQ. iC. ¥Q.

;| 3GCK3 3GTK3 SGCK3 SGCKE 3GCK3
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FEATURES

8-8it Resolution and Accuracy

No Missing Codes over Full Temperature Range
6us Conversion Time

Flexible uP Intertace

2.5mA Maximum Standby Current

Replaces AD7574 with Imoroved Soeed
Available in Die Form

® & 0 5 0 o o

ORDERING INFORMATION '

PACKAGE: 18-PIN OIP ANO SO

EXTENOED
MILUTARY® INOUSTRIAL CCMMERCIAL

INL ONL  TZMPSAATURE TEMPSAATURE TEMPERATURE
Lsa {LS83) -35°CT0+125'C —0°C 70 -35°C 0'CTO «70°C
=242 B ADC303AX ACC208EXK ~0C308GP
23 =72 ACCs088X ADC08FY .
24 272 - ACCa08FP ¥
2Jia =73 - ACCZ08FS fre=.

For Gevices oracessedintotal comenance 10 MIL-370-383, aca 3823 after sant
aumoer. Consuil {actory for 383 cata sneet.

T 8urnun s avalacte cn commercial ang incustnal temaerature range saris
CerQlP. zasuc 012, ana TO-can sacxages, For orcenng iniormation, sea
PMi's Data 8cox. Secuon 2,
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ADC-90g
CMOS MICROPROCESSOR COMPATR g
FASTS-BIT A/DCO

gperauons. This input siructure permuts the ACC-20g 10 be
used as a memory-maoped inout gevice. Depending gq the
control uming waveforms, the ADC-508 is interfaceq like
siatic RAM. RCM. cr slow memory,

The low power consumption of the ADC-308 is aeriv
single +5V supply. A negauve reference voitage must aiso e
supplied. Cptimum accuracy is achieved wnen the reterenca
is at -10.C0V with a low output resistance. For 3 low-cogt
precision -10V/-10.24V reference, ask your PMi sales regra-
sentative aoout the REF-08.

ed from a

witn its on-board comoarator, interface logic, ootionat nternal
clock, and +3V operaticn. the ADC-808 is ihe igear low~cas;
sotution {or microprocessor-casad 8-bit A/0 systems.

PMI's ADC-908 is pin-ana-funciion compatible with he
PM-7374, but offers fasier conversion time ang fasier micre.
frocessor bus interface aming. Conversion ume nas tean
requcea by 60% ana most key timing soectiications, inctuging
cata access ume. START commang propagation Cetay
{twgpo). and reset rime, nave been improved.

PIN CONNECTIONS

[ . Eocno
GENERAL DESCRIPTION veo 3 B ke 18-PIN CEROIP
The ADC-208 is a monolithic CMOS successive-acproxima- or (3] (o & {X-Suttix)
tion analog-to—oxgxta_l convenerj Whep useg :mm a 1.35MHz Ay E:?_. 18-PIN PLASTIC DIp
clock, a conversion time of Sus is acnieved. with full accuracy a0 (T} [1a1 BGSY (P-Suttiz)
over the operating iemperature range. oarims (3 ['31 o0 (Lse)
’ s ko v -]
‘The ADC-208 outputs use 3-state legic. allowing girect con- Ses [ o1 175-;71;:;1.
nection to the Gata bus or system input port. Active-LOW chip s __Ej oo
select {CS) ang reaa/write (RD) inputs are used to controf ail 081 1oy |03
l FUNCTIONAL DIAGRAM
1
|3
i P cux {
o !
|
' i
———0 %

INTERFACE AND
CONTROL LOGIC.

THAEE.STATE
SUFFERS

H QATa QUT
' Sa0—oar
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ADC-308 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-8T /O CONVERTER

Storage Temperature —35°C to ~150°C

ABSOLUTE MAXIMUM RATINGS (T, = -25°C, unless

gtherwise notea) Lead Temperature (Soldering, 10 sec) +300°C
v 10 AGND oV, +7.0V PACKAG

S0 E TYPE (8

10 CGNO V. +7.0V Baloed e uniTs

AC\JD 0 DGND 3.3V, V"o 18-Pin Hermeuc QIP (X) 79 1 ‘T
£5. AD 10 DGND 3V Vg + =3V 18-in Plasiic OIP (P) 70 30 “cw
08, -08, to OGND =2.2V. V5, 18-Pin SOL (S as 25 Kok
[l K BUSY 0 DGNO ~0.3,Vy, NOTES:
53 £5° A: N =20V 1. Digraions are Tener Hor . prover £S0 hanaling precautions
Voo ov —ZOV are racommendced.

REF ' 2. 8, is soecfied for worst case mounting icns. i.e., ©,, i fieq for

Cperating Temgperature Range

-33°Cto +125°C

dsv-ca in socket for TO, CarOIP, P-OIP, ang LCC .aaaqas. e,A is soealfiea
{or cevica sgidered (0 oanted Graunt 0oard for SO and PLCT sacxages.

ADC-208AX, 8X
ADC-Q08EX, FX, PP, FS e nreinenanas
ADC-308G?P

—20°C 0 +85°C
0°Cto +70°C

=+3V, VY = ~10V. Unigolar Configuration, A, . = 43kQ. C. i = 1000F; —20°C =

£t ECTRICAL CHARACTERISTICS vV, P
T, s +85°C for ADC-208EF, 0°C =T, s ,70"‘ ‘or ADC-208G, -35°C = | < +125°C for ADC-308A/B, uniess otherwise noted.
ADC-508
PARAMETER syMecL CONOITIONS MIN TYP MaX UNITS
ACCURACY
Assolunon N 3 - - gits
'.nmqfat N A/E/G Graaes -2 - -2 . Lsa
Nomineanty 3/F Grades =34 - =32
Ditterenual A/EIG Grades e - -3/4
ONL S3
Nonfinganty S/F Graces ~7/8 - -7/8 v
AE/G Geades TA s =25°C -3 = -3 .
1 T, aFull Temo Rangs —.5 - -45
Erro o ’. s3
Gan Error Gese 9/F Graces T, 2 -25°C -3 - -5 t
T, = Full Temo Range 3.5 - -8.5
A/EIG Grages T, = =25°C 30 - -30
- - T, * full Temo Range =30 - -30
Hsat Zrro v, o N mv
Cttset Zeror isE 3/F Graces TA 2 +25°C —50 - -60
T, = Full Temo Range =30 - -30
ANALOG INPUTS
Ressxa:?ca Mismatcn aR, A Dy - - -
Sypgi0 Ay 5
inout Resistanca R;x e 5 - 15 xQ
at\/“= {Note 1)
tngut Resistance Aaoes 10 - 10 a
u aoFs‘ YL
Aeterance Voltage Range Yags Scecaifiea Canversion AcTuracy - =0 - 4
Aeterance Voitage Range Vagz Dagraged Conversion Accuracy -3 - -5 . \4
Rel :
elaranca Current l3em Canversion Comaolete Prior 1o Aesat - - 2.4 mA
{Note 61 =
Nomnal Analog
nout Range
Unigolar Moge Ving - Qe N,E' - v
Siogtar Moge Ving - NVagu0eVaga -
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ADC-508 MICROPROCESSOR-COMPATIBLE FAST 8-81T /A CONVER‘I’E.);;
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ELECTRICAL CHARACTERISTICS at Vap =<5V, Vagg = =10V, Unipalar Configuration, Reyx = 43kQ. C, ,, = 1000F: ~og
< T, £+85°C lor ADC-308E/F, 0°C < T, £ +70°C for ADC-308G, -55°C < T, $+125°C lor ADC-30BA/B, unless otherwise ﬂloted
Continued :

'
——
ADC-308
PARAMETER SYMBsoL CONOITIONS * MIN TYP MAX UNTs
LOGIC INPUTS
i hﬁnﬂGH Voltage v, . 2. _
I RD. C3 Inouts ! - v
E Inout LCW Vottage v
\ RD. CS Inoues * - - 0.3 v
¢ inout ume l o= - - :
RAD. CS thouts b T, = Fuil Temg Range - - 10 aA
tnout Capacitanca c
AD. CS lnouts iNote 5) ™ - - 5 o
} inout HIGH VYoltage, "
i Ciocx lnput w 2e - - v
Inout LOW Vottage. v
Clocx Inout * - - 0.8 v
I innut HIGH Gurrent .
Cisex Inout 1 ) N L 2 ma
tnout LOW Current, . Ty = =25°C 4 = 1
; _C e inowt g Ty = Full Temo Aange - ., 10 2w
§ LOGIC QUTPUTS
I Outout HIGH voitage f
§UsY. 080-7 ‘on Isouacg = *0ur 40 « - v
; L
I Outout LOW Vottage |
3USY, 080-7 o + Ising 3 1.EMA - - 0.4 v
Floaung Leaxage ! Ty = =25°C = — B
y Current, D80-7 . T, = Full Temo Range - > 0 ud
t Fioaung State ¢
I Outout Cacacrtance 2 (Note ) o - ' of
POWER REQUIREMENTS.
Stangdy Current tmn Vag = =475V 10 <5.25V - - 5 mA
I OIGITAL INTERFACE TIMING
I TS Minimum i tapn= :ZS'C 80 - -
j Putes Widzy (Nete 5) < Ta = Tu s0 a3 - ns
T2 = Tuax « - -
P ,
{ Setuo Time (Note &) wsCs [ - - as
R SUSY Loaa = 200F
i T, = =25°C - - 120
*CS w 2USY AT e - - ’
» Prooagation e 4 T tuax - - 150 °
oemy‘:Nou s =2ro 3USY Loag = 100oF i
To = =25°C - - 150
} T F Tuw - - 120
3 Ty = Tuax - - 200
3US 0 70 .
Sewp Time (Notes 2, 5) 95R 0 - = s
8USY 10 CS X
Setuo Time (Note 51 "3sCs 2 - - i

|

—

T -
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FAST 8-8IT A/O CONVERTER

l
LECTRICAL CHARACTERISTICS a: Vo

51‘ < +85°C for ADC-908E/F, 0°C < T
g.;gl/nued

= +5V, VY gz =—10V, Unipolar Configuration, R, , = 43kQ. C g = 100pF; —£0°C

£ < a-/O‘C for ADC-308G, =55°C < T, < +125°C tor ADC-908A/B, unless otherwise noted.

ADC-308
?‘MME'I'ER SYMBOL CONDOITIONS MIN TYP MAX UNITS
[ Cy = 200F
T, = -25°C - - 140
E Ta = Tum - - 00
paa Access Time . Ta = Tuax - - 200
Note 8) nao C, = 1000F as
Ta = -25°C - - 170
Ta = T el - 150
; Ta = Tuax b - 20
g T, =25°C {Note 3 30 -
( pIgzemeed : C
a amD A= v < - ‘
iNotes 3. &) s = Tuax « - 140
T, 25°C 200
LY a— = - i — —
75 10 RO Hotd . > 2T 120 as
" anCSs fa Min - -
Ti Not
ime {Nate d) Ta = Tuax b - 9
v
3 Time Ta ®—25°C 150 - -
Agset T i tagser '-A = e k s
2aquirement (Note 3} Ty = Ful Temo. Range S0 - -
—
] - Stauc RAM Moce
Conversion vime = -
Rote &) Sxtemal Clock R
lNO {CONVERT ! = 1.3SMHZ - - S . K
ROM Moge
4, 5.6
{potes 5.8 Internal Clock - - 7
3§ mGH 0 BUSY C. = 200F
rpoaqau‘on Oetay, . Ty = =25°C - - 300
twaro T o= ns
AOM Moae 2 = Tun -= = 400
Notes 4. §. §) Ta = Tuax - - 300
MQTES:
L For optmum Qain accuracy over the full temoerature range. the source 4, ‘Nhen using the ADC-908 intermal ascitlator, actual conversion time depends
! resistance at pin_2 snouid be keot low. on clock resi1Stor and Capdacitor as weil as temoerature.
1, ln ROM mode. RO RO can go LOW prior to BUSY = HIGH, but must not retum 5. ROM intarface mode conversion times are typically tus longec than

canversion times for other modes, but the ROM interrace mode incluces an
automatic reset in the conversion ume.

HIGH until BUSY = HIGH.
3, Outout toading 100F, A 3k putiuo resistor 10 +3V is used for Vg 0 Hign-Z,

(o Vo 10 Hign=Z. & 2X0 pulldown to GNO is usad. Measured to 0.5V 6. Guaranteed but not tested.

autdut changs,

|
8URN-IN CIRCUIT

] 1 1.l
E 4V et Y530 OGNMO freme

|[[—4

1 @ wQ
OV g Yagr  CLX
3 w txQ
1 — Sare TI A A—
.oy — wn  ——
‘. 13 ¢
(SR v w }
s w 1eeq
agno EUSY
. LT I 1 100 |
) v car 088 p——AAA——
il wowa , @ o |
AN 088 81 b—AAA—se
wxn n o
. AN pes  os2
I ot o o tonn
D 084 o83

2 S e

w

v —‘f_‘L_‘r_i_— XL
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PMI ADC-508 MICROPRCCESSOR-COMPATIBLE FAST 3-8IT I/A CONVERTER

DICE CHARACTERISTICS

10 PMr's Data Book, Secion 2.

OIE SIZE 0.129 X 0.103 inch, 13,287 sq. miis
(328 X 252 mm, 8.53 sq. mm)

10. 083
11. 0B2
12 081

1 Va5

2 Vaer

3. 3ors

4 AN 13. DBO(LS3)

5. AGND 14, ESY

5. DB7(MSB) 1S. RO

e =T 7. OB6 16. CS

e 8. D8S 17. CLK

9. 0B84 18. ODGND

For additional O!CS ordering infromation, refer

WAFER TEST LIMITS at Vog = —3V. Vagz = —i0.CCOV. AGND = DGND = QV, Ty = —25°C, unless otherwise noteg.

ADC-3508
PARAMETER SYMBOL CONDITIONS LMT UNITS
STATIC ACCURACY
Resolution ! 3 Sits MIN
!ntegral Nontinearity INL =34 LS8 MAaX
Ditferential Noninearity ONE =i/8 LS3 MAX
Gain Error - Gesz = LS3 MAX
Offset Error a2 =50 mV MAX
ANALOG INPUTS
Resistance Mismatcn 5 ‘
Boss 0 A g = % Max
t =
nr:-:lx Jesistance Raer 35 all MITIMAX
3t Vagg
I"‘:“B‘ R”’:“"“ I 0/30 <0 MIN/MAX
3t Baps. A
OIGITAL INPUTS
tnput HIGH Voltage X 54 T
at AD, CS Inouts = ;i
lnou_:_l_.Oi Voltage i 0.8 Y MAX
at RD. CS Inouts b3
Inout Current
S <o 1, =1 A MAX
AD. CS Inouts %
Input HIGH Voitage I 24 v MIN
Clock lnput
Input LOW Voitage 0, 08 o MAX
Clocx Inout
"‘C‘T:::S:L(cu"m‘ tig 2 mA MAX
us MAX,

tnout LOW Current )
Cloex tnout =
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PML ADC-508 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-8IT A/D CONVERTER

WAFER TEST LIMITS at Vpg = +3Vv, Vags = —10.000V. AGND = DGND = QV, T, = +25°C, unless otherwise noted. (Continued)

v ADC-208
PARAMETER sYMeoL CONDITIONS LIMIT
DIGITAL OUTPUTS

UNITY

Qutout HIGH Voltage
3usY, 080-7

Qutput LOW Voitage
8USY, 080-7

Vo Iscuace = OuA 4 Vv MIN

VoL Ising = 1.5mA 2.4 ¥ MAX

Floating Leaxage Current L xg
POWER REQUIREMENTS

Stanavby Current lno Yng = —4.75V to 5.25V 2.5 MA MAX

TIMING

Conversion Time {coNvERT Stauc AAM Moae. Sxternal Clock. ! = 1.35MHz 3 45 MAX

NOTE:
Siecincal t2sts are cerrormea at water 0rgos 10 ine nmits snown. Cue (0 vanations in assemoly metnods ana

‘or stancarg 2rocuct zice. Consuit tactory 0 negouate soecifications dasea an cice lot Jualitication t

7Ormal yiela Icss. j:e:d arter 2acxaging is not Juaranteeq
Nrougn samete ict assemolv 2NG lesting.

TYPICAL PERFORMANCE CHARACTERISTICS

OFFSET ERROR

LINEARITY ERROR vs CONVERSION TIME CONVERSION TIME vs
vs CONVERSION TIME RAM MODE Reux AND Cy ¢
15 -20 ¥ x ; 1
. i PRy WH \T =3 | THEVE
.9 "aof"v A i -1Q : 5 I Lé l " l, ! 1 ';
- .
2 ‘ — P LIT=N | IS
% o (L2702 2, é " ’Lﬁ\g l i l g e i ‘ , / ' l [’/
- P 3 i i Y i !
/7//%///7?////// %// : 4 o Sdall ) ARV ANR
3 s = 0 _ i I I/ ﬂ s
z H i l ‘ 1 l ]I 3 .Wl/'/ ! I
aR e i |\ AR
i i | : i i s
111\ 3 3 Y T T 111
2 he 16 73 ‘ 12 5 0 BN TS w0 2 10 U 200 2=

-5
4 5 i 9
CONVERSION TIME (us) CONVERSION TIME (4a) Rzg )
GAIN ERROR CONVYERSION TIME
vs CONVERSION vs TEMPERATURE CONVERSION UNCEZERTAINTY
TIME WITH INTERNAL CLOCK AROUND MAJOR CARRY
= 3 . -

?

&
.
I3

%

A =HR |
\ ! sl L LT d ]
Z s : M | b | 24
2 o i i E 1 7-;_.-' “okA_Coym to00f | | | 2
g — S T //W/W/A% 3
3 ] 2 T | 3
H ! f 2  csrnming L LD (O O ' *
fuiE S
' i : l b T T Rax = o T o = e P
=10 j= T, = =25°C - ANALOG iNPUT
Yoy = =10V ! |
e LT T T T
-15 LR
2 4 3 1) 9 12 4 =75 -2 = s S

Ta=T Ll
CONVERSION TIME () A — TEMPERATURE T}
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ADC-908 CMOS MICROPRCCESSCOR-COMPATIBLE FAST 8-8IT A0 CONVERTZR

GENERAL CIRCUIT INFORMATION

iThe ADC-908 is an 8-bit analog-to-digital converter wnich
,uses a successive approximation technique to convert an
unknown anajog input into a digital coae output. The contro!
logic inputs atlow easy interface to most microprocessors
fwnile three-state outouts allow direct connection to the data
bus. Most applications require only passive RC clock com-
ponents, a —10V reference, and a +5V power supply. The
'RC-timed internal clock may be used, or an exteral clock
may be applied to the ADC to maximize performance.

When a Start Conversion command is applied to the CS or
RD inputs (see Operating DOescriptions for details), SUSY
ggo&li LOW indicating a conversion in progress. BUSY may be
'used as an interrupt to hait the controlling microprocessor
‘during conversion or may be polled to prevent premature
‘data reacs.

"Starting with the most significant bit (MS3), sach successive
bit in the DAC is turned on (see Figure 1). The comparator
,then decides if the OAC output is less than or greater than the
signal being converted. and that bit is latched on or off.
respectively, before procseding 0 the next lower bit ang
repeating the cycle. When all eight bits have been testeq,
BUSY goes HIGH, signaling a completed conversion.

Under control of the RD input, the three-state data outputs
'(D0-07) change from hign-impedance to presenting the new
conversion results to the data bus. Following the data read,
RO retums HIGH raserting the SAR to 1000 0000 and prepar-
ing the ADC for its next conversion.

(PIN FUNCTIONS

NQTE: For greater cetail on digital input funciions, consuit
FTrutn Tables and Timing Diagrams.

Fin 1. Vpg Power Supply input, +3V.

Pin 2. Vger Voitage Reference input, nominal —1QV.

!Pin 3. Boes Bipotar Offset input. +10V input for bipolar
mode operation, tie t0 Vyy for unipolar mode

E operation.

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

=10V to +1i0V in oipotar moge.

FIGURE 1: D/A Converter Used in ADC-208

Fin 14, BUSY Conversion status output. BUSY indicates
conversion in progress by going LOW at
start of cenversion and retuming HIGH at
end of conversion. May be used to interrypy
controfling microprocessor or to Gate con-
trot inputs.

Pin 15. RD READ input. Used to read data (on falling
edge) and to reset converter (on rising
eage).

Pin 16. CS Chip Sefect inout. Asserted to allow AGC
cperation. Stans conversion when converter
is in reset condition. Note: Holding C3§
HIGH will not prevent a rising edge.on RQ
from resetting the converter.

Pin 17. CLK External clock input/internal clock RC tim-

ing input.

APPLICATIONS INFORMATION

The ADC-908 may be interfaced as if it were a static RAM, a
ROM, or a siow-memory cevice. Sacn of these intertace
moces has its own liming ana software requirements as
described below. These requirements must ce rigidly met, as
improper timing may cause the ADC-908 to change ‘modes,

HOW TO CHOOSE AN QPERATING MODE

The static-RAM interface moce offers advantages in a tightly
controlled hardware and software environment, where the
reiationship between WRITE and READ instruction pairs is
cenain. As long 3as minimum timing is satisfied, converted
data may be read at any convenient time after conversion.
The use of separate commancs (0 start a conversion, and
then read the results, is conceptually easy. However, if the
software is subject to.uncontrclied modifications, then the
paired relationship between WRITE and READ instructions
may be lost. Resulting software bugs may resuit in converted
data of unknown age, or altogetner invalid dat being read.

Sy contrast, the ROM mode may be more resistant to software
bugs. As long as minimum timing is satisfied. each READ
instruclion cbrains new, valid cata. Howevar, since tha dan
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ACC-308 CMOS MICROPRCCESSOR-COMPATIBLE FAST 8-8IT A/0 CONVERTER

output at any previous REAQ instruction is obtained from a
conversion performed just after the previous READ instruc-
tion, data may be out-of-date. 7o be sure of ootaining up-to-
date dara, READ instructions may be coded in pairs (with
some NOPs between them): use only the cata from the
second AEAD in eacn pair. The first READ starts the conver-
sion, acting as a substitute for the static-RAM mode WRITE
commana; ihe second READ gets the resuits. The advaniage
of the ROM mode is the use of a single commana, rather than
the alternating READ-WRITE required by siatic-RAM mode.

'f'he slow-memory mode is the simplest moce of all. It is
¢ the method of choice whnere compac: ccaing is essential,
» Or wnere software bugs are a hazard. In this mode, a single

READ instruction will initiate a data conversion, interrupt

the microprocessor until completion (WAIT states are intro-

duced), then read the resuits. If the system throughput
i tolerates WAIT states, ana the harcware is correct. then the
t slow-memory mode is virtually immune to subsequent
¥ software modifications.

- e

-

E OPERATING DESCRIPTION: STATIC-RAM MODE

% in this mode, inout_a;': is derived from the ACC-208 addrass
decoder. ana input RD is derived from an active-LOW memory
E READ signal. (See Figure 2.)

17 start a conversion, execute a2 memory WRITE to the
ADC-308. The completed conversion data is cotained by

Eaxecuung a memory READ to the ADC-208. Ouring conver-

, sion, outout BUSY will be LOW. Do not attemot to read data
until BUSY, returns HIGH. The required minimum time

! between WRITE and READ is usually obtained by including
one or more NOP or other program instructions. The use of
branch or conditional commands between the WRITE and
READ instructions is nat recommended due to the possibility
Eot software bugs.

Elt is imporant that the WRI:E and READ commands be
altemately executed. A WRITE instruction has no effect unless
the results of the previous WRITE have alreagy been read.
Onca data has been read, the AOC-S08 is internally reset. in

Eomer woras, two or more READ operations cannot be used in

EFIGURE 2 Static RAM Mode Timing Ciagram

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
proauce valid da,ta.

TABLE 1: Truth Table. Static RAM Mode

= % 5 oF Do o ADC-308 OPERATION
L —'L H H'GD:.‘-.i © Read Data (Read Cycle)
L 'y H gfgf:‘_t; Reset Converter
(No:(e " HIGH-Z  No Effect (Not Selecied)
L o R\ N(?Joerii?rtzer Busy)
L —‘Y- L HIGH-Z N(oCoEr:eecr:er Susy)
{N&i 1 HIGH-Z Cﬁ:("if:g:‘ej-’foi )

NOTE ©: i R_D'goes LOW to FiGH. the ADC is intemally resat. regarctess of
he states of CS or BUSY.

OPERATING OESCRIPTION: ROM MOOE

fn ROM moade, input CS is tieg LOW, and input RO is cerived
from the ADC-908 address decoder. To satisfy timing, it is
recommended that the decoder be enabled by a2 system
MEMROD (8080), VMA (6800), or similar strobe., (See Figure 3.)

in ROM mode, data is read by executing a READ instruction
to the ADC-S08 address. At the conclusion of the READ
instruction, the ADC-908 automatically resets itself and then
proceeds to perform a new cata conversion. Quzput BUSY is
LOW during conversion. A new READ instruction to the
ADC-£08 must not be executed until BUSY returns HIGH.
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PMD AOC-908 CMOS MICROPROCESSOR-COMPATIBLE FAST 8-81T A/0 CONVeRTER
iThis requirement may be met by inserting NOP or ather microprocessor into WAIT states during data- conversion,

Jrogram instructions between f:onsecutive READ operation.s. In slow-memary moce, inputs G3 and AD are tiea together
Conaditional or branch instructions may be used, but keeo in The common RO and CS signa! is derived from the ADC—‘-‘Oé

mind that data may become out-of-date if excessive time

. . . 2acress decoder. To satisty the timing requirements i -
elaoses between consecutive AEAD instructions. v g req 1S, it is

agvisaole to latch the aocress using ALE (8085) or SYNC

TABLE 2= Truth Table, ROM Mode {8G8Q). For 8080 or 3085-based systems, connect the micro.
£ SUTPUTS arocessar READY input to the ADC-508 SUSY outpUL (See
INPUTS TPUT Figure 4.)
3 A0 8USY 087-080 ADC-908 OPERATION .
- HIGH-Z 10 TABLE 3: Truth Table, Siow-Memory Moce
- 8
L v paTa  head Daa INPUTS OUTPUTS
os 2 ﬁ B_—USY 087-080 ADC-308 OPERATION
. r '; DATA to  Reset and Start -
= — -~ HIGH-Z New Conversion H H HIGH-Z No EHect (Not Selecieq)
- ., = No Effect - - .
L \ & [ HIGH-Z (cc’:ocnverter Busy) —'l. L HIGH-Z  Start Conversion
i , Conversion Error wjau.y Conversion in Progress
L Nate 1) - HiGH-2 "0 Allowed L Lo HIGHZ 4P in WAIT State
MNOTE 1: if RO goes LOW 1o HIGH. :ne ADC is internaily reset, regarciess of [ iy HIGH-Z 10 Conversion Compiete.
tne states of CS or 3USY. ™ - DATA Readg Data
OPERATING DESCRIPTION: SLOW-MEMORY MODE r JATA 10 Reset and Deselect
Tre slow-memory mode is intenced for systems in wnicn the <. MGH-Z2  Converter
ADC-208 BUSY outout is used as an interrupt o force the
FIGURE 3: ROM Moce Timing Diagram (CS Heid LOW)
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ADC-308 CMOS MICROPRQCESSOR.-COMPATIBLE FAST 8-3IT A/D CONVERTER
L4

Do not execute a WRITE instruction at the ADC-208 address
when in sfow-memory mcde, since bus conilicts will arise. In
some archutectures, an accigental WRITE instruction may be
locked out in hardware. by praper strobing of the ADC-508
&adress decocer.

INITIALIZATION

In all operaung moces, ihe ADC-2C8 is initialized by executing
a READ instruction (0 the ADC-208 address. The data
obtainea snould be ignorea.

CLOCK OSCILLATOR

The ADC-208 may be used with its internal asynchronous
clock oscillator. An external resistor and capacitor are
required. Typical values ara R = 43kQ? ang C = 100pfF, ‘or
conversion times in the dus range. For applications in wnicn
the fastest conversion times are required, an external clocK is
recommencec. The external clock must be gated by the usa
of a 74125-type ihree-siate buifer. with an output pulluo
resistor. Qptimum conversion accuracy is obtained when CS
goes LOW on a positive clock ecge. The maximum external
clock frequency is 1.25MHMz (See Figure 5 and 8.)

REFERENCE VOLTAGE

A negative reference voltage must be applied o0 the ADC-208
Vagr inout. Cotimum lull-scale accuracy is ootained using
~10.00V. zithougn Vaqgz may be —3.00V, —10.24V, or other
voltages within its specified range.

Over ihe {ull temperature range. octimum gain accuracy is
obtaineg wnen the inout to the Vaez pin is from a low-
impedance source. A rasistor or trimmer may be used in
series with the Vggz pin. but this trim technique is not as
accurate as a low-impegance source. (See Figure 7.)

FIGURE 7: Unipolar Ogeration

For a cost-zffective ~10.00V or —10.24V reference with excel-
lent accuracy and'low temoerature coefficient. ask for PMl's
REF-08. Consuilt your sales reoresentative for availability.

FIGURE 5: Using the Intemat Clock Oscillator
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I

'ANALOG INPUT YOLTAGE
:The ADC-208 unioolar aperation is obtained when the analog
input voitage is between OV and |Vgesi. With the Ay and Bars
nins tied together, incut QV wiil correspond to ccde 0000 €CCO.
‘and input full-scate wiil corresoond o coce 1111 1111

I Sigolar operation is cotained by using the Bogg input to offset
tne Ay input voitage. Far examcle, with Vagz = —10V. an oft-
ser voltage of —iCV may be apoliea to Bges. The analog
signal range will hen be —10V o —i0V at Aw- Code
0000 0000 wiil corresoond to —10V, and positive full scale whll
pe zode 11111111 Calibration may be gertormed using
8ors. (See Figure 8).

inmmers in series with Ay 3nd
taining bioolar operation is to0 use &n
0 sum the analog signal with the
reference voltage. With a —10V reference and —i0V to +10V
anatog signal, the 00 amp output wiil then be OV to —10V. This

is then (reated as an orginary unicolar input 0 the
—30V corresponds (0
to

Another method of ¢d
gp-amp with gain = -1/2.

signat
ADC-308. With inis arrangament. input
coce 0000 0000. and negative full-scale corresoonds

code 17111 1711,
UNIPQLAR SINARY OPERATION

j Figure 7 shows ihe analog circuit connecticns for unipoias
Jooeration. The REF-08 suoplies the necassary —10V reference
B

inout.

b -Calibeation for offset should be mace pefore gain calibration is

i attempied.

E Offset catibration must te performea in the signal ¢
circuitry whicn crives e Ay inout.

onaitioning

To adjust ofis2t
1) Apply —38.1mv (1 LS3) to the mnput of the puffer amplifier
E driving Au-
2) while performing continuous conversions.
ampiifier's offset aojustment potentiometer until D87 10 08T
are LOW and 0B0 (LSB) flickers.
' Following offset calibration. futl scale gain can te calibrated:
1) Apply —9.861V to the input of the ouffer amplifier.

adjust the buifer

o

cIGURE 8: Offeet Sinary Cparation

2) While performing continuous conversions, adjust the ref-
arence trim pot untit D87 i0'DB1 are HIGH. and DB0 (LSg)

flickers.

3IPOLAR OPERATION

Offset Binary-—Figure 8 snows a circuit for offset binary ticotar
operation. Oifset correction snould be mace at the buyker
amplifier criving Aw. Gamn error correction should be ac-

comolisnea by acjusting Vasz.
To calibrate this circuit:

1) Adjust A1 untif Vgge = —~10.00V.
2} Acjust R2 and A3 to their mid-points.
3) Apply +10.000V to the inout puffer amotifier.

1) ‘while performing continuous conversions. adjust 82 until
D87 :0 D81 are LOW and 08B0 (LS3) ilickers.

3) Groung tne input of the input suffer circuit.

5) While performing continuous conversions, agjust A3 until
the ADC's outeut ccce ilickers petween 011173111 ang
1000 C00Q.

7) Apply —10.000V to the signal inout.

3) While gerforming continuous conversions. adjust 81 undil
087 to 081 are LOW ana the D80 (LS3) ilickers.

g) Appiy —9.922V 10 the signai input.

10) ! the ADC output coce is not 1111 3110 =1 bit, receat the
calibration procadure, cmitting steo 1. I

Comptementary Offset Binary—Figure 9 shows a comole-
mentary oiset binary circuit. In this bipolar moce, the =10V 1o
—10V analog input is concitioned 10 a 0 to <~10V signat range for
normal unioolar ccaversicn.

in calibeating this circuit, adjust offset before gain.

Oftfset Agjustment:

1) Adjust R1 until Vagr = —10.000V.

2) Adjust R3 to its mid-point.

3) Adjust R2 until its t@ap is at OV.

4) Ground the analog input.

S) While serforming continuous conversions, acjusi R2 untit
the ADC output flickers between 0111 1111 and 10CQ 00CQ.
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Gain Adjustment

1) Aogly +3.922V across the analog input.

2) ‘While performing continuous conversions. agjust A3 until
D87 o DB1 are HiGH ang CB0O (LS3) ilickers.

DIGITAL CONSIDERATIONS
Cantrol Timing—~Fresn cata from a recent conversion mustbe
read before oeginning a new conversion. Feollowing the cata
AEAD, as RO gces HIGH, it resets the SAR and clears the daa
yom the previous conversion.

the timing restrictions cetailed in the interface timing diagrams
must be obsarved to prevent the ADC-308 from cnanging inter-
face modes. For exampte, if CSiis held LOW tco long wnile in
AAM mode. the canverter will change to ROM mode and initiate
2 new conversion.

Logic Deglitching—iJnrelateg activity on the acdress ous may
cause unexoec:eda giitcn inputis to the AQC. The glitches may
cause unwanted READs, resets, or conversions. [n ROM or
RAM modes, these may be avoided by gating ihe address
gecode logic with 80 or ‘WR (8080) or VMA (68CQ). in stow-
memery mode, ALE (2085) or SYNC (8080) may be used (0
jaten the address.

Initialization—Folic #ing power-uo, the SAR is in an unknown
sate. Sxecuting 2 memory READ (disregarg the data) will resat
the ACC.

ANALOG CONSIOERATIONS
Analog Input Impedances—l.ow imoedance sources must be
used {0 arive the Vaez, A, and Sogg inputs. Excessive source

FIGURE 3: Comolementary Offset 8icolar Operation

impecances may cause 2rrors cue (o the loacing eflecis of the
inouts” finite impedances.

Ground Management—AGND and OGNO pins should be
connected at or near the ADC to minimize noise effects. If the
two grounds cannat be conneczed near the ADC, ihe grouncs
shouid be clamped with back-to-bacx Scrottky cicces betwveen
the AGND and OGND pins.

Oftfset Correction—Conversion offset errors may oe corrected
by counter-gifsetting the buiter amplifier driving Ay, This
otfset correction may te accomolished by aoplying a correction
currentto the buifer's summing junction or oy tzoping a voliage
diviger sitting between Ypng and Vggz, ana aoplying this tap
woltage to the ncninverting input of the bufter.

Ratiometric Operation-—~The R-2R type DAC in the ADC-808
permits ratiometric ogeration of the ACC. Performance de-
gradanon may, nowever, 9ccur as Vggs vanes from —10.C00V.
This decrease in performance is Gue to comoarator limitatons
inctuding offset-voltage. gain. and input noise.

The ADC-S08 uses the reference as a power succly for the
comoarator to increase speed and accuracy. Reference voltages
of a2 magnitude less ihan —9V must be avoidea ior acgurate
comoarator operation. For best accuracy, the use of a 0.2 uF
bypass capacitor from Yagz{Pin 2 i0 AGNO) is rec::mmenced.

Power Supply 3Sypassing—ror best accuracy, Vﬁo (c-n 1)
snould be oypassed to AGND with a Q.1ur capacitor.
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