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Special Project Title Construction of Differential Thermal

Analyzer 2

Nanme Mr. Ekarat Lopetcharrat

Special Project Advisor Asst.prof.Dr. Aree Wichianchai

Department Applied Physics
Academic Year 1993
Abstract

This senior project is the continuous working, which follows
the last academic year project in 1992, that had researched and
constructed the Differential Thermal Analysis instrument ,DTA.
It is used for testing a thermal property of solid state material
by increase the temperature linearly to the sample and reférence,
vhich both are in the same condition.

The reserchers,in 1992,built furnace, crucibles, differential
DC amplifier and 1linearly rate controller. A result of working on
this instrument shows in X-Y recorder; the temperature,X-axis, vs
the different temperature between sample and reference,Y-axis

This academic year, in 1993 , The signal interface circuit
was built. The IBM PC is used for collecting data and result it in

graph.
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BaMgCOy):
Witherite:
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V=u(V, /RO xt, (3.4)

Vv
fun15faFavd L TaTun L naiute s du

(V, /RO xt, = (V___/RC) x t,
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PROGRAM LISTING



(HERERRRRRRER )
(% Unit DTADIR.TPU #)
CHEERRERERREE R )

Unit DTAdiry
interface

uses dos,crt,screenll,dtakey,Errormsg}

Procedure Resddir(Iwin,Ywinibyte} msk: strind} var path,nameistring)y

implementation
type Dirpte = *dirlist)
dirname = stringll12]y
dirlist = record
name { Dirnamej
attr | hyte}
laft,

right, ! Dirptr}

end}
var Dircount { byte;
Birlnfo ! SearchRec)
Headnode | Dirpte} {Pointer to Header Node}

fPtr ! Dirptr} {Current pointer}
Twioh,Twint ! bybe;

const Xdim = 3} {Max number of file name per row}
Tdim = 6]

var namearr § array [l,.ydim,l..xdim] of dirname}



Function GetNode iDirPtri
var P 1DirPbe
begin

New(p)i

GetNade = By

end}

Procedure FreeDir(var PiDirPir)}
begin
Dispose(HeadNode)}

end}

Pracedure [nitHeader|

begin
HeadNode {= Getnode}
HeadNode*: left, 1= HeadNodej
HeadNode*.right 1= HeadNodej

end]

Pracedure InsertRight(AtNode :DirPtr} NametDirNamej Attribyte))

var NewNode,Temp {Dirpte}

begin
NesNode Is Gébnodé;
NewNode*.Name 1= Name
NewNode* . Atbr = Attr}

Temp 1= AtNode*.Righty
Temp”* Left 1= NewNode}

Newlode* Right !
Newlode* left 1= AtNode|
AtNode* Right (= Newodel

Temp}



and}

Procedure InsertAfter(name!dirname; Attribyte))
var last iDirpte}
begin
last t= Headnode*:left} {Pointer of last node}
InsertRight(last,Name,Attr)] .

and}

Procedure SearchDir(Name iDirNamej var Post ibytei var Pt (DirPtr)y
{ Count and move to current directory }
begin
Post 1= 0§
pt 1= Headnode}
repeat
past != Past+l]
pt 1= pb*eright
until ((name = pt*.name) or (pt = headnode))}
if pt = headnaode then past =0}
{ if not found name them position is 0 }

end}

Procedure DisplayBir{Xindex,Yindex!byte)}
var Tail ! char} h
Col,Rowibyte}
begin
col 1= (Xindex-1)%1442)
raw 1= Tindex}

Gatoxy(Col,Row)}



if dptr*.atte = Directory then tail {='\' else tail 1= ' '}

Write(dptrr Name,tail,' 't11- lengbh(dptr*,name))]

end}

Procedure PutDirtolist)
begin
With dirinfo do
begin
if ((attr and sysfile)= 0) and
({attr and volumeid)=0) then
begin
Insertafter{name,attr)y
dircount!= dircount+ly
endj
end}

end}

Pracedure Listdir(mask ! string)j
begin
initheader}
dircount 1= 0}
findfirst (mask,anyfile,dirinfa)}
while doserror = 0 da "
begin
findnext (dirinfa)}
if (doserror = 0) bthen putdirtolisti
end}

snd}

Procedure MaptoMatrix(size,post ibybte] var x,yibytel}



var i,k 1hyte)
begin
x = (post mad size)}
y = (post div sizel}
if (x = 0) then x i= size}
if (past mod size) O 0 themy i=y + 1}
dptr 1= headnodej
far i 1= 1 to post do dptr 1= dptr*.right)

end}

Procedure Dir(mask ¢ string)j
var xindex,yindex ibyte}
post tbyte|
begin
ListDir(Mask)}
far Post 1= 1 to Dircount do
hegin
maptomatrix(xdim, post,xindex,yindex)}
displaydir(xindex,yindex)}

end}

L Function Gebmabrix %)

Function Getmabrix(xdim,num,post i bytet ver pbidirpte)t dirnames
var xindex,yindex tbytej { Current status XY }

ey fchar} { Read to it }

Currentpost  thybs|

SelectOk tbooleanj { Run Flag }

01dX,01dY thytey



currname {dirname
0ldname tdirname}

Tail istring]

Procedure nameup)
begin
if post > xdim tLhen
begin
currentpast 1= posti
post 1= Post - Xdim§
end}

end}

Procedure NemeDNj
begin
if (post + xdim <= Xum) then
begin
curtentpost. = post)
post i= post+xdimy
end}

end}

Procedure NameLF)
begin
if post <> | then
bedin
currentpost 1= post)
past {= past-1}

and



-Procedure NameRT}
begin
if ((Post+1) <= num) then
begdin
currentpost 1= postj
past 1= post+!}
end}

end}

Pracedure FirstName}
begin
currentPast 1= Post]
Past = 1}

and}

Pracedure LastName}

begin ‘
currentpost 1= posti
post 1= num}

end

Procedure Returnvaluej

var tail 1 string]

begin
pt 1= dPtr}
getmatrix 1= dPtr”.namey
select0E 1= btrue|

and}



Procedure ExitESCH
begin
Gebmatrix i= #27;
SelectDE 1= true}

end}

procedure namemstrix{inptidirptel}
var mn | integer|
Pte 1 dirptef -
begin
pbe 1= inphy
for m 1= 1 to ydim do begin
far n 1= 1 to xdim do begin
if ptr > headnode tLhen begin
if (ptr*,attr and Directory) = Directory
then tail 1= '\' else tail 1= ' '}
if (ptr*.atbr and Volumeld) < Volumeld
" then namearrlm,nl 1= pbr* namettail}
if (pter*,abbr and Volumeld) = Volumeld
then begin
n = o~y
if n=0 then begin
n = Xdim} o = o1 §
if m =0 bthen mi=l
eqd:
end}
pbr 1= pbe*irighty
end
else

namearr[m,n] ¢= ! '



end} end}

end}

pracedure rowup)

var rpbr | dirptr}
iyj ! byte}

begin
rptr 1= dptry
i 1= (Xdin-1)-(Xdin-Xindex)}
if i ¢ 0 then begin
Far j 1= 1 to i do
begin

epbe 1= rpbetilefty

gnd}
end}
namematrix(rpte)y

end}

pracedure rowdown|

var epbr § dirpbei

iyj ! byta}
begin
epbe 1= dptry

i 1= (Idin-1)-(Xdin-Xindex)+(Xdin¥(Ydin-1))}
far j1=1 to i do
begin
rpbe 1= ppbet lefty
end}
namematrix(rptely

end}



procedure disprowj
var iyjsx,y ibytey
begin
for 1 1= 1 to Ydim do
bedin
for j 1= 1 to Xdim do
hagin
£ 4= (xwint)+((j-1)#14)+1§
y = ywinb+i]
setabbr(Reverselow) |
directwr(z,y,’ "M
directWr(x,y,' '+Namearrli,jll1
end}
end}

end}

Pracedyre dispname;
var i,j ibyte}
col,raw thyte}
tail  istring}
begin
For i 1= 1 to Ydim do begin
Far j 1= 1 to Xdim do Begin
if namearr[i,jl = currname then begin
cal 1= j} row 1= |
Oldz 1= ji Oldy 1= i}
end}
end} end}

po% i< row + ywinh|



cal 4= ({col-1)#14) + xwint+ly
sebattr(Highdisplay)}
directwr(col,row,' 'tcurrnamet’ ')}

end}

Function scrollibooleany
var i,j ¢ bytei
tail | charj
begin
scroll 1= truey
For i 1= 1 to Tdim do begin
For j += 1| to Xdim do begin
if namearrli,;j] = currname then scroll {= false}
end} endj

end)

(% Main of Getmabrex *)
begin

setattr(lowdisplay);

currentpost 1= posti

maptomatrix(xdim,post xindex,yindex)|

if dptr*.attr = Directory bthen tail 1= '\' else tail = ' '}

currname = dptr”.name+tail}

rowup}

disprow]

dispname;

selectOK 1= False|

repeat

readfunckey(key) |

if Funckey bhen



bedin

case key of

P ! NamelP}
Lt | Namelf}
| Bt ! NameRY)
In i NameDnj

Home Firstname|
End_Key.s lastname]
end|
maptomatrix(Xdim,Post,Xindex, Yindex)}
if dptrt.attr = Directory them tail i= '\’ else tail 1= ' '}
currname §= dptr”.namettailj
if (Past > currentpost) and (scroll=true) then begin
rowdown end}
if (post ¢ currentpost) and (scroll=true) then begin
rowup} endj
disprawy
dispname}
end
else
case Key of
R ! BeturnValue)
ESC + ExitESCy
end}
until selectOL;

end} fof Getmatrix}

function getpath(n | byte) tstring}
var path ! string}



begin
getdir(N,path)}
if pathllength{path)l = '\' then
getpath {= path
alse
detpath 1= path +'\'}

end]

Pvace&ure Readdir(Awin,Twintbyte; mski string] var path,nameistring)]
{ Read directory and return

Path --> Current Path

Name --> File name
}

type String80 = stringlB01;

var post tbytei { Position of DIRECTORY in list }
p tbyte} { locate string postion of directory name }
Drv tbhyte; { Number of drv to dgetpath }
Yindex,Yindex ibyte; { Position of File name }
Iwinb ,Twinb ibytes
N {STRING;  {DirName} { Hold Select Name }
Curdir 1StringB0t { Holds current directory name }

StartDir i1String} { Holds Starting directory }
Py {DirPtr} { Points to current node }

Finished {Booleanj { Bun Flag }

Procedure Upcasestr(strINistringivar str0UT!string){
var i i byte}
tem | string]

hegin



Tem = "'}
For i 1= 1 bto length(strIN) do
pegin

Tem = Tem + Upcase(strIN[il)}
end}
strOUT 1= Temj

_end}

bhegin
Cursor0FF}
GetDir (0 startdir)y
GetDir(0,curdir)}
Upcasestr(msk,msk) §
curdir 1= wskj
chdir(curdir)y
curdir 1= curdirt'\'}
Igint 1= Xwinj
Twint 1= Twiny
Iwinb, = Xwint+2+(14#Xdim)}
Twinh 1= Twint+i+Tdim;

past 1= [}
finished != false}
listdir(msk)§
Repeat,

if Dircount = 0 then

listdir('#.#')}

Setattr(Reverselow)|

background(' ',xwinb,ywint,xwinh,ywinh)}
messagebox(xwint,ywint,xwinb,ywinb, 1)}



directwr(xwint+2,ywint,' '+urdir)y
{Get name}
Searchdir(curdir,post,pt}}
if post = 0 then post i= 1}
N 1= getmatrix{xdim,dircount,post,pt}}
case N(IT of
#27 ¢ begin
Name 1= #2Ty
Finished {= true; {Force to exit}
end}
'+' 1 begin
getdir(0,curdir)y
p i= length(curdir)|
repeat p 1= p-1f until curdielpl = '\'{
curdir 4= copy(curdir,l,p)}
chdir('ei' )y
dircount ¢= 0}
end
else
begin
if (dptr*.attr and Directory) = Directory bthen
bedin
chdir(dptr” . name}}
curdir 1= curdir + dptr*.name + '\'}
dircount 1= 0}
end
else
begin
name i= N|

path 1= curdir} feffect path to path}



finished 1= true}
end}
end}

end}

Freedir{headnode)|
yntil Finished
Chdirtstartdir)j {restore ald directoryl}
clrdisp(Xwint,Ywint,Xwinb, Twinb)}

and}

{main}
hegin

gnd.



8 )
(% Unit SCREENOL.TPU #)
(HEERRRERRRERRR R )

Unit Screenfl}

interface
uses Crb,Doé;
const, NoDisplay

lowDisplay
HighDisplay

= §004

07y

= §0Fy
Underlinelow = §01]
Underlinefigh = §09]

Reverselow = §70}
Reverselligh = §78}
Blinklow = §BT}
BlinkHigh = §8F}
UndBlinklow = 81}
UndBlinkRigh = §89;
RevBlinklow = §E0j
RevBlinkHigh = §FB;
ColorSed = §B800;
HonaSeg = §B0004
var  VidegSeg - i word]

(rbtype

byte Absolute $0040:40049;

Procedure SetAttr(Attribi byte)y
Procedure SetCursor(Top,Bottom ibyte)y

Procedure Cursoron)



Procedure Cursoroff)

{ End of interface section }
implementation

var Regs iregisters)

Pracedure SetAtbtr(Attribi bytel
begin
Textabbr 1= Abbriby

end}

Procedure SetCursor(Top,Bottom ! byte);
bedin
Regs(AH := 1}  {Function Cursor mode}
Regs.CH = Topj
Regs.Cl ;= Bottom;
inbr}SXO,RegsH

end}

Pracedure Cursorlnj
begin
Regs.AH 1= 2j
Eegs.DH =0
Regs. DL 1= 0y
Regs.BH 1= 0y
[ntr(810,Regs)}

and}



Procedure Cursar0ff)

begin
Regs. Al 1= 2§
Regs,DH 1= 50§
Regs. DL 1= [}
Regs.BH 4= 0y
Intr(§10,Regs)y
and}

Procedure IdentifyCrbg
begin

case CrtType of

0443 i Videoseg 1= Colorsed)
7 t Videoseg {= Monoseg}
end}
end}
begin
IdentifyCrty

end.{a% Unit}



€ L))
. Uk Unit CRIAL.TPU #)
CHBRRRRRRR )

Unit Crialy
[nherface

uses serial,dos,crtd

Function DATAin(timeout!longint)istring]
Function DATAx(steINistring)!integer}
Function DATAy(strINistring)iinteger|
Functidn int2realX(Xint_IN ¢ integer)ireal}
Function int2resl¥(Tint_IN ¢ integer)irealj
Function real2intX(Xreal_IN | real)!integer|

Function real2intY(Yreal IN ¢ real)tinteder]
Implementation

Function DATAin(timeout!longint)istring]
var crial § integery
steln ¢ string}
begin
steiN 1= 'Yy
crial 1= setserial(com!,9600,0,8,1)4
crial 1= serialout('0')y
repeat
crial 1= serialin(timeout)}
if crial (> -1 then bedin
steIN 1= strlN + chrlcrial))

gnd|



wnbil (crial = -1
DATAin = copy(strIN 1, length(strIN))}

end}

Function DATAx(strINistring)iinteder|
var res,data | integeri
stp ! string |
begin
str 1= copy(strIN,1,5)}
val(str DATA,res)|
dataX i= dataj

and}

Function DATAy(strINistring):inteder]
var data,res | integer|
str ! string
begin
str 1= copy(stelN,7,5)}
val(str,DATA,res}}
dat;Y = daba;

and}

Function int2realX(Xinbt_IN ! integder)iresl}
Bagin
int2realX ¢= Xint_IN/10.2375} -

and}

Function int2realT(Tint_IX | inteder)irsal]
Begin
intZ2realY 1= Yint_IN/409.5}



eﬁd;

Function real2intX(Xreal [N t real):integer}
bedin
Treal [N i= Xreal_IN % 10.2375)
real2intX ¢= round(Xreal_IN)}

end}

Function real2intY(Yreal_IN i real)!integer}
begin

Treal IN != Yreal IN #% 409.5)

real?intY i= round(Treal IN)}

end}

bedin {main}

end.



CHERRRRR R )
(# Unit SERIAL.TPU #)
CHERERERERER R )

Unit Serial}
[nterface

const COML = Oy
coMz = 4y
COM3 = 3
COM4 = 4y

COMIBASE = $3F8;
COMZBASE = $2FD;
COMIBASE = $3E8;
COMABASE = $2EB

TR = 0
AR = 0
68 = 1
[1R = 2}
LCR = 3y
NG = 4
158 = i
¥SR = 6y
SR = Ty
0L = 0y
DLE = 1]



RE_INT = $01;
TRE_INT = $02;
ERR_INT = §04;
RS_INT = $08;

RE_ID = §04y
RX_MASK = §0T;

NO_PARITY = €00y
EVEN_PARITY = §018;
ODD_PARITY = §084
0LAB = §804

TR = $01;
RTS = 802§
GPO1 = §04;
GPO2 = §08;
EN_INT = $08;

"RCVRDT = 8013

OVRERR = §024
PATYERR = 04}
FRMERR = $0B)
BREERR = §10j
INTRDY = §204

INTRSR = §403
TIMEQUT = 880y

D_CTS = $04y
D_OSR = $02f



DRI = 804
D_0CD = §08y
TS = §103
SR = $204
Rl = §404
oco = §80y
IMR = §214
ICR = §203
EOI = §204
[RR4 = §EF}
[RA3 = §F7y

SBUESIZ = 40004

var portbase! Integer}

Function Setserial(comportiintegeriband!longintiparity,databit,stophit!integar)
Function Serialin(Time_oubtilonglnt)!inteder}

Function Serialout{chichar)iinteger}

mplementat ion

Function Setserial({comport!inteder}baud!longintjparity,databit,stophit!integer)

var divisor,currentV,setting,orpara!inteder]

Begin

case comport of



com! ! porthase != comlbase}
com2 | portbase i= comZbase|
comd ! portbase {= com3base}
comé ¢ portbase i= comdbase;
Else Begin
SetSerial 1= -1y
exity
End}
End}
If ((bawd<=0) or (baud>!15200)) Then
Begin
SetSerial = -2}
exity
End Else divisor i= trunc(115200/baud)
cuerentV ¢= Port[Portbaset LCRI}
port[porthase+lCR] 1= (currentV or DLAB)}
port{portbase+lll] ¢= (divisor and $00ff)}
divisor != divisor shl Bj
portlportbase+DlH] = (divisor and $00ff)}
purbfporbbase+LCR] 1= currentVy
setting 1= databit -5
if (stopbit =1) then orpara 1= $00 else orpara 1= §04;
setting 1= setting Or orparaj
sebbing != setting or parityi
portlportbasetlCR] i= setbing)
setserial 1= 0}
End}

Function Serialin(Time_out!longlnt)!intedery

var value | Integer]



startycheck ¢ Byte;
1SRcheck { Intedery

caunt | Ward}

Begin
count += $0000;
repeat
inc(count )y

LSRcheck 1= portlportbase + LSRI;
until ((1SRcheck and RCVRDY) < 0) or
{count = Time_oub)}
value 1= portlportbasetRIRIY
if count = Time_out Then serialim = -|
else serialin 1= valuej
End}

Function SerialQut(chichar) t Integer]

var value { Inteder]

Begin
value {= ord(ch}}
Repe;b Until ( ( portlportbasetlSR1 and XMTRDY) O 0)§
portlportbase + TIR 1 1= value)

Endj

bedin

End.



(HRRHRRERRRERRERRERR R )
(% Unit DTATITLE.TPU #)
CHERERHRR SRR R )

Unit Dtatitle!
[nterface
uses dtakey,screend!,crt,dos)

Procedure shawhitle(x,yibytel}

Procedure showmainj

Implementation
(FHRREHEERER R Tib e $HEEREREEEERRE)

Pracedure showhitle(x,yibytel}

var ¢ § chary

begin
disp(x,7,x+26,746)
directwr{x+l,y+1,’ OTA, Date Amalyzer ")}
directwr(x+l,y+2,’ Version 1.0 "

directwr(x+l,y+3,' By Ekarat lopetcharrat ')}
directwr(x+l,y+4,' Applied Physics "1
directwr(x+l,y+5,’ EM LT L "N
¢ = readkey}

cledisp(x,y,x+26,y+6)}

end}



CRERREREEREREERERE Main menu FRERREREERCRREERER)

Procedure mainbound;
var i ¢ byte}
begin
setattr(Reverselow)}
directwr(2,2,4201)}
directwr(2,23,#200)}
directwr(79,2,#187)}
directwr(79,23,%188);
directwr(2,3,%186)]
directwr(79,3,#186);
directwr(2,4,#204)§
directwr(79,4,%189)}
directwr(2,5,%186)}
directwr(79,5,#186)}
directwr(2,6,4199)§
directwr(79,6,%182)}
i=0
repea£
i1= i+
directwr(2,6+1,#188)}
directwr(73,6+1,#186)§
unbil (b+{ = 22}§
i=0
repeat
i 1= i+
directwr(2+i,2,#205)§
directwr(2+i,23,#205);
directwr(2+i,4,4#205)}



“directwr(2+1,6,4196)
until ( 2+ 1 = 78)}

end}

Procedure mainmessage(x,yibytel}
begin
directwr(z,y,’ "M

directwr(x+23,y, 'Differential Thermal Analysis'){

directwr(x+52,y,' B H
directwr(x,y+2,' File fata Anglysis ')}
directwr(x+45,y42,' Print Bl

setattr(Bighdisplay);
directwr(2,25,'F2*}}

directwr (17,25, 'Alt X')}
setattr(Lowdisplay)}
directwr(4,25,'-Graph/menu'}}
directwr(22,25, '-Exit')}

gnd}

Procedﬁte showma inj
var laop | bytet
bedin
ma inbound}
setattr(lowdisplay)}
for loop 4= ! Lo B0 do Begin
directwr(loap,!;' ")}
directwr(loop,24,' ')y
directwr(loap,25,' ')}
end}

setattr(Reverselow)|



nd inmessage(3,3)}
setattr(highdisplay);
background(#177,3,7,78,22)}
cursoroff}

and}

and.,



(HERRRRRRRRERRRRERRE )
. (% Unit DTASETUP.TPU #)
ChHBRRERRERER R )

Unit DtasetUP}
interface
uses 00S,CRT,DTAKEY,SCREENO!Y

’Procedure Dta_SetUp(X,T! Byte; SamiN ! string}

massIN,Scalel,OrgY ¢ real
Var Semlut 1§ string}
Var massOut | realj

Var ScaleQut 1 realy

Var Orglut 1 real)y

[mplementat ion

Procedure Dta_SetUp(X,T 1 Byte;
SamIN § string)
massIN,Scalel,0rgY | real
Yar SamQut | string}
Var massOut ! real}
Var Scalefut ! realj
Var Orglut  § really

var Left ! byte}

Para 1 bytej

res ! inteder|

ch { char}
const Blanks = ° '
MaxRow = 44



var row_arr | arrayll..MaxRowl of stringi

Function real2str(realiNireal)istring]
var st | string}
dummy § real}
i 1 bytei
begin
dummy. {= reallNj
str(dummyi7:3,st)}
i1= 1y
While (st[il ="' ") do
begin
Inc(i)y
and}
Real2str 1= copy(st,i,lengthist))}

end}

Procedure Readsamp(xl,ylibytel}
begin
setattr(Highdisplay)i
Directwr(X1+10,71,' Sample ¢ ')}
sebattr(lowdisplay)y
GotoXT(R1+1, T1+1)}
- weibe(sam0UT) |
readstr(sam0UT, 30, 5am0UT) |
if length(sam0UT) > 10 them row_arr(!] ¢= copy(samQUT,{,10)
else row_srrl1] 1= samQUT}
left 1= 1}

end}



Pracedure Readmass(xl,ylibytel}

begin
sebatbr(Highdisplay)y
Directwr(X1+9,Y1," Hass(Gram) ! ')y
setattr(Llowdisplay)y
GotoXT(X1+1,YI+1) writelrow_are(21)}
ReadReal(massOUT,6,3,mass0Ut, res)}
row_arr[2] = reallstr(massUT)y

end}

Procedurs Readscala(xi,ylibytel)y

hegin
setattr{Highdisplay}}
Directwr(X149,T1," Scale(Y) ¢ ")§
setattr(Lowdisplay);
GotaXV(XI+1,YI+1) write(row_arr[31)}
ReadReal{scaleOUT,6,3,scalellt,res)}
row_arr[3] 1= real2str(scaleUT)y

and}

Procedure Readorg¥(xl,ylibytel}

bedin
setattr{Highdisplay)}
Directwr(X149,11,' Origin(Y) § ")}
setattr(Lowdisplay)|
GotoXT(XI1+1,T141)y writel(row_arr(41)}
ReadReal (org0UT,6,3,0rg0Ub, res)|
row_are[4] 1= real2str(org0UT)|

end}



Procedure initsetup

var i | bytei
begin
Gursor0ffy
disp(X,¥,X+26, T+1+MazRow)}
setattr(lowdisplay)y
row_arel1] {= ' Sample ! '+ Blanksy

row_are(2] 1= ' Mass(grem) ¢ '+ Blanksi

row_arr(31 1= ' Scale(Y) ! '+ Blanksi

rog_arr[4] 4= ' Origin(Y) ¢ '+ Blanks|

Far i 1= 1 to MexRow do begin
directwr(X+] T+i,row_arelil)}

end}

if lengbh(samIX) > 10 then row_arell] {= copy(samiN,!,10)

else row_arrl1] {= samlN|

row_arr(2] 1= real2str(mass0UT)|

row_arrl[31 1= real2str(scalelUT)y

row_are(4] 1= real2str(org0UT)|

-gatattr(highdisplay)}

For i 1= 1 to MaxRow do Bedin
directwr(X+15, T+i,rov_are(i1)}

end}

sebAtbr(Reverselow)

directwr(X+15,7+!,row_arrl11)y

setAtbr(lowdisplay))

end}
hegin
para 1= 1} left 1= 1j
sam0UT 1= samiN}



nass0UT += massINj
scaleQUT i= scalely
org0UT 1= orgl}
_ initsetupi
Repeat,
Ch 1= Readkey}
case Ch of
#72 1 Begin (# Up Arrow #)
setatte(Highdisplay)]
directwr(X+15,T+para,Row_arrlparall}
Dec(para)y if para = 0 then para 1= maxRow|
setattr(Reverselow) |
directwr(X+15,Y+para,Row_arrlparall}
setattr(lowdisplay)}
end}
$80 t Begin (% Down Arrow #)
setatbr(Highdisplay)|
directwr(X+15,Y+para,Row_arrlparally
Inc(pars)} if parz = maxRow+! bLhen para 1= {}
setatir(Reverselow)
directwr(X+15,V+para,Row_arrlparal)}
setattr(lowdisplay)|
snd}
¥77 ¢ Begin (% Right Arrow #)
if para = | then begin
if (length(sam0UT)-Lleft) >= 10 then bedin
Inc(Left)y
row_arrl 1] 1= copy(sam0UT, Left, 10)}
end}

setattr(Reverselow)|



directwr(X+15,Y+pafa,Row_arr[lI);
setatbr(lowdisplay)y
end}
Endj
#75 | Begin (¥ Left Arrow %)
if para = | then begin
if Left > | then begin
Dec(left)
row_arc[ 1] 1= copy(samQUT,Left, 10}
end}
setatbr(Reverselow)|
directwr(X+15, T+para,row_arrl11)}
setabtr(lowdisplay)y
end}
End}
#13 1 Begdin (¥ Enter Key #)
disp(X-9, T+1+HaxRaow, X+24, T+3+MaxRow) |
setattr{losdisplay)}
CursarON;
Case (para) of
| + Readsamp(x-9,y+I+maxrow)}
2 1 Readmass(x-9,y+!+maxrow)|
3 { Readscale(x-9,y+!+maxrow}}
4 1 ReadorgV(x-9,y+!+mazrow)}
end; (% Sub Case %)
CursorOFF)
Clrdisp(X-9, T+i+MaxRow, X+24, T+3+Haxrow) |
directwr(X+15,T+para,blanks)}
setattrreverselow)

direcbwr(x+15,Y+para,raw_arr[paral)f



setattr(Highdisplay)]
messagebax{X, ¥, X+26, T+HaxRowt!,2)}
setattr(lowdisplay)y
~ shadow(X, T, X+26, T+NaxRow+1)§
end}
end} (% Case ¥)
Unbil Ch = #27} {Press ESC to HXIT?:
cledisp(X, Y, X+26, T+MaxRowt!) |

end}

begdin. (¥ main #)

end,



CHHRRRRERRRRHRRRR R )
(% Unit OTAGRAF.TPU %)
(HHERHRRRRCRRE R R )

Unit Dtasrafy

[nterface

15es crt,dos, graphy

const minimumk = 0§

var pictpoint ! pointer}
Memused | Word: (¥ byte of memory #)

ch ! charj

Procedurs Opengraf(pabhistring)y

Procedure Closesraf]

Procedure Axislengbh(var Xlong,Ylong!integer)}

Procedure Scalex(var PxperuX,UpertickXireal)s

Function UpertickY(datain 4 real)irealj

Procedﬁre YScale(datain { real} var UpY,PxVireal}]

Function minx(datainireal)ireal}

Function miny{datainireal)irealy

Pracedure orgxy(var orgx.urgylfnteger)z

Procedure getpict{x!,yl,x2,y2!integer{var pictptripointer]
var memo iword )}

Procedure Pubpict(xl,yliinteger)|

Procedure Axis(Scalef,minviireal)}

Procedure Dobdata(DataX,Data¥,ScaleY,minviireal}color!intager)y

Implementation



Procedure Opengraf(pathistring)y
var grdev,grmode | integer)
begin
Jetecteraphlgrdry, grmode) )
case (grdrv) of
| idrmode §= 4§
2,8 igrmode = 5y
3,4,9 idrmade = 1}
5 tdgrmode 1= 3§
7,8,10 tgrmode 1= 0}
-2 ibegin
clrscp:
gatoxy(l, 1)}
srite ('No graphic system ')y
end}
endj{casa}
ini?graph(grdrv,grmode,path);

end!{Procedure Opengraph}

Pracedure Closedrafy

bedin
closegraphi
end}
(§-mmmmm Initial value for DTAgraph --—---——- #)

Procedure Axislengbh(var Xlong,Tlong!inteder)
var grdrv,grmode | inbedger

hegin



Detectgraph!grdry, groode) |
if {gedrv = | ) then

bedin
Xlong = 5304
Tlong 1= 1504
end
else
begiu‘
Xlong ¢=-550y
Tlong 1= 2004
end]
end}

Prﬁcedure Scalex(var PxperuX,UpertickXiresl)}
begin {Pixel per Unit,Unit per tick}

PxperuX 1= 1.0625}

UpertickX 1= 503

end}

Funcbi&ﬁ UpertickT(datain ¢ real)irealy
begin
if datain = 0 then datain $=0.36;
UpertickY i= datainj

gnd}

Pracedure YScalel(dabtain 3 realj var UpY,PxVireal)}
begin {Pixel per Unit,Unit per tick}

UpY 1= Upertick¥(datain){

PxY 1= 20/UpYy

end]



Function minx(datainireal)irealt
bedin {minimum value of x}
minx {= datainj

and}

Function miny{datainiresl)ireal}
begin {minimum value of ¥y}
miny {= datain}

gnd}

Pracedure orgxy(var orgx,orgy!integer)}

var Xlng,Tlng ! inteder}

begin
Axislengbh(Xing, Ting);
argx {= round((getmaxx-Xlng)/2)+15}
orgy {= round(((getmaxy-Tlng)/2)+7ing)}

end}

proceddfe getpicg(xl,yl,xz.yzzinteger:var pictptripointer}
var memg  word
begin
Hemo i= lmagesize(xl,y!,52,72}}
getmem(pictptr,mema) |
getimage(xl,yl,x2,y2,pictptr")}

and}

Procedure Pubpict(xl.yl:integer);
begin

putimage(x1,yl,pictpoint”,normalput)}

"



(fmmmmmmmmmmm e Drawing Axis -------=-=-- #)
Procedure Axis{ScaleY,minvTireal)j{5how Axis}
(# Consist of subpracedure!
Thicky
Thicky
Axisﬁame(Xname.Yname): *)
var Xlngs,Yings,orX,orY | integerj
PuX,Pul, UtX i realy

minvk ! realy

Procedure Xbicky
var i,pxpertick ¢ integery
j t realj
s | string}
begin
prpertick != round(Pul¥UtX);
J = minvd) { 1= 0§
setbextstyle(Smallfont,Horizdir,2)§
settext justify(Centerbext,Contertaxt)
repeat
setlinestyle(UserBitin, £ NoroWidbh) { Tick line }
line (orX+i,orY,orX+i,orT+4)}
setlinestyle(UserBitln, $aaaa,NoroWidth)j{ Grid line }
line (opX+i,orT,arX+i,or7-Tinds)}
sbr(ji632,5)}
uubbexbxy(orx+i,orY+10;5);
§ 1= Y
i 1= 1 + pxpertick}



unbil ({orX+i) > (opX+Xlngs) )y

and}

Procedure Thicky

var i,pxpertick 1§ iobteder]
i 1 real}
s | sbring)

begin

pxpertick i= round(PuT#Scalel)}

J 1= minvly 1= 0y

sebtextstyle(Smallfont,Horizdir,2)

sebbext justify(Righttext,Centertext)

repeat
seblinestyle(UserBibln,Sffff.NormWidth);{ Tick line }
line (orX,orY-i,orX-4,or7-i)}
setlinestyle(UserBit In,$aaas, NornWidth)j{ Grid line }
line (arX,urY-i,orX+Xlngs,arY-f);
sbr(ji1612,5)}
gubtextxy(orX-10,0r7-i,5)}
§ 1= #calel]
i 1= 1 + pxperticky

wntil ((ar?-i) <= {opY-Tings))y

end}

Procedure Axisname(Xname,Yname!string)}

var j ¢ integer}

begin )
settextstyle(5,Horizdir, 1)}
setbaxt justify(Centertext,Centartext)|
j 1% round(orX+Xlngs/2)}



outtextxy(j,orT+30, Xname)}

settext justify(lefttext,Bottombext)y
j 1= orT-Tings-54
guttextxy(orX, j, Tname)!

end{

Procedure Headname(Head!string)|

var j | inteder} _

bedin
settextstyle(d,Horizdir,2)}
sabbext justify(Centertext,Centertext)|
J 1= round(orX+Xings/2)}
outtextxy(j,orY-(Tings+35) ,Head)

end}

Begin [Axis}
Axislengbh(Xlngs,Tings)
ScaleX(PuX,UtX)}
Ychle(ScaleY.ScaIeY,PuY);
pinvd 1= pinx(minimumi)
argX¥lorX,orY)}
line(arX,orY,orf+Xlngs,or)}
linelorX,orY,arX,or7-Ylngs)}
line{or¥+Xlngs,0rY-T1ngs,orX,or7-Yings) |
line(or¥+X1ngs,orY,orX+XIngs, orY-Tings) |
Tbicky
Tticky
Headneme('Differential Thermal Analysis')|
Axisname('Temperature (Celcius)' #127T+'T (Celcius) ')y

end}



{%-- Plot Graph %)

Pracedure Utopix(PperlU,Unitsireal} var pix!integer)y

begin
pix 1= round(PperU*Units);

end|

Procedure Dotdata(DataX,Data¥,ScaleY,minvYirealjcoloriinteger)y
var orX,orY,Xings,¥ings,Xpix,Ipix | inteder|
Pux, Puy, Ut X, minvX ! real}
begin
Axislength(Xlngs,Tings)
ScaleX(PuX,UtI)
1Scale(ScaleY,Scalel,Pul)y
pinvX- {= minx(ninimumX)}
orgkT{arX,orY)}
Utopix(PuX,DataX-minv, Xpix)}
Ipix 1= Ipixtorly
Ubgpix(PuY,DabaY-mian,Ypix);
Ypix 1= or7-Tpixy
if (Xpix > orX) and (Xpix < (or¥+Xlngds)) and
(Tpix < orf) and (Ypix > (orY-Vings)) then
putpizel(Xpix,Tpix,color)y

end}

begin {main}

end.



CRERRRRERRRRORRRRERR )
(# Unit DTAKEY.TPU #)
GhBRRRRRERRRRERR R )

Unit DtaKey}

[nherface

Uses Crb,Dos,ScréenOl;

var Crttype | bybe Absolute $0049:0040;
Scrnsed ! longint
¢ ! char}
Funckey 1 booleanf

const Monqseg = §b0003
Calorsg = §6BO0}
CR = #13; BS = #B § SP = $32; ESC = #27y
UP = 727 LT = #75§ BT = 4771 DN = #80y
HOME = #71; END_Key = #79;

(% Part 1 + Crt

Procedﬁre directwr{col,rawibytejst | string)y

Function GetchXY(cal.raw;bybe):char:

Function GetAttriY(col,rowibyte)ibyte;

Pracedure background(ch!stringx!l,yi,x2,y72ibyte)}
Procedure shadow(x!l,y!,x2,y2ibyte)}

Pracedure messagebox(x!,yl,x2,y2,5tyletbytel}

(F=mmmmmmmomm Extention of CRT part
Pracedure Disp(X1,Y1,%2,Y2:byte)|
Pracedure Clelisp{Xi,¥1,X2,T2ibytel}



E
—

¢ SE— Part 2 ! Keyboard
Procedure ReadFunckey(var keyichar)i
Pracedure Readchr(var ch ichar i

' var funcibyte);
Pracedure myRtrim(strINistring} var steQUTistring)}
Procedure amyltrim{stri¥istring} var str0UTistring))
Function testch(var chichar)ichar|
Procedure Readstr(bstristring {loop ibyte § var astr ¢ strind)y
Procedure ReadInt(bint:integerjloop ibyte | var aint | integer;

var code ! integer)}

Procedure Readreal(brealirealiloop,Deciibyte | var areal  resl)

var caods | inbeger)]

[mplementation

(kmmmmmmmmmes Part 1t Ot *)
(BERRRHEESS Direct video ram FRRREBFRRERSHE)
(% set attribute by procedure setattr(attr) %)

. Procedurs directwr(col,rowibyteist i string)}
var Pﬁs ! bytey
Ofset ! word}
badin
Ofset t= 160%(row-1)+2%(col-1)}
For Pos 1= 1 to lengbhlst) do
begin
Memlvideosegiofsetl 1= Ord(stlposI)y
Mem[videosegtofset+l] 1= textatir]
Ofset 1= Ofset + 2§

end}



end}

Function GetchXV(cal,rowibybe)ichary

var Pos :'byte;
Ofset ! word;

begin
Ofset 1= 160%(raw-1)+2%(cal-1)}
GetchIY = chr{Men[videosegiofsetl)|

end]

Function GetAttrXY(col,rowibyte) tByte;
var .Pos | byte}
Ofset 1 word}
bedin
Ofset 4= 160%(row-1)+2%(cal-1)}
GetAttrXY 1= (Memlvideosegiofset+11)}

and}

Procedure background(chistringixl,yl,x2,y2ibyte)}
var i,j ! bybe{
begin
i
repeat,
i1=0
repeat,
directwe(xl+i,yl+j,ch)}
i1= i+
mbil (x4 > x2)
j 1= gty
wntil (yl+] > y21



and}

Procedure shadow(xl,yi,xZ,yZ:bybe);

var | { bytei

repeat
directwr(g2+],yI+1+{,GetchXT(x24],yI+1+i))}
directwr(x2+2,y1+1+i,GetchXT(22+2,yl+1+i)){
i1= i+l

unbil (yl+4i 5 y2+l)y

it= 0y

repeat
directwr(x1+2+i,y2+1,GetchXT(x1+2+i,y2+1 1)}
1= i+

until (xl+{+1 D 12}

end}

Procedure messagebox(xl,yl,x2,y2,5tyleibytel}
var 1 | byte}
begin
case (style) of
2 1 begin
directwr(x!,yl,chr(201}}}
directwr{x2,y!,chr(187))}
directwr(xl,y2,chr(200) )
directwr(x2,y2,chr(188)}}
b=l
While (yl+i <= y2-1) do

hedin



directwr(xl,yl+i,chr(186))}
directwr{x2,y!1+i,chr(186))}
Inc(i)}
end}
i
While (xi+i <= x2-1) do
hegin
directwr(xi+i,yl,chr(205))
directwr(xi+i,y2,chr(205))}
Inc(i)y
end}
end}
| t bedin
directsr(x!,yl,chr(218))}
director(x2,y!,chr(191)};
directwr(xl,y2,chr(192))4
directwr(x2,y2,chr(217))}
1= 1y
While (yi+i <= y2-1) do
begin
directwr(x!,yi+i,chr{179)}§
directwr(x2,yl+i,chr(179))}
1= i+
end}
i1= 1y
While (xi+i <= x2-1) do
begin
directwr(xi+i yl,chr(136))}}
directwr(xl+i,y2,chr(136))}

1= i+ly



end}
gnd}
end}icasel}

end}

Procedure Disp(X!,T1,X2,T2ibytel}
begin
Setattr(highdisplay)}
BackGround(' ', XI,71,X2,Y2}4
messagebox(X!,¥1,X2,12,2)4
SetAttr(lowdisplay)y
shadow(X!,11,%2,12)}

end}

Procedure ClrDisp(X1,¥!,X2,T2ibyte)}
begin '
SebAttr(highdisplay)y
BackGround(chr(177),X1,11,12,12)}
shadow(X!, 7!, 52,72)4

end}

Procedure ReadFunckey(var keyichar)y
begin

key 1= readkey

if key > #00 then

Funckey != false



else bedin Funckey = truej
key != readkey} end}

and}

Procedure Readchr(var ch ichari
var funcibyteli
var regsiregisters]
begin
pags, AR 1= §00)
intr(§16,regs)} .
ch 1= chr(regs.AL)}
func {= reds.AH}

end}

Procedure myRtrim(striNistringj var strQUTistring)}
var iyj ! inteder}
quit! booleanj
begin'
i 1= length(strIN)+1}
quit 1= false}
while quit = false do begin
i=i-l
if strIN[il O ' ' then quibt 1= true}
end}
strOUT 1= copy(steiNi,i)}
strOUTCO] ¢= chr(length(str0UT) )}
end}

Procedure myltrim{strINistring} var strQUTistring)}

var i,j ! inteder}



quit | booleanj
begin
i1= 0
quit 1= falsej
while quit = false do begin
117 i+l
if steINCI1 O ' ' then quit += truey
and} .
str0UT 1= copy(steIN,i, lengthistrIN)-i+1}}
strOUTCO] i= chr(length(ste0UT) )}

end}

Function testch(var chichar)ichar]
var reg | redistersy
begin
repeat
reg.ah 1= 1} intr(22,reg)}
unbil (red.flags and Fzero) = 0§
ch = chr(red.al)} testch {= chj
if ch < #32 then chi= readkey}
if ch = #00 then chi= readkey;

end}

Procedure Readstr(bstristringjloop 1hyte | var astr | string)}

var i | bytej
scan § byte}
ch 1 charj

quit ! bocleanj

X,y | byte}



Pracedure Delete(striNistringjvar strOUTistring)
var ptr,x,y | byte)}
begin
ptr §= lepgth(strIN)+1;
if ptr O | then
begin
pbr 1= pbe-1}
write(ch)y
weite(' ')y
weite(ch)y
str0UT = copy(strIN, !, length(strIN)-1)
end
else
write(*G)}
l x 1= wherex} y !~ wherey)

end}

Pracedure Character(loopibyte; strg ! string)
var strg2 ! string)
var pteyx,y | bytely
begin
pte 1= lengbh(strg)+l}
if ptr > loop then
Hrite("G)
else
begin
write(ch)y
Pte 1= ptr+ly
strg2 1= strgtchy

end}



% {= wherex} y != wherey]

end}

Procedure Enterfey(strgistring} var strg2 istring;
var quit tboclean};
begin
if strg = '* then begin strg i= #13} quit i= true} end
élse begin strg2i=strg} quit != true} end;

end}

Procedure Escape(var quitiboolean)|
begin
quit 1= trusj

and}

begin
X != wherex | y != wherey}
asbr 1= bstry
i t= length(bstr) + 1}
quit {= falsse}
repeat
readchr(ch,scan)
i%l(ch = ¢r) and (scan = $lc) then Enterkey(bstr,astr,quit)}
if (ch = esc) and (scan = §01) then Escape(quit)}
if (ch = bs) and (scan = §0e) then
delete(bstr bstr,i,x,y)}
if (ch > #00) and (ch >= #32) then
character{loop,bstr bstr i, x,¥)}
goboxy(x,y}}

unbil quity



Procedure ReadInt(bint:integer{loop {byte | var aint ! integer!

var code | inteder)y

var i i byte}
scan | byte)
ch 1§ charj

quit,minusflag ! boolean}
Xy ! byte)
transh ! string}

oldval { stringj

Procedure Delete(steINtstringjvar strOUTistring)
| var pbryx,y | byteld
begin |
ptr 1= length(strIN)+1}
if pter > 1 then
hegin
pbr 1= phe-1}
write(ch)y
write(' ')}
write(ch)|
steOUT 1= copy(strIN, 1, length(strIN)-1)}
end
else
weite(*G)y
X 1= wherex} y {= wherey|

end}

Procedure Inbtnum(loopibyte; strd :.stringi



var strg? | string}
vap pteyX,y ! bytely
bedin
ptr 1= length(strg)+l}
if étrg[l] = '-' Lhen
begin

if ptr > loop then Write("G)

else
begin
srite(ch)]
Pbr 1= ptrtly

streg2 1= strg+ch)
and}

end}

it steglll ¢ '-' then
hegin
if pte > loop-1 then write()
else
begin
write(ch)y
ptep 1= ptrtl}
strg2 1= strgtchi
end}
‘end]
X = wherex} y = whereyj

end}

Procedure EnterKey(strgistring} var strg2 istring}

var quit Ibuuleaﬁ);



begin
if strg = '' then begin strgl 1= oldval} quit i= truey end
else begin strg2i=strg] quit 1= truej end;

end}

Procedure Escape{var quitiboolean);
begin
quit 1= true;

eﬁd:

Procedure minus(strIN ¢ stringjvar steOUT 1 string}
var ptr,x,y | bytely
begin
pbr 1= lengbh(strIN)+1}
if (minusflag) and (ptr = 1) then
begin
weite(ch)}
ptf = ptrtly
strQUT 1= stelN+chy
minusflag i= false}
end
else write(*G)y
) I 1= vherexjyi=wherey}

end}

begin
X 1= gherex | y {= wherey}
str(bintiloop,transh)y
oylbrim(transh, transh)|

oldval {= transh)



i 1= length(transh) + 1}
quit 1= falsey
minusflag = false)
rapeat,
raadchr{ch,scan)}
if {ch = cr) and (scan = §lc) then
bedin
Enterkey(transh,transh,quit)}
end}
if (ch = esc) and (scan = §01) then
begin
Escape(quit)} transh {= oldval}
end}
if {ch = bs) and (scan = #0e) then
delete{transh,transh,i,x,7)}
if (ch ¢ #00) and (ch >= #32) then
case ch of
'-'t bedin minusflag {= true} minus(bransh,transh,i,x.¥)}
gaboxy(x,y)}
end}
'0t..'9" ; inbonum(loop,transh,transh,i,x,¥}}
glse write(*G)]
end}
gotaxy(x, ¥y
until qﬁit;
val{transh,aint,code)}
if code ¢>0 then codet= 255}

end)

Procedure Readreal(brealirealjloap,Deci thyte | var areal | real}



var code ¢ integer)|

var i | bytei
scan | byts}
ch | char]

quit,minusflag,pointflag | hoolean)
T,y | bybe}

transh | string]

aldval 1 stringj

tempsb‘: string}

Procedure Delete(strINistringivar strOUTistring)
var ptryx,y | bytel}
Begin
pte 1= lengbh(steIN)+1g
if ptr O 1 then
bedin
ptr 1= pte-1}
write(ch)|
srite(' ')}
weite(ch)}
str0UT 1= copy(strIN,!,length(strIN)-1)}
end
else
write(*G)y
X 1= wherexj y != wherey]

end}

Pracedure Realnum(loopibytel strg 1 string]
var strg2 ! string)

var pbryxyy | byte))



begin
-ptr 1= length(steg)+ly
if stegl!l = '-' then
begin
if pbr > loopt then rite("G)
glse
begin
write(ch)}
Pte 1= petly
sbrgl 1= stedtchy
end}

end}

if steglil & *-' then |
hedin
if ptr > loop then write(*G)
else
begin

write(ch)}

phe 1= ptrtl}

strg2 1= strgtchi

X |= wherex} y {= whereyi

end}

Procedure EnterKey(strgistringj var strg2 istring}
var ﬁuib lbooleén);
hegin

if strg = '' then bedin strg2 ¢= oldval} quit 1= truej end



else begin stre2i=strd} quit = btrue) end}

end}

Procedure Escape(var quitiboolean)
begin
quit 1= bLpuey

end}

Pracedure point{strI¥ !¢ stringjvar steOUT i string}
A var ptr,x,y ¢ bytely
var j | bybef
begin
ptr 1= length(stelN)+1}
=0
repeat
if strINCF1 = '.' then pointflag i= false}
jrEi
umbil (j = pbr) or (pointPlag = Palse)s
if pointflag then

hegin
writelch)}
pte = ptretl}

strOUT 1= strildch)
pointflag 1= false}

end

else wribe("G)]

X {= wherex | vy !* vherey}

and}

oncedure pninus(strIN ¢ stringjvar ste0UT ¢ string)



var ptr,x,y | byte)

begin
ptr 1= length(strIN)+1}
if (minusflag) and (ptr = 1) then
begin
sritelch)}
pte 1= phptiy
steQUT 1= strlN+chy
minusflag = false}
end
else write(*G)}
X i= wherex}y!=vwherey}

end}

begin
str(brealtloopiDeci,bransh)y
myltrim(transh,transh)|
oldvel {= transby
tempst 1= '0"}
i 1= length(transh) + 1}
quit 1= false}
X 1= wherexj y I= wherey;
gaboxy(x, ¥}
ninusflag 1= false|
pointflag 1= false}
repeat

readchr(ch,scan}}

if {ch =cp) and (scan = §lc) bthen |

begin

Enterkey(transh,transh,quit)}



end}
if (ch = esc) and (scan = $01) then
begin
Escape(quit)} transh = aldval}
snd}
if (ch = bs) and (scan = §0e) then
delete(transh,transh,i,x,¥)}
if (ch > #00) and (ch >= #32) then
case ch of
'.'1 bedin pointflag ¢= truej point(transk,transh,i,x,y)}
gatoxy(x,y)}
end} |
*-'1 begin minusflag ¢= truey minus(transh,transh,i,x,y)}
gotoxy(x,y)}
end}
"0'.,'3" 1t realnum(loop,transh,transh, i x,¥)}
glse write("G)}

and!

gotoxy(x,y)}

unkil quit}
if transb{11 = *,' then transh i= "'+t ransh]

if transhllength(transh)] = ',' then transb i= transb+'0’}

if (transhC1l = '~') and (transh{2] = ',') then

insert(*0',transh,2)}

val(transh,areal,code)}

if code ¢> Q0 then codei= 255

and}

beginimain}

end,
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GENERAL DESCRIFTION "* -~

The ICLT108 1s e high performance, CMOS, ' low:power
mi=c-aung A/D convene gesignel 1o ea_su. mter‘a,e with
MiZrOprocessors

The 1 gata (12 bs, poiangy anc cvena"hge) may be
drrachy accessed under convoi O twe Dyle enadie inputs
2nz a2 chip se2iect inout tor @ simpie paraliel bus interface. A
2n3share moas < provided 12 aliow the ICL710S 1o
wonh Wit inoustry-stancarg UARTS in providing senal data
rzasmission, idea: 107 1emoie caiz kogoing eppliicabons.
Tne RUN/HOLD 1input ang STATUS outpun ahon nomtonn::
anc convoi of conversion timing

The 1IC[7102 ,yovxa.s the user with the higt
law noise, low gtk versatity anc -economy o' Ihe ogual-
siope integrating A/D converter. Features like true difieren-
tal inpstanc reference, ik of less than 1pV/°C, maximum
nput bas cument of 133A, and Yypicz! power ‘consumption
22mW make the ICL710¢ gn etvactve par --.a'\r.a! aiter-
log mutuplexng fo ition

c

of

dve 1C an
piiczbons,

/G iINFORMATION

© “FEATURES 5F

uas

—zezzi §CLT7108
B

tpP Compatible
A/D Converter

-.,._‘._ S

® 12 Bit Binary {PJus Poxanty and Overrange) Dual
Slope Integrating Analog-to-Digital Converter’

* Byte-Organized TTL-Compatible Three-State Outputs
anc UART Handshake Mode for Simple Paraliel or
Serial Interfacing to Microprocessor Systems

* RUN/HOLD Input anc STATUS Output Can Be Used
to Monitor and Control Conversion Timing =~ -

* True Differential input and Differentiai Reference -

® Low Noise — Typically 155V p-p ) i

® 1pA Typical input Current .
: ® Operates At Up to 30 Convers»ons Fer Second _'_

* OnChip Osciliator Operates With inexpensive
3.58MHz TV Crystal Giving 7.5 Conversions Per
Second for 60Hz Rejection May Alsc Be Usea With
An RC Network Osciliator for Other Clock o5

F requencves

IcCL7109

2oy yedena

W

s

R R TOTO
alas odh s s

131

b

R R

e

-
ORDERIN
- 1 . 5 _ N - | -
i Part Number | =: = =Temp.Range ° b g e Package =
| . iCi7isaMDL -55'Cto - 125°C B, S 4C-Pin Ceramic DIP. | - .
| ICLT10%DL -25'Cto +€5°C e oA 43-Pin Cerar
! ot TiN -25°Cto = 85°C . 40-Pn CERDIP -
I 1ICLT123CPL S e RS D S 40:Pin Plastis DIP====== =
o= 5 o=
16PVIEU e e e
e —Tiorno . - NV VikS +5V .
28TATUS | - . REFIN-I§ ) ——————O —
— rj: 3POL REF CAF —38 51_‘ ; . DIFFERENTIAL
CROER | ¢OR REF CAP 37 )— o2 & = --a:r‘s:ncg
Byrg T, qi 812 REF 1N = 3¢ [ ———mm———0
Cutputs [ HEBN W M1 38 PV W—emw’ MIGK
é-=7uo LG 34 INPUT LOW
Jues St common 333 5 GND
B hd wcurtes | NT 32 0———p]
{gcer az 30— :
Lew 3 e puUF X
croer | Jures RCF OUT 29 REF 1N —
EvIE T J13ee e
ouTPUTS 1j1e e SEND 37 i) O =——< REF IN +
jg1582 - ~—- mUNRTIE 2 oseminmfo imommsee g
g € B BUF CSC OUT 25{ - AA~< VT
=5 —J 17 TEST CSC SEL 24 :._—cno 26
evre ~3 (BIR 08T OUT B0
CONTROL — - 18 RBER ©sc i~ i ——m ATV M
weuts L2 LT COAD ®20E 21 [} | TV CRYSTAL
I g
*Rint ¢ 20ui1 FOR C2v REF
200k FOR 2.0V REF
(S= Ficore £ 120 ymaza connecton I @ UART o Microcomputer)
Figure 1: Pin Configuration 2nd Test Circuit i
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Y I SR T AT N T AR RIS e,

lU\u'IO'H.

-
S5 EVESE
ABSOLUTE MAXIMUM -RATINGS -~ - .- - T ET
~Positvs Supply Votage (GNDI5V+) 71T [.1#48.2V o J='Power Dissipation (Note 3) ~ “TTIITRL 1 iE i
-Nagatve Supply Voltage (GNDto V™) . - ---Ceramic Package ........... 30 ETIEE _,!WG?B
A.'ab"lr‘cx.”.\’ol‘éoﬁ(l.amﬁ'){blote1)(..-.._V*_!DV:A.__PJasn_Ead‘aae__....___.___.__SOOmWE+70’C
Raéarsnce input Votiage (Lo or Hi) (Note 1) ... V2, ,to V— -~ ... ~Operating Temperature  _ % gy ®
Dvy=! Input Vohage : =V =i BV_Cea.mmPMQa(MD_) St 55°Cto +125'C
(PrS 2-27) (N8 2) wevcenicnennnns .GND — oav “=L%.Ceramic Package (IDL) . _..—25Cto +85C
- #r ¥ Plastc Package (CPL) . z. ... 0Cto+70°C
I e s S '—_—StoraoeTem;P—amre T'.T‘. ...... " FS‘Cto +150°C
o & e e e s Lead Tempsrature (Soldaring, 10sac) =, ... . +300°C

WOTE: Stesses ad0ve "unhrad.n:d “Absotste Meorum Retogs " mey Sause permanect CEMS6 D 6 Oevics. Thess & STSSS raings only and tunctonal
opazor o the dovee & Moaryobvmm‘mctﬁzladr“-mmmo{nmm~m.ruai:mn:'2mm:
mnmmmuwmm.ﬂumm

ELECTRICAL CHARACTERISTICS - (v+= ;‘SV‘v—

25V, GND=0V, Ta= 2:'c~tcu' =2 2.5 r—

eaging 107 e3ual pos. and (Note E, (Nole By .=:

neq. mputs nearfull szale) -~ -~

otherwise indicated.) Test circuit 2s shown on frst pags o‘,..hs dat= sheeL__,_ 3 — S,
ANALOG SECTION ' . . . % 13 g e ey B 5
Symbel | Parzmiler—— & |~ """ ‘TestConéilions "~ I Min Typ | Max | Udit

l Vi = 00000V Zriee o - =n N

Zero InputR e IR o M . |.-00020 | = _+0002.} Coun

| erc Input Reading Iaze = 2048 mv 0020 | =0000 DOC! ]C»ur‘Ls

]T—ia metns Enor4) - [V.\ =Vagsr = 20485mVv T~ =34 T Tl ['Ccv.z-:ts

™ i I Smale = 40C 6V 15 2 048V ~ - = o e CEE

I'\oml.,m.-: y (Max'déviation - I Fut S.a‘;_ 402.6mV 10 2.048V —1 o =2 |euq Counts

!f’cmbes‘s"a:“tlmeﬁ‘)- - ]Ovarrulx oparating temperature — - -— | - — - iyl Slo=WCNGII, Bit=pee

A | range. (Note 4), (Note 6)- v o

IF‘:. i-over Eror {diference ___-’ Fuit Scale = 402.5mV tc 2.048V =4 12 5—_-4-1 —| counts

|

|

-

1

i

. e J S =V, V=0V — A o i Bl 5 S i, D
o Mods Rejection Ratc | TN . 50 &t VIV
_Cc o :L—E. Scele=4p96mV.~ == = SR el BYIY.
Input Common Mode Rangs - I!npu'. Hi, Input Lo, Common (Note 4) © V=+15 iytzel LV
Noise (p-F value not™™ £ &« Vm'=' oV :‘_‘-1 a s . :
Bn - | excesdes 5% of fme) .v. - | Fuil Scale = 205, -
| {salie w‘renta}m— V=0 All cevices ar25‘C‘ i o
K “ e ot s, | ICLT109CPL 0°CSTaS +70:C{Note 4) ~ ] - _
' JCL7108IDL —25°C<T, f.-.—BS‘C(NDle4) Fim= 2100102250 | "pA
ICL7108MDL —55°C<Ta< +125°C - -- 2 |-i5--) na
! Zerc RezZing Drift - Vpe=0V R =00 (Note 4) 0.2 1 pgv/eCc
Sczle Factor T Temperature ViN=408.8mV=>7770g = 1 -5 oo/ C
Coefficent _-- - _____ |reading .
- Ext Ref. 0 pm/'C(Nate<) il
I S il - =1 i
- Jpply CutentV*t to - Vin=0, Crystai Osc . -
' { GND 2isMEztestcircuit il O A
lsupe | Supply CuemtV= to V= Pins 2-21, 25, 26, 27, 29; open 700 | 1500 | pA
AefemredtoV*, 25k
= Ael Ot itz -24 -2. -
Vage | RetOutVoitage . |betwesnV+ ancREFOUT.. . .. : afjone g R
| Aet Out Temp. Coetficient { 25k.0 between V* and REF OUT l I 80 | 1 ppm/°C

NETE AL npecm i Dy Dew ZaBTwTRC A ol imesed
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£ ELECTRICAL CHARACTERISTICS (v+ = +5v.v- = ~5v,GRDEY, i=25C0
indicated.) Test arcurt as sn'vwnonﬁ:s‘pagao. L'LS'CA-:. shest (vo'mnued) EN

) DIGFTAL‘SECTION AE SRE £ %4 we E
"; ! . " symbol .* Parameter’ =l - Test Conditions oo | o "Typ T—Inx ~{ =0nit 7
: Y Omurinvotage AT o D e s T &
VoL. "-"{ Output Low Volage 1 iggr=1.6mA B R - I e T
55, ik Output Leakage Current ~Pins 3-16 high impedance ~w"-a~ - le: +01: {-21= éém'a'w
7= 77 “Control 1/0 Pullup Pins 18,18, 20 Vour =V *+ =3V .. = W .
= Current MODE input at GND ,\,,; P T (9
e Co'| ro! 1/0 Loading HBEN Pin 12 L8N Pin 18 (N:ne 4) -_: - ’
T P e e
] . -~ B b - TR - Fom T we !
= e —3_lnput Pull-up Cument- —-— | —Pans 2,27 Voup=V+ —3Viz— AN |—p— :
'_ L‘ =227 L Y inog Pull-up Cumment —— - — | - Fans 17, 24 Voug =V —3V—ar g TSR e
E {,;,f— s~ wInpR Puirdown Gurremt .. _ | _Pn21Vour=GND +3V” Tl [T TP st T A
E, EE_ L_ _ - { - Opn ~—|— Ossiliator Outout High Your =25V Sl 45 o mA . ,‘
; { P Oor. ' | Coment | tow | vour=2sv - s enmq15 s |‘
-2l 80oH SButiereo Oscillator High Vour=25V B cetiiace T BN (i ;
E g ) —80p; —{+~Output Curent Low {-Vogr=25V — s =5 =if = ¢ ——d—mA - ’!,
: i~ MODE Inpcr Puise Wit | (Note 4) o R Bl ;

2
Nu"E&‘ mera,uwhmyﬂmmrtrw ..rwreh—n«tt\'lmu
—-—2 Due 1o the SCR stumre mharers 7 The process tsed 10 tadncate mmms—naramaumwmmmqv‘

o bess thar GNT mar cause oessuctve Oewice laicvr For Ts reason 1 & recommanced the! NS MEUTs from Sourtes oné than the same power
DerIre £ POwR” SUD07) 15 eSlatushed, anc hal nm%mmmmwn&hﬁsulmmm |
. - B |
|
P

T i spply be aD0id 1o e ICLTINS
__3 Tres b refers 12 Tha' of The package anc wil NO! bé OOWANSC OUTY; NOMME: OPErELON.
4 Thus parsmele” 5 1O Procduciac tesiad, but 5 puArRMesC by Cesign.
S Rol—ower @m0 12r Ty = =55C 12 + 12570 5 = 3 courrs maxmum
elfx;z»evﬂf'.ao-cucus.uucb-z.&nuu-o':a;ea‘lmmmmwunvoarﬁrv. {
|
)

. For Certy pexage the hzdomerx et can be —& (Min)
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TABLE 1: Pin Assignment and Function Description —-— i St
Y Descnipbon ¥ 5 | {Pni  Symbo! Descrption
GND i Daga’ Ground, OV. Grounc rewm tor ak dgna! 21 | MODE | tnout Low — Drect outut moce where
lbgr _ . | CETIED (P 20), FSER (P 1) and TBER
STATUS ~-LQra.r High ounng miegrale anc dermiagrate (Pan 18) act s mouts Crectly cowolung bﬁ'
Surten | wntl caiz is latched. ouputs.™ )
Omfmwenmmo*se*.»msn&no I Putsad High — Causes immediate enry
Zero conhigurabon . 0 handshake mods and output ol cz:z asn
Figure 10.
3 | POL Potamy — Hi for Posive mput Iru.n Inpist High — Enavies CETIOAD (PnQO)
4 |'OR Overrange — H' ff Overrangec o HSEN (Pin 19, ana [5EN (P 18) as
- ou:ams.hans*.an mods wili be enterad and
1 112 Mast Signrfican’ Sit — - | e —t e - :
d B a-:_: L Btocnton - H- —_— dals output 2s i Figres 8 and § at -~ —— -:2
6 B11 B 11 : conversion completon. — =
7 | 810 8110 ) Al _".j22 |osCIN | Osallatordnput” 7T T ;
e | es B19 tvee 22 |oscouT © | Osallator Ouput .
9-188 Brg state 24 | OSTSEL Osxciliator Setect — input high configures 2
10 | 67 ~ 5n7 Hi=tue ouout o OSC N, CEC OUT, BUF OSCOUT as RC” :
R osallator — ciocxk will be same phase and ~—
11 | 8 data » - —_—
auty qae as SUF CSC OUT.
12 bits — input iow configures OSC IN, OSC OUT for
13 crystai oscliator — clock frequency will be :':
1/58 of frequency at BUF OSC OUT. %
14 L
2 25 | BUF OSC OUT | Butfered OsSilator Ouput=—"~ .
15 H
25 | RUN/HOD Input High — Conversions contmuously _ 3
1 (Le2s! Signifizant performed every BTS2 Giock puises. - ¥
17 " — Norma' Operaton ) Input Low — Conversion in progress
= it Low — Forzes al' br outpeats hgh. - = compieled, convertar wui Sop o U)wo 7
Nt This input 1s uses for lest pupases oly. counts before smegrata. ot
Tie hgn if not usad 27 | s=» Inpt =Us2¢ in handshake mooc o indicate b 1
1€ | ZEN Low Byte Enadie — With Mods (Pir. 21) jow, == = i7y of an extemal derce to accert catz. 3
and CE/LOAL i7in 27} low, tawn == | ConnesT10 =SV nctused --7 & — 2= S s
2cuvales low orger bvie owp s B1—BE. - | — 28 |v- Analog Negatve Supply — Nom mmal -5V 7=
| T T S 4 - S Wik resoact 1o GND Pic 1) ' H
. -—-J- Mo:)= (n' 21) high, thus pin serves as a — = T Ou TR v\.gv
low byie flag ouTs used n}'.a. 2shak¥mode. 2_"‘ ee":f:s ;_of:age‘ow—homnaryz
See Frgures €, 9. 10 do TOm (Pin £0).
19 ‘High Bvie Enable— With Mode (B 21) lowTis [ £ ¢ | 30 { BUFFER .| Butes Ampliher Outnt
—- | ———t-and CEJLTAD (Pin 20) low, taking thes pml:w—- ~-—-1 31 { AUTO-ZERO—{ Auto-Zero Node— insioe fow of Cpz . ~
:g»aées high 002! byte outouts 89 — 812, 32 | INTEGRATOA | Integrator Ot = Outsioe fou 0! Cryr T2 7 i
3 L OR. - - - ———— % e s
- . o 33 | COMMON Aralog Cemmon— Sys!e— 1s Auio>-Zeroed to
| = Wiz Mode (Pin 21) high, this pin sarves as a - COMMON . . = :
- [high oyte flag outut used in hangshake rnoda 34 | INPUT LO Ditferentia’ Inpst Low Side N b
See Ficures 6,8, 10. - : =, 25 | INPUTHI -+ —| Drtferential lnput High Sice iR B ‘ !
20 E/L Chip Enzble Loa? — Wrh Mode (Pin 21) low. p e 3 < e P = ,
6 | REFIN + Ditferentai Reference Input Posve  ~
TE/LT=D serves as a maste ovtput enable.~ — P -
When high, 81— B12, POL, OR outputs are - 57 | REF CAP + Relerence Capacior Positve M
csabied 38 | REF CAP ~ Reference Cada=tor Negauve S s
asg £s ot - - l=
— Wit Mooe (i 21) hig, this pir AL E 33 | REFIN Drierenta’ Reference input Negatve
lcaZ stobe used 1n hanashare mode. Se6 40 | V* Posrve Supply Volage — Nomunally + 5V
Fizres € 8,10 wrih respect 1o GO (Pin 1)
Note: Al oignal ievels ere postve tue.
NET. AL hDcE vaAms feve Deer. COa BIIATRC D0 87 A lasied oWt e e o = e - =
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anure 28: Typu;a! Connection Diagram Paralie! Interface With 8046 l-(xcrocompmer

DcTAILED DESCRIP_TJON o

Anaiog Section

Figure 3 s“r‘vxs the equuale'ﬂ circuit of the Analogz Sec-
ton of th L7103. v.her\me RUN/HOLD input is le4 cpen
or conne:led toV+, th it will perform conversions at 2
rate determined by the cloch frequency (8192 ciock penods
per cycle). Each measurement-cycie +s divided into-three
phases as shown in Figure 4. They 2re (1) Auto-Zero (AZ).
(2} Signal Integrate (INT) and (3) Demtegrate (DE).

NETE AL s vasms et beer Chaaciesed D st nol sesied

Auto-Zero Phase

Dunng auto-zero three things thp"n First, input high
end low are aisconnected from their pins and intemally
shorted to anzlog COMMON. Second, the reference capaci-
for-is charped 1c the reference voltage. Third, & feedback
loop is ciosed around the system to charge the auto-zero
capacitor Cxz to compensate for offset voltages in the butt-
er emplifier, integrator, and comparator. Since the compara-
tor is included in the Joop, the AZ accuracy is mited only by
the nose of the system. In any case, the o‘fse‘. referred to
the wp.r. 1s less than 10pV.
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STA’LS OLTI'PUT

o i ;—— couw.* =L

- . . i DRTAD Yepitd

| see, MINGi2 i-\ = COUNTS

i L.l < NUMBER OF coun'rs TO ZERD CROSS!
- 2 s _ -~ - PROPORTIONAL TO Vi

Figure 4: Conversion Timing (RUN/HOLD Pin High) * -

BE N AUTOZERO - ...
= . CONFIGURATION ~

Signal Integrate Phase si8 e A S 5
_/-'m" signal 1 "tr-:'-'e the auvto-zero bop rs Cyened "the
nteme! shon is removed and the intemal high and-low in-

p.."s zre connecled to the extermal pins. The converter then

intzgrates the differentia' voltage between IN Hl and 1IN LO

for & fived time f 2048 clock periods. Noie that this ditfer-
ential »o.'.aa='r'ixs.‘be'w§:‘nin the common mode ranga ‘of

tne inputs. At the end of this phase me po!a'."y ohhe ant c—-‘

crztlec signa! :s ds‘e’m.nﬂd

NITL Al ore' VRl S e SaraTTerTec B an not sested

De-integrate Phase’ S
The finz! rhaseds sé—mhﬂate or :efE'=-|ce mieﬂ' te. ln-
t low is intemally connected to analog CONNDN and in-
pul highis cc 'mefted across me previously cba'"ad (d.xma
auto-zero) re! erenca vapa“‘tor . Cir cun:ry within the chip en-
sures that .ﬁe.ca,.acwr will be connected with the’ co"rect
polan'y 1o .cause the lmegrzlor-ou‘.p.n 1o retun 10 zero '
cssing (establ shed in Auto Zero) wrth a fixed siope. Thus
he tme for the o..".p.n 10 r2tzn fo zero (repr esented by L‘ae
number of clock penods counted) is proporucniai 1o the in-
put signal.
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Mifferentiz lInput ——————=
i The inpwt can accep! driferential voltages anywhere with-
1in the common mooe range of the mput ampliher; or specifi-
wcally from™1.0 volts beiow the posiove supply.ic 3.5 volis
:adove the negative supply.in s Tange thesystem has e
CMAR of 86d2 tymcal. However, since the mmegrator aiso
iswings with the commeon mode vohage, care ust be exer-
‘cised to mssure the mitegrator autout does not saturate. A

—n.r*.r stage with 100pA cf quiescent curre

worst case condhon would be 2 jarge positive common.

\MOCE voitage with a.near ful-scale necative drtterentat in-
‘put voiiage. The negative mput signal drives the mtegrator
.posiirve when most of its swinghas been used us by the
‘positive common mode vohage! For Ihese critica! applica-
tions the integrator swing can be Tedicet 10 Jess than the
resommended 4V full scale with somesjoss ol acciracy. The
-.:e:’a or outout can swing within 0.3 vohsvfe he' supply
iwithout loss of Tineartty. . IR < =
TheICL7108 has, bowever, been o:mm:zed Tor ¢ o:»vatmn
rwith 2nalog common near dignal ground. With power :sup-

~

‘piies ol_+ 5V and —EV, this aliows & 4V. ' #4l{ scale integrator -.

Tegucedturther={ hiswilimorsase boS TIos==-< Yoliove:r
=&V mav

Integranng‘ﬂesxslor S

= be.hl'.".’er amoiifier and the integrato- ==v= 2 class A

20pA 0! dnveeonem with negligible non-t
_ -graung resistor. should be large enough
-.very.linear ragion over the input vohage.rzcs but smali
. enougfithat undus1eakags requirements £7¢ ~c- placed on
-the PC board. For 4095 volt fuli scale, 200+, < near opti-
mum-and simitarty a 20k for & 402.6mV sz <. For other
- values of ful! scaie voitage, R,m snoulu bz —csen by the
relation S

b M‘ s..ale vollaoe ~
ANT=——— 7
O B . ———ZOF-A S AW DD
Integrating Capacltor s ;
- The integrating capacitor Cr-should be s==2tes to give
_ the maxdimum integrator.cutput voltage swinz w 5Hout satu-

'Swing positve or negalive thus maximzing the pariomance — _rating the intsgmator. {approximately 0.3 voli >~ either-sup-
<! the analog secvon. : e ply). For the ICL7108 with =5 vok suppliz: 2nc analog
] common connected to GND, e =3.5 to x4 vzi integrator

\Differential Reference
The referenice vohage car b genz 'a1e" anywhere within
1ne power supply voltage of the convene~. The main source
©f common mode eror & a roli-over voliage czused by the
*eference cagactor ksing or gaining charge to stray casaci-
ty on its nodes.  there is e large common mode voltage;

-

output swing is nominal. For 7-%; conversomz per second
T161.72hHItlock Trequency) 2s providsd by = =vstal oscil-
_lator,~nominaiwvalues4or-Cppi7 and Cpz &= _:15uF and

1 . Z0.35,F, respectvely, If different cioch f‘e:za—‘r are used,
- -» —these values should be'changed to mainiza - t= integrator

aA outpu“ya.ag‘ swing.n genaral, the valus £° Cn7 is given

reference capagitorzan gain charce (increasevolage)

by

when calied up o demtecate 2 pestive signal but lose
tcharge (decrease vo'tage) wnen calied Lp to daintegrate a
nezalve input signal. This a..-e.ence in re;aeﬁ_c fo- {+)or.
- ) input voltage will give a roli-over eor. However, by
el e: ing the refere":e czpacitor darge €nough in compan-
sor to the stray capacrance, this Em -can bz heic tc less

12’1 C & count for the worst case. coaa.uan \ (see Component

aiues Seiection below). o ol

The rc'-over eTor fro"n t:‘-ese sources is wr:—u-—\-'e:! by
S tne reference common mogde voliage nea' or ct a na-

r
Component Value Selectlon——-
For opt™um performance of the enzlog section, care
must be tzken in the selection of velues for the integrator
capecior end res:stor, autd-zero capacitor, reterence volt-

_ (2048) cloﬂ pﬁnod)(ZOu.A -
o integrator output votiage swin -

_ zpplzalionpolypropylene casacttors cive us

oMY, ], = e - -
COMIOR. ; «eme—-—...COUNtOf £rTOr due 1o dielectnc absorpion..

. r\h.aﬁdﬂ."".a. re:.ure'“e' of the |'*‘e'“a“' cezacnor IS
that it have low disiectnc absorption 2 preve= roli-over e«
= rors. While other Yypes of capacitors are asez_ate for this
ectable er-
rors &l reasonabdle cost up to 85°C. For the y tempera-
" wre range, Tefion® caosacitors are Tecom™=1g5e3. While
therr dielectnc absorption charactensics vz-y somewhal
_rom unftlo unit, selected davices shou!d grve iz3s than 0.5

Auto-Zero-Capacitor -

. The sze of the suto-zero capacitor has szme infiuence

“T:on the noise of the system: & smalle: phys:zz' size and a

22g, anc conversion rate. These velues must be chosento. -

<uit the patticuiar applicaton.” £y ‘l‘t_’_“

The most important oo'zsxderaho'\ is :hal the m.e:-alor
cutput swing (for full-scale iput) be.as large as pcossidle.
For_exampie, with * 5V supplies and COMMON connected ™
1o GND, the nomma! integrator ow;:..smnﬂ 2t full scale is
= ¢V. Sinze the ntegrator outbut can o 1o 0.3V from either
.ﬁomsv“m‘lcanﬂy'a“fewﬁc inearty, 2 &V integra-
ut swing allows 0.7V for variztions m outout swing
g.e to ctomponent vaL:e 2nd” csa:ta‘.o' tolerances. “Wrth
= £V supphes and 2 common mode r2nge of-‘ 1Vregurred,
the companent velues should be 'selecied to prowde =3V
:7'210’ m.r. swing: Noise=and rollover erors will be
shightly wotse than in the +4V-case- For la'oe' common
mode volizze ra'\oes t‘xewn!ec-ator ..,U‘ sw'tc mus'te

- . e &L T

AITL A Doace weess twrve D COMrRCIrTeC DS WV 0O e

larger cazacnance value lower the overal system noise.
- However, G,z tannot be increzsed without ims since 1, in

“*"parallel with the integrating capacitor forms an R-C tme
constamt that determines the sps=¢ of recovery from cver-

. sjoads and _more important the eror thz! exsis 2t the end of

___‘a_-._ auto-zero cycle. For 408 6mV _ful! sczle where noise is

~very imporiantand the integrating resistor, s

8 »alue ol
Caz twice Cyny is o0timurm, Simiiady for 4022V 1l sc
where recovery is more-important than noise, e value 01
C;\z eq.:aHohade,m is 1ecommended - oo

~For o;:‘ur';a re-e*ﬁan of st:ay p-"k..,., ‘the outer toil of Cuz
sho.-':"be co-ne te< 10 the R-C summing juncion anc the
inne: foil 10 pin 31."Simiarty the outer toil of Cy;7 shouic be
connecied to pin 32 and the inner foil to the R-C summing
junction. Tefion® , o equivalent, capactors are recommend-
ed above B5°C for their bow leakzge charactenstics. ™
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feterence Capacitor——--—— — —-— ——— —— —— — - Note that+f pins 23 and 35 are ved togsther and pins 38

A 1uF capacttor grves good results in mest apphicatons. - and 40 ecogentally shorted (e.g., dunng testing), the refer-
however, where a large reference common mode voltage ence supply will sink enough current to destroy the device.
ewsts (i.e. the reference low is not at anaiog common) and _ Thus can be avoided by placing a 1k resistor in:series with
2 409.67V scale is used, a larger vaiue is requiredo'pre- . - PIN39.° .
ver! roli-over emor. Ganerally 10xF will hoid the roll-over- - — -

eror to 0.5 count m this instance. Again, Tefion®, or equiva-- DE lA'LED DESCRIPTION

lent casasitors should be usad for temperatures anove 85°C _ Digital Section
dor their low lsakage characteristcs. The digital section includes the clock osciliator and scal-
Reference Voltage CT T T T ing circuit, & 22-bit binary counter with output latches and

JTL-compatibie thres-state output drivers, polarnty, over-

The anaiog input requires to ganerate a full.scaie ompm =
range anc contol logic, and UART handshake logic, as

of 4096 counts is Vyy =2VRes. Thus for a normaized scale,

2 reference of 2.048V shouid be used for ‘2 4.095V ful ~  ~shown in Figure 5. .
scale, and 204.8mV shouid be used for a 0.4095V tull scale. _ .hroughou! this descripton, logic leve!s will be referred to
However, in na'xy appiications where the A/D is seusng_._—- as “low” or "high". Ths actual logic levels are defined in the
ine outout of a tansducer, there will exist a scale™factor ~~ — Ejectrizal Characteristics Table. For minimum power con-

other than unity betwesn the absolute output voltags gg_be____ sumpton, -all .inputs” shouid swing from GND (low) to V+
measured anc & Oessired digna! outputl For instance, in a_ (high). inputs driven-from TTL gates should have 3-5k

we13hing system, the cesigner might like tc have a fuli scale = - *  puilup resistors added for maximum neise immunity. .
reading wnan the vonage frem the tansducer is 0.682V.° Y-

Insiead of dviding the input down to 408.6mV, the mput ~ MODE input

volizge shouid be mezsured airectly and a reference volt- The MODE input is usec 1o contro! the output mode of the
age of C.341V shouid be used. Surtadie values for mtegrat- -- converter. When the MODE pin is low or left open (this input
ing resistor and capacitor are 33k and 0.15pF. This avoids 1s provided with a pulidown resistor 10 ensure a low level

when the pin is left open), the converter is in its “Direct™
output mode, where the output data is directly accessible
Tempsarature ancd weight measuremants with an offset or _ under the control of the chip and byte enzble inputs. When
tare are examples. The offset may be introduced by con- the MODE input is pulsed high, the converier enters the
2¢ ouput o‘ the "a’-sdud' be'wenn com- UART handshake mode and outputs the datz in two byles,
the ms 10 “direct” mode. When the MODE input is ieft
hig converter wili output data in the handshake moae

a divider on the input Anotner advantage of this system
& zero reading is desired for non-zero input *

AnA

necling the vo!

mon and ar A;lob Aav« o:xs=".nn—- po ar.!:es C¢.=.uu .

e, in processor-pased systerrs using the ICLT108, it may . - " al end of every conversion cycle. (Sc-e ssCuon entitied
ve more efiicient to parform this type of scaing or lare sud- —, r{ ncshake Mode" 1or fun wher. ceails). < G
trachon digiizlly using schware. LT T T ’

— - QTATUS Out ut by
9°ference__Sources__-<-_- Sy S Sy i = ——p———-—— e e B
Burng a Z conversion '-ycyz. the STATUS output goes high

P -t _—
ence voltage is 2 maior 200 in 2t the beginning of Siana! Integrate (Phase Ifj, and goes iow

; e Sy of the conventer. The resci- — —_ one naif ciocipenos afternew oatzfrom the conversion
ton. of_tne_ICL7108 at 12 bits is one_part in 4035, oc “has bean'stored in"the output latchies. See Figure 4 for de-

2¢4ppm. Thus it the reference has a temperature coefficient t2iis of this timing. This signal may be used as a."'data valid"}

of 80ppm/*C (onboard reference) a temperature difference flag {data never.changes while STATUS is low) to drive in-
+ ’)l rgpanes* 7] -

of 2°C will inzoduce 3 one-bit absolute eror. ““terTupts, or'for monitoring the status of the converter. 771
“Forthis rezson-t s Tecommendecthatarex _"_‘_"—“'_‘“—T."_‘

qu -refsre be used where the ambient temperature is RUN/HOLD input, el s B AT GG

not controlied or where. hghaccuraq absolute measure- - :When 'the RUN/FDLD Dan.n is high,‘or le.‘: cpe'x the cir-

msms are baing made. - R 5L Shilh i cuit will continuously perform conversion cyciss, 'updating

the output latches atter zero crossing during the Deinte-
graie (Phase lll) portion of the conversion cycle (See Figure
4). In this mode of operation, the conversion cycle will bs

The ICL7108 provides a REFerence” OJ'p.n (pm 29)
which may be used with a resistive arvider 10 generate a
Sie reference voltage. This outout will sink Up 1o about

<
20mA without significant variztion in output voliage, and is periommed in 192 clock penods regardiess of the resulting
= » & pullup Sias device which sources zbout value, ™ SRR ST O 70 5T T
1 1t voltage is nominally 2.8V below V*, and 1 RU 5 c:)es low at a-vy time during Dewiegrcte
b e coetficient of =8Zppm/*C H7p. \‘.hnn us- (Phase lli) after the zero crossing has occurred, the circuit

ing the o ¢ reference, REF OUT (Pin 23) should be w'- immedia tely terminate Deintegrate and jump .to Auto-
— (pin 33), anc REF <+ should be con- €r0. This feature can be used to eliminzte the time spent in
n the wiper of 2 precision potentometer between "-;r.:e;'a:e after the zero-crossing. If RUN/HOLD stays or
REF OUT ang V- . The arrcuit for a 204.8mV reference is goes Isw, the converter will ensure minimum Auto-Zero
shown in the test circuit For a 2.04EmV reference, the fixed tme, a2nd then wait in"Auto-Zero untl! the RUN/HOLD input
resistor shouic be removed, anc & 25k precision potent- goes high. The converter wil! bagin the integrate (Phase 1)
ometer between REF CUT and V* shouic be ;. -sed' b potion of the next conversion (and the STATUS output will
’ : g2 hizh) saven ciock periods after the high level is detecte

- 21 RUN/HOLD. See Figure 6 for cetails

conneziec 1o
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I B . T v Teasssy

Using the RUN/HILD input in this manner gllows an
easy “"convert on demzngd” inteface to be used. The con-
vener tidie in euto-zero with RUN/HOLD low.
when RUN/EOLD goes high the conversion is siared, and
ne <T/~‘U: ousyt goes low the new czta & vahd {(or
the UART — see Handshare Moode). RUN/
nO_.; mzy now be tzken low which terminates deintegrate
angd ensures & minimum Auto-Zero tme before the next
conversion. - - B EE

Alternately, RUN/FDLD can bs Lsed tc minimze conver-
sion-tme by gnsunng that it goss low during Demntegrate,

zfter zewo c"*s ng, eng goes high-after the holg -pointis
reached. The reguired ectivity on the RUN/HDLD input can
be grovided by connecinz it to me Butiered Osciliator Out-
pel 10 tnie made the conversion tme 12 cependant on the
input velue measured. Alsc refer to Hamis Appiiczuon Eulie-
tin AC3Z for & giscussion of the efiects this will have on
Austo-Zerc peformance. - : |

MITL AL DA veuws et e Sz TR DO 4T Nl lested

If the RUN/ROLD -input goes low anc stays low dunng
Auto-Zero (Phase 1), the converter will simply stop a2t the
end of Auto-Zero and wait for RUN/HOLD to.go tngh. As
zbove, Integrate (Phase Il) begins seven clock periods after =
the h: hievelis delecled . 3

Direct Mode -~ - = =

When the MODE pm s left at a low level ,the d"’ outpuls
(bs 1 through € low order byte, bits 8 through 12, polarity
and cver-range high order byte) are accessibie under con-
ol of the byte and chip enabie ter min2ls 2s nputs. These
threz inputs are ali active low, and are providad with pullu
resistors to ensure_an inactive high level when Teft open. =
\"wm the chip enable input is low, taking & byle enable

input low wil! allow the putpUts.of that byte 1o bacome active
(three-sizted on). This aliows a van ety of paraliei data ac-
ce:sing techniques 10 be used, as shown in the section enti-
tled “Iterfacing™" The timing requirements for these out-
puts are shown in Figure 7 and Table 2.




iICL7109

Tt.- ——7Table2— Direct Mode .T,mmg -- - — - — ICLZ308 provices all the conto! and fiag wonals pecessary
' Requxrements to sequentally nqu two bytes of data mnto the UART and
. L ntate therr tansmission n senal form. This greatly eases
’I (See Note 4 of Electrical Characteristics) the task and reduses the cost of dasigning remote data ac-
i - " 1 qussition statons using senal data tansmussion

SYMBOL | DESCRIFTION | HINJ TYP | MAX | URIT | Entry into_the handshake mode.is controlled by me
l t5z4 | Bvie Enabls Wieth 1-350 | 220 | “ns — MODE-pin: Whan-the MODE—erminal is held high, the
= ICL7102 wili enter the handshake mods aiternew data has

(i s | Data Ascess Time [— — 210 350 [The | T~ be=nstorscin the outout latches at the end of a conversion

G ' from Syte Enable : (See Figures & and"8)” The”MODE terminal may also bs

| Data Hoid Ti A P s usad o tigger enty inte the handshake mode on demand.

o owg .| ool lime A T 1551300, |2as o] T At any.time_durhg the Conversion-Cydie, the low to high

| fom ByteEnadle _ _tansiton of a short puise-at the MODE input will cause

i = - - - immediate | into the handshake mode. i this pulss oc-

IceA ! rEra W@ L M | | _crs whie QZ?da:a is being stored, the entry into hand-

DatzAccessTime |~ | shaks mode is delayed until the data s stable. While the

DAC | 4 om Chip Enabte - j—3| 250 | 40 |. ns * converter-is-in the handshake-mods, the MODE input s

~—- ignored, and afthough conversions will stili be performed,

(— ] Cata Hoid Time e 500 | ns cata upgating will be mhibitad {Ses Figure 10) urtil the con-

PH9C | trom Chip Enable = - -2 | "~ verter completes the ou‘.pu\_cyue and cisars the handshake
= ~ ~ = nod., e e U S = e

. . . When the conventar enters the handshake mode, or w‘hen
) T e | ! ths MODE input is high, the chip and byte enable terminals
become TTL-compatible outputs which provida the control
signais for the output cycle (See Figures €, 8, and 10).

In handshake mode, the SEND input is used by the con-
vene: as an indicaton cf the abiiity of the raceving device
(such.as a UART) to acceptgata. - ———~ .
————Figue-8 shows the saquence of-the-outut-cycie -with

-SEND-heid high. The handshake mode-{irtema!-MODE
high) isentered a“ler the datz latch pulse, and since MODE
remaing high the-CE/LOAD, LEEN and HBEN terminals are
active as—ootputs._The high levaj-ai the SEND input is
sensed onr the same hign to low intemal clock #dge that

- xa'mmates tha data latzh pulse. On the next low to high
-~ intemal clock ed32 the CE/LOAD ana'me HSEN-outputs

2ssume a low lavel, and the high-order byte Toits @ mrough

- =—1327POCand OR) outputs ats enabied. The CE/LOAD out:
put remains low for ong full intemal clock-panod only, thq
"__dat oufputs remain active for 1-1/; intemal clock penods,

Figure 7: Direct Mode OUtSTL TRIAG .. . | -2né the high byts enabie rem

is remains low fortwo.clock penods,

— T Trnesithe CE/LOAD output low level or-low 1o high edge
1 it should be natad that these =se contol inputs inputs are ?.svncnro-- ~x Mmaybsusedesa mcnronzngs gnal to ensure valid data;
nous with respact to the convener clock — thedalamaybe ~ *° .andithe byte enabis as an.output smay be used 2s abyte
accessed at any tme~-Thus-it i$-possible to access the— — “identfzation flag. With SEND remaining hich the converter

lziches whiie they are being-updated-which couid jead 10~ —~—complstes—the ‘output cycle using:Ce/LOAD and+ <[BEN .
eToneous cata Synchr on.._,ng the access~oithe lalches while thé low order byte outputs (bits 1 throogh 8) 2re acti-

with the conversion cycie by’ monitoringthe”STATUS output vated. TthcsHake madeds 1en-nrated ‘when beth bﬂes :
! prevent thus. Dztz is never upcated whie STATUS is . __aresent . Lo el :
"’w T T T TTTIITTT T e e LFigure 9 “ﬁaws an oulput 'seq.)e":e where te SL'I\D in
Handshcke Mode a — -= - --putis used todziay portions of the seguence, & handshake
I ‘The handshake output mjj;;?a‘@z;na—qe‘mwB to ensure correct czata transfer. T_hxs*urnm;.: ciagram.shows

‘means of interizcing Lh: 1CL716: to digital systems, where - I8 selationsiiips Tt pceer wising An Incisaystanca -
; : A/D conven ; beca--aos a"-';e in conzoliing the tiow of _ iSRS CMOS UATL thRierdene tn ardl i channels.
e EeeeE ey il -.  In this interface, the SEND input to the ICL71495 is driven by

.f,‘a f'\sfaad_o! passivelyirespondingio g landc byl en- the T3RE (Transmitter Eutfer Register Empty) output of the

zble inputs. This mode is specifically-designed 1o aliow a, | ~UART.and the: CE/LCAD terminal of the ICL7109 drives

-amt ce b n the ICL ¢ and industry-st SN

. ~:;ﬁ'??(!:d,a..va:i:??j.;h?,1.24%;93_“3.3'2: S:L::,“&Z?— the-TSARL- (Transmter Bufier-Register—oad)-input-to-the

e CHLES LIS BITS Hes f3) Wit no'e = UART. The catz outputs are paralieled into the eight Trans-

required. When tnggered ints the handshahe mode, the e EMer Register inmts R ) v % -
mater EUl gister inputs.
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- Assuming the UART Transmer SButfer Register is empty,
:n- SEND input will b€ high when the handshake mode is
entereg afier new data is stored. The CrJL.z AD and HS5EN

-teinals will Qo low “afier, SEND is sensed,.and. the high
order byle outouls become -actve. -When ‘CEJLOAD goes
high. 2! the end of cne clock penoag, the h;gh order byle data
is clocked into the UART Transmitter Butfer Register. The

UART TSRE output will now go low, which ha'ts the output *
cycie with the HoeN output low, and the high order byte

With_the MODE input remaining high as in these exam-
“ples; the converter wilk output the results of every conver-
sion excepl those compieted dunog a handshake operation.
8y tricgermg the conventer into ha'\dshabe mode with a low

. .to.high_edgs on the MODE. input, handshake octput se-
_. " 'quences may be performed on demand. Figure 10 shows a
s Z-hangshake output sequence tnggered.by.such an edge. In

asdition, the SEND input is shown es being low when the

" “converter enters handshake mode. In'this case, the whole

outputs actve. When the UART has transterred the.data to - —— output segquence is controliec by the SEND input, and the

the Transmitter Register and clezred the Transmitter Butter

Regrster, the TBRE retumns high. On the next ICL710S inter-

nai clock high to low edge, the high order byte.oubuts are
disabled, and one-hz!f internal ciock later, the HSEN output
retums hizh. At the same time, the CE/LOAD and LEEN
outputs g¢ fow, and the low order byte outputs become ac-
tive. Simiizy. when the CE/LOAD returns high at the end of
one clock penod, the low order data is ciocked into the
UART Transmitier Bu'fer Register, and TERE again goes
low. Wher. TERE retums 1o a-.h:gh it will be sensed on the
next ICL7103 miernal clock high to jow.edg2, disabiing the
ata outouts. One-half internal clock: later, the handshake
mode will be cieared, and the CE/LOAD, HSEN, and L5EN

terminals retumn high and stzy actve (as long as MODE

stzys high).

NCTE R o vaiws Parve bwer Chmrpcior=wd D &y ro imswmd

sequence for the first (hngh O'der) byte is similar to the se-
- guence for the second byte.-This -diagram-also shows the
‘output ‘sequence taking longer:than a comversion cycle.
-Note that the converter stll mzkes conversions, with the

STATUS output and RUN/HOLD input functoning normally.

The only driiference is_tha! new data ‘wiil not be iztched

“when in handshake mode, and is s therefore lost

. A<
Oscillator _ SN ST I
': The ICL7109 is provnded with a ve'sa‘.ue ‘three terminal
sciliator to generate the intemal clock_The oscillator may

be ovefd'rven or may be cperated with an RC network or

z:fystal The OSCILLATOR SELECT input changes the inter-,
Tal configuration of the osciiiator 1o optm it for RC or
trystal operation; ==~ re besx i =8 Siee.
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"-When‘tne‘-DSC!L’SITO—FS'—".EC“ﬂnpw s‘h:m Tt FTENY mmonsvwvvw:‘ma “Taover
open (the input 1s providad with & pullup res:stor). the oscii-
1ator s conhgured for RC OpezLon; &n¢ the mtemal clock
wil' be of the same frequency anop'\asea.smesmna!alme
BUFFERED OSCILIATGROTITPUT. Tne resistor and ca-

pacnor should be connected &s in rigure 11.The crouit will

osciliate at a frequercy grvan by 1=0

45/RC. AJ00KN re- - . —

s:stor rs recommengac~{or us:fun-ranaas of freguancy. ror‘v—ﬁ

ootimum $0Hz tine cejection. the capacitor vaiue shouidbe-'~ - Laghie to-wse ‘one 3. 58MHysta! for both de

Thosen such that 2048 clock peniods is close 1o an integral -

multiple of the BOHz. pencd (oul.should not be lesshan "= Jised to drive the OSCILLATORINPU oI the Us AT,
e et -__.:.‘-\::_',.f:!heneedlo. asa::)n.n'ys‘.a_,-Howeve' the ' JFFERED
X T SOSCILLATOR OUTPUTHoes not have 2g-ea! a=3 of drive

S0pF). -

Py ‘ _’xg.l.‘.’RC

- ergzeww ot

———— e —

___-Fgur&‘l:l RC.Oscilt ator___-‘___ oy

# b =ex‘le'r.a) butteang should bs used" 5

-
"
0
o
il
“ ¥

- =onving signal snouid be appiad at the OSTLI ATDR IN-
- PUT, and the CSCILLATOR OUTPUT S$houll Le it open:

i

* The rmemal ciock will be of the same T8qu2nCy bty cycie:

s-8nd phase as the nput signa! when CSTiLLAT(x» SELECT

—1s tett open. When OSCILLATOR SELECT & &' gND, the

ciock mill be a2 faztor 0! 58 baiow the input freuancgy,

wWhen usm’l&.?ﬂ)c With RETMBL03 UAIT- i e pos-

ces. The

_BUFFERED OSCILLATOR OUTPUT of the ICL7:0% may be

_capability, and when Xdrivific mote tha” i

Tlowing the countercontents 43¢ Bxamined &nme.

saving

ne slzse device,

‘When the TEST: r:ﬁuhs tekertoateve! ha'i-«:, berween

s -
s et s MW
5 BUFFERED /,_—-V~¢'\0«GND e coumier DUDULAEISNSS awe snabled, ak
! =

4

VWhenthe JEST- vv\nssmnnacted_‘to GNOU, e mta‘

T y——

~—outputs are sl forced into ths high Staie, anc s internal

Tiock ts, gisablad_Whern ths Jnput retums 14 tre A (V+
—GND)-voltage (or4o V*) en:! oneTIoUris npm:.g ali the'

__counier outputs will be tlocked 1o the low <t

a- .u-....-_-easy les.ng ol we-countan-and Jis-outputs.

ate Trus aJIows

nthe OSCILLATOR SELECT input

is low -e-fee‘:z:v——{NTERFAClNG—\:__;__L_ =

tnet

st jfee
%

dﬁv ce a"oa outpuUTRNg TRitcapaciors &re added 4o the”

osciliator. In this configuration.-as-shown-in-Figure 127thé”
0sziilz1o will Dperafe wrih mos: crystals in the 115 SMHE — — —~ Figure T 3 'shows SIme 6! the Tombi ntions ¢! hip enable

and tyte enadlz controf signals which may Le ysed when

tange with no external components. T
TOR SELECT input low o.!so inserts & fixed =258 dnnderr=<ermintariacang the iCLT 103 to paraliel datzfines. 1o CE/LOAD, -

ED CSCILLATOR OUTPUT

ar-.:: the intema! clock. Usmg an inexpensive 3.58MHz TV _
stal, this division ~250 provides an integraton tme given

crrzun batween the BUFFE

")

Tawing the QSCILLA-

TinT = (2046 cloch periods) X (Toock). = 33168 e -

Pl B BB
where Toiook = 355 MHz -

This Uime is very ciose to two 60Hz periods o 32.33ms. The
eror is less than one percant, which will give better than

2233 B2Hz rejection. The converier will operate relisbly 2l -~
conversior rates of up to 30 per second, which wnesponds

1o & clock frequency of 245 BhHNz.
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-_-Dlrect Mode —— ———— —_ _

input may be bel low, ailowing sither by1= 1 Le controlied
by 1ts own enabie es in Figure 13A. Figure 113 shows a

Texsg configuration where the fwo byte enabies ere connected

Tlogather. 1n s ‘configuratidi, the TE/LOAD sswesas a
chip enable, and the RSEN and TBEN _May be ¢ ynected to
GND or serve 2s a secong chip enable. The 14 gata outputs
wil: gli be -enabiec smultaneously. Figure 147. shows the
HBEN end [5EN as flag inputs, and CE/LCLY, as a master

-most TRICTOPrOCesSors. - - e S 1
Figure 14 shows an approach' to intert--

ICL710%s to a bus, gangingthe HSEN and [

- -enzable, which could be the HEAD suobe &/3iiable from

g several
7 signals to
.. several converters togethe:, and using the CL/THAD inputs

(perhaps decoded f-o T an address) 10 sele-t the gesired

converter.
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Figure 12: Direct Mode Chip and Byte Enable Combinations
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RUN =D D}
HEEN LBEN -
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Figure 14: Tri-stating Several 7109's to a Small Bus

C5-17

Some pra:ncai circuits uulzing the parallel three-state
output cap ies of the ICL7109 are shown in Figures 15
through 20 F._._re 15 shows a straightiorward applicationto £57::

conventer clock penoa. if STATUS vs now low the sec'md
reading is correct, and i it is sill high, the first reading 1s
comect.. Allernatively, this uming -problem is compietely

the Intel 8048/80/85. miczoprocessors.via an- E.ZSSPPJ,.__._.__avou.,edby using & read-after-upcate sequence, 2s shown

where the ICL7108 Cata outhuts are active 2t ali tmes. The
i/0 ports of an 8155 may be.used in the.sams-way.-This
interiace can be used in a read-anylms mode, although.a
read periormed whils the gzla latches are -being upcated
wiii leag te scrambled ca.aJ’r‘ s will occur very rarely, in the
propcruon o!sety}skew times4o conversion time. One,way
1o overcome this 1s to reac the STATUS output as well, and
it it is high, read the data again z'ter & delay of more than iz

NOTIZ A fyzaca vaim Nve Dee’) Sruw=sercwc 27 a9 ot msiec.

.in Figure 16. Here the high 10 low transition of the STATUS
output cnves an interrupt 1o the TICTOProcessor tausing it
to access the data latches. This application also shows the
RUN/HOLD input being used to initiate conversions under
sa“nare conuol il 2 s " e

~A smx.ar m.eﬁace to Motovo.a MVGSOO o Eockwe.i
Res OX systems is shown in Figure 17. The igh 1o fow tran-
s Jonol the STATLUS output ganerales an intemupt via the
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*Figure 15: Full-time Parallel Interface to 8048/80/85 Microprocessors «+==- -
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Figure™16: Fuli-time Parallel Interface to 8046/80/85 Microprocessors With Interrupt r'_ E

Contro! Reaister B C81-Ine. Note that C32 controls the
RUN/HDLE pin through Contro! Register B, aliowing-soft-
ware-convolied inniztion ‘of ‘conversions in this ‘system as
well. Sabe s Tpel PSR 23T - 8
The three-siate output capabiity of the ICL7109 allows
direct interfzzing to mestImeroprocessor busses: Examples
of this are shown in Figures 1€ and 18. It is necessary 10
cerefully consider the system tming in this type of interface,

NOTE A nocs vasses hews Leer, Camssersec DU are 1o lested

to be sure that requirements for setup and hoid times, and
minimum-puise -widths are meL Note Blso the drive limita-
tions -onlong buses. Generally this type of interfzce 1s only
favored i .the memory peripherz! a3dress density-1sfow so
tha! simple address decoding can be-wsed. intemupt han-
diing tan ealsc require many additional components, and us-
ing an interface device wil’ usually simpiify the systemin this
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Figure 17: Full-tim
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4CL7109

A~ L~
ADORESS DATA

‘ ey ioae O sus sus
SSZESDrgTINGD VR ILLR S Al SUERESS L : . -

——— — e S

""" r—ngure“!B“D:rechLTlUG‘ —MCB80X Bus interface =

o T lndersoftware control_Noie thzt one port of the £255 is not

Handshake Mode—

; The handshake mode aliows ready nter‘a.e with a wide
ranety of extemal devices._For_instance, extena! latches _____
nay be clockec by the nising edge of C

byte enables may be used as byte identfication flagsoras

I>adenables.- - ——— —=7— """

Figure 20 shows a handshake interiace to tntei"micro-"

'p'ocesso't ag2'n using an B255PFI. Thehanashake opera-

tion with the 8255 ts convoiied by inverting its Input Suffer_ .

Fuli (ISF) flag to drive the SEND input tc the ICL7109, and

using the CE/LOAD to drive the 8255 strobe. The intemal -

contro! register of the PPl should be sét i~ MODE 1 for the 1

port used. If the 7109 is m handshake mode and the 8255

I3F fiag is low, the next word will be strobed into the port

The strobe will cause IBF .to go high (SEND goes low),

which will keep the enabied byte outouts active. The PPl wili

generzte an intermupt which when executed wii result in the

data being read. When the byle is read, the ISF will be reset i

fow, which causes the ICL710¢ to sequence into the next

byte. This figure shows the MODE input to the ICL7108 con-
nected 1o & contro! line on the PPL If this outout is left hugh,
or tied high separately, the data from every conversion (pro-
vided the catz access.iakes less timie than a conversion) =73
will be sequenced in twobytes into the system.

If this output is made to go from low to high, the output
sequence can be obtzined on demand, end the inteupt
mazy be used 10 reset the MODE bit. Note that the RUN/

HOLD input 10 the ICL7102 may alsc be Tiven by & bitof
the €255 so that conve'sn’rsma) beob‘.a-'vedon command—

B

e et

NITT Al 1rza’ vanses Newe Lo wrssiersed DU ae not lesied

s e
AL snd ”'e“'——mvsa:w

&L

._RJX\, HOLD-are tied high-10 save port-outputs.

T—ure 2A. In this circuit, any word reds

— —-- -= evarsez, ANd can service another penpherai device. The same

arrangement can also be used with the E155.

- Figuré 21 shows & similar arangr— ant with the Mvs:m
microprocessors, except that both MODE end

Tl The handshake mode is partcuiarly convenient for dwect-’
lydnterfacing to industry standard UARTs«(such as the Har-
“Pris TIMS402/6403 or Western Digitai TR1602) providing &
““minimum component count means of senaliy fansmtung
converted date. A typica! UART canned-on 1s shown m Fig-
eived by the UART caus-
~es the UART DR (Data Ready) output to go high. This drves’
the MODE input to the ICL7108 high, triggenng the iCL7102
inlo handshake mode. The high order byte is output ic the
UART first, and when the UART has transferrec the datz 10
the Transmitier Register, TBRE {SEND) goes hich ana the
second_byte is outpul. When TERE (SEND; goes high
again, LBEN will go high, dmving the UART DARR (Datz
Ready Reset) which will signal the end of the tansfer ot
data from the ICL7102 to the UART,

Figure 22 shows an extension of the one converier —
-one UART scheme 10 severa! ICL7 1025 with one UART. in
this circuit, the word received by the'UART (available gt the
R33 outputs when DR is high) is used to select which con-
verier will handshake with the UART. With no extemal com-
ponents, this scheme wili zliow up to eight ICL710%s o in-
(e tace with.one UART. Usinz & few more components to

e:ode the received word il aliow_up 10 256 convenas io
b» accessed on one senia! line.
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F‘rgﬁn 20- Handshake Interface — lCL?‘{OQ to 804g, 80/85
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Figure 21: Handshake Interface — ICL7109 to MC6800, MCSE50X .= - - 7 . "ulsf
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The appiications of ths ICL7109 sre not imitad to those
shown here. The purpose of these examples is to provide a
st2-ung point for usars do develop -useful systems. and to
show some of the vanety of mterfaces and uses of the
ICL7102. Mzany of the idwas sugaested here may be used in

ombination, in paticuiar the uses of the STATUS, RUN/
HOLD, anc MODE signals may be mixed.~

APPLICATIGN NOTES

AO16
AC17
A018
AG30 -

AQ32
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NITE A2 tyoece vaase hare beer Crarscesrowc D are no* tesTec

“*Selecting'A/D Converters,” by David Fullagar
“The Intsgrating A/D Converters,” by Lee Evans
“Do's and Don'ts of Anplying A/D Converters,” by
Peter Sradshaw and Skp Osgood 5

*“The ICL7104 —ABinary Output A/D Converter for
Microprocessors,” by Peter Bradshaw
“Understanding the Auto-Zero anc Common Mode
Performance of “the ICL7105 Family,” by Peter
Bradshaw o -
“Inietacing Datz Converters & Micoprocessors,”
by Peter Bradshaw et al, Electronics, Dec. 8, 1976.
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: - JCL7 108
INTEGRATING A/D CONVERTER
.. --EQUATIONS M358 swi. g

- D'.splayCounl s 8 Mog syt B e

Osc3intor Frequency Y
'igsV‘C.Lb/RC g% owe @

Cos~>5°P' Rosc >.50 ki fe. T s-ts Vaer
Mo typ. = 6CKH: s Fhe s 2

’ or e P G R o B 'Cc'rve'u:m Q-ie s

2 fpenm & . ET.n e tove = toiocy X B8 _
fosz = 358 MRz Crystal ST * (In Free-Run Moge, Ren/HOD =.1) -

-Osclliator Pefiod »*" %0 “illLvooee “when iz ook = 80 K toye =T 133 ms”

- W C/ .
_1osz = RC/045 Common Mode tnput Voltage .. _,

~ =_94/35¢ > (D +al) = e . s
—toge =-1/358 MHx (Crystal). . _ .. (V .‘ 1.0V) < Vpx < (V" —GSV‘

== tmegration Clozk-Fregquency rm — o —— = —_ == WS Fo tanitor 17t L b B

ifciock = fosc (RCMode) . --. > o
I feioox = 1psc/58 (Crystal). . . .~ . .. 001 pF.<Lpz < 1.0pF.
' o e : Re‘erence Capacitor

: teroek = Viciock -
Integrabon Penod i SRramE T 0.1 F <'CREF <o PF = -
St = 2028 > Lo ook ) ) VREpSiF = te e - -
60/52 riz Rejaction Criterian . .',.'__‘ o ' ? rases b:,’w"“;é:, ",d \a )
o . - . ~VREF = - $ o e
LKT/Leg bz ©F UinT/tso e = Integer o Regulstor lostwhen V™ toV™ < 64V

CEs B 1 ¥zzr is not used fisat ou':;:m pin. -

Optimum integraton Current = . - ~. - __ . .
- Nt = 20.0 pA cwer Supply: Dual =80V .: . ... sy ccemis,

Full Szale Analsg Inplt Voliage. | vV = =50toGND
- Vin=s Typisslly = 200 mV or 20V "\ ==5T15GND s Lo =aes
integ-zte Resistor Output- Type— o L.

Ry = Vinrs Enar, Amip "..JOE with roia'l’y ang. Ovrrz'me Bhe
: bt Tips: A'v-;)‘s e TEST pin HICH.

tegraie ..z,a* ‘ter Deon't dezve-eny np.n.s ‘ho;unc —
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