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MULTICHANNEL DATA LOGGER SYSTEM

Mr.Khamphong KHONGSOMBOUN

Ms.Latsamy SAYSOURINHONG
Dr.Kitiphol CHITSAKUL (Advisor)
Academic year 2001

Abstract

This thesis presents a design of Multi-Channel Data Logger System. This system is designed to
acquire and digitally record any analogue signals. A Micro-controller family MCS-51 plays the grand
role in controlling the whole system. Analogue signal, amplitude up to 5 volts, can be as channel input
up to 4 channels. Depend on the channel sampling rate defined by user, frequency of a signal input
could be 0 to xx cycle per second. The converted 8 bits digital data are stored in RAM of 32 KBytes
before being sent to a microcomputer via a serial port at board rate 9600 bps. The record data could be
displayed on monitor in graphic and text mode. As an example, a temperature scnsing board,

employing a LM335 as the sensor, has been implemented to serve as input of the system.
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2.2.2 MIIATLAVAYYI (Quantizing)
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2.2.3 M3 (Coding)
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finciude <graphics.h>
finciude <stdio.h>
finciude <conio.h>
fiinciude <dos.h>

f <stdlib.h>
<iga >
<math.h>
<pios.h>
<dir.h>

<ct pe.h>

fidefi !
fidefins= SETTINGS ( OxEL | Ox23 | Ox07 | 2x020 )

d w1ndow _channel (veid);
d plot_ALhannel(vc;d)
void window temp channel (void);
id window_a channel (void);
id plot_a_channel (void);
nsignad new file(void);
ung+gnod open_flle(void);

FILE *buffer;

char file name[:3];

int qgdriver=DETECT,gmode=VGAHI;

int datal,drive=3,mode=i,x,y,1,j,k,1,input=%
unsigned char data2,data3(T];

int datad=370,channel,start=%,finish=%,t=",first data=:%;

i, count=";

S Resd seciael oort
char readcom(vo¢d)
{

int datal;

unrsicnred c¢har data2;

datal={;

whiile((datal&luz0l10l)==0)
{
if (kbhit () !=0)
return(=3);
datal=bioscom(Z,, ) ;
}
data2=bioscom(Z,i,T);
return(data2);
}

void main()

{
int temp,templ,temp2,back,x4=57{,x8="0,x9,yl1=355;
char se_menu[Z},condition;

win: initgraph(&gdriver, égmode, ¥ N vie ™) ;

setcolor(i3);
settextstyle(BOLD FONT, HORIZ DIR,* ;

outtextxy
setcolor(iZ);
settextstyle(DEEAULT FONT, HORTZ _DIR,%);

QUL LeXTRV IO, 375" #rass S TR IR SRS
getch();

closegraph();

choises initgraph(&gdriver,&gmode, . vLo ")
setcolor(il);
settextstyle(BOLD FONT, HORI7 DIR#2):
outtextxy (240,106, % 4
gotoxy (24 ,3i2);
printf (" ;

qets(se _menu);
if(se menu[ 2] =

i

new_file();
}
els2 if(se_menu[v]=="1")
{

open_file();



}
else
{

W
’

printf{* sw Bivew . pieee
delay(1 4
delay(1Ct
delay(12CD);
elrser( )i

gote choise;

}

cha_nel: initgraph(&gdriver,&gmede, vt o)

window channel();
plot_ 4channel ()

setcolo
printf (- g
scanf (“% i",&channel);

4y ;

£ (channel>d&&channel<?)

if (channel==1)
{
closegraph();
Joto temp_graph;

closegraph():
goto cha_nel;
}

temp_graph: initgraph(&gdriver, &gmode, . :\vuax™);

window temp_channel();
plot_a Phannel(),

gotoxy (3,2
printf (° f Bk
scanf (“%+",&condition);
if{condition=="Y"'||condition=="vy")

{

printf (¥ ® O RERen At pastas 2 Ty
scanf (1", &start);

printf(* ¥ Eimiah
scanf (*+3",&finish);
if(start<=2| | finish>2%"

{

&6] |start>finish|| (finish-start)

closegraph();
gote temp _graph;

lze

—

graph{);

close
Joto temp_graph_ 1;

(Jw—d

2ilse if{condition=='M"']||condition=="u")

printf ("

prlntf(' n
scanf (*#:E7, &back);
if (back==1)

{

closegraph();
gote cha_nel;

eclze if(back==l)

leﬁtf( B
printf (¥ #

SEG)




scanf(
printf(
scanf (73

{
closegraph()

i, &templ) ;

,&temp?2);
if(templ<=7| |temp2>=

’

goto temp _graph:;

ise

— 0
4

closegraph()
gotc graph_2
}

lse if(back==xX)

closegraph();
coto graph_3;

closegraph();
goto temp_graph;

}
e
{
}
2ise
{
}
graph:

’

.

initgraph(&gdriver, &gmode,#.z:\vuc ™) ;

window_a_ channel();
plot_a channel();

gotexy{s, i
printf (¥
scanf (¥

', &condition);

if(condition=="%"||condition=="y")

{

printE (" PR
scanf ("%
printf{"
scanf ("%

{

o -

}
else
{

pELREE (™

printf ("
scanf ("

closegraph();
goto araph,

z1se

closegraph():
gotc graph_1;

if({condition=="7

, &back);

if (back==1)

{

}

closegraph();
goto cha_nel;

else if(back==2)

{

printf (¥

printf (“\:

S

printfi{"

canf ("%

@, &finish);
if(start<=C||finish>Z2"

,&templ);

ity I

&3] | start>finish| | (finish-start)>52C¢)

H*||condition=="n")

S, il & )

scanf (%7, &temp2);

if(templ<=3J| | temp2>=3:

{

_~—

}

closegraph();
gota graph;

ise

closegraph();
goto graph_ 2;

Ol (temp2-templ)>i0] | templ>temp2)




}
else if(back==3%)
{
closegraph();
gctc graph_3;

1
|

}
mlise
{

closegraph():
Joto graph;

}

temp_graph_ 1: initgraph(&gdriver, &gmode, “.x:\\uc");
t=%;

check_code 2: if(data3[t]=

data3([t]= : | ldata3 [t
data3([t]= CTh) |data3([t]==U: | |ldata3 [t
data3[t] Al ldata3([t]= | |ldata3(t

I |data3(t]= t] |data3 [t

t=t++;
goto check _code 2;

}

ting 2: gotoxy (&3
printf(*
gotoxy (2%
printE(*™ Dok T e el L4 g #

,datal3[t+1],data3([t+?],data3[t+%],data3[t+4]),data3[t+8],datal3[t+5]

,datal3([t+7],data3[t+£] ,data3(t+%],data3[t+13],data3(t+11],data3(c+l]);

gotoxy (2 ¥

primtE (" sacnds )

gotoxy (2%

printf(” ~,data3(t+13],data3(t+i4]

,data3[t+1%],data3[t+1¢],data3[t+17]),data3[t+18]);

window_temp_channel();
)i

,start);
4);

gotoxy(
printf(
gotoxy(
printf (¥ =
gotoxy (3t

printf(*®

setcolor (%);
if(data3[t]==0x21)
{
x9=x8;
moveto(x9,yll-data3[(t+first_data+start)]);
for(j=(t+first datatstart);j<=(t+first_data+finish);j++)
{
1E(x9<=x4)
{
lineto(x9,yll-data3[j]);
X9=x9++;
}
}
}
else if(data3[t]==
{
x9=x8;
moveto(x9,yll-data3[ (t+first data+(Z*start)-2)]):
for(j=(t+first_data+(2*start)—3);j<=(t+first_data+(Z*finish)—2);j++)

{

oh) |data3[t]==0x3E| |[data3[t]==0x09)

if(x9<=x4)

{
lineto(x9,yll-data3(]]):
X9=x9++;

J=d4ig

}



}
else if(data3[t]::ﬂx0?l|data3[t]:=ﬁxﬂhl|data3[t]:=ﬂxﬁﬁ)
{
x9=x8;
moveto(x9,yll—dat33[(t+first_data+(i*start)—3)]);
for(j=(t+first_data+(3*start)—¥);j<:(t+firstAdata+(3*finish)—3);j++)
{ .
15 (x9<=x4)
{
lineto(x9,yll-data3(j]);
X9=x9++;
3=3+1;
}
}
}
else if(data3[t]==%
{
x9=x8;
moveto(x9,yll—data3[(t*first#data+(%*start)-é)]);
for(j=(t+first_data+(é*start)—%);j<=(t+first_data+(é'finish)—ﬁ);j+")
{
1E(x9<=x4)
{
lineto(x9,yll-data3(j]);
X9=x9++;
J=3+3;
}

M —
—
©0
o]

closegraph();
goto temp_graph;

}
elsz if
{

Wy,
’

printf ("
scanf ("%, &temp2);
if(temp1<=0||temp2>=l£?ﬂoll(tempZ-templ)>10|!templ>temp2)
{

closegraph();

goto temp_graph_1;

A

:1se

(!

closegraph();
goto graph_2;

}
else if(back==23)
{

closegraph();
gote graph_3;
}
e2ise
{

closegraph();
goto temp_graph_1;

}

graph_1: initgraph(&gdriver, &gmode, *3:\\EC") g
t=0;

check_code_3: if(data3([t]==

| |data3(t]== |data3([t]==
data3(t] Gi| |data3[t]==Culi| |data3[t]==
data3([t] 7| |data3[t] £l idata3[t]=
data3[t)==0xz{x| |data3(t]= |data3(t]=




data3(t]==0x00] |data3[t]==0x"%] |data3[t]=

ting 3: gotoxy (2=

prinEf (¥ Dat- i 503 fae el e 2 }is

gotoxy(:Z

printf(® F0%¢ 3% L B SRR
t],data3[t+],data3[t+3)]) ,data3[t+
7],data3[t+2),data3[t+%],data3[t+

gotoxy (i

printfi(# 3 & S panely arwiE g

gotoxy(:

printf (¥ Sy ~,data3[t+13],data3[t+i4],data3[t+1i2]

data3[t+id],data3(t+i7],data3[t+18])"/
gotoxy(%,24);

window_a_channel ();

gotoxy(8,24);

printf(” ,start):

gotoxy {7/ 5):

primtf (¥ #, (start+30%) )/ S28vdatad:
gotoxy (3 4);

printf{® %4 ¥, {starth:

if(channel==2)
{
setcolor(1&):
if(data3[t]==0ulZ)
{
X9=x8;

moveto(x9,yll-data3[(t+first~data+start—1)]);
for(j=(t+first_data+start—i);j<=(t+first#data+finish~1);*++)

J

{
1E(x9<=x4)
{
lineto(x9,yll-data3([j]);
X9=x9++;
}

}

}
else if(data3[t]==0xC23)
{

x9=x8;
moveto(x9,yll—data3[(t+first_data+(2*start)—i)]);
for(j=(t+first_data+(i*start)-!);j<=(t+first_data+(2*finish)—i);jw+}
{

if(x9<=x4)

{

lineto(x9,yll-data3([j]);

% 9=x9++;

j=j+i;

}
}

}
else if(data3[t]==C:z{6] |data3[t]==Culs)
{

x9=x8;
moveto(x9,yll—data3[(t+first_data+(2*start)—1)]);
for(j=(t+first data+(I¥*start)-2);j<=(t+first data+(I*finishj-2);3+7)
{
1E(x9<=x4)
{
lineto(x9,yll-data3(j]);
x9=x9++;
j=j+is
}
}
}
else if(data3([t]==Cxz{7]| |data3[t]==0xC8)
{



x?,yll—data3[(t+first_data+(3*start)-$)]);
t+first_data+(?*Start)—Z);j<=(t+first7data+(3*finish)—:);j++)

. i
I« g

0(x9,yll-data3[ (t+first_data+(3*start)-i)1);

(t+first_data+(E*Start)-3);j<=(t+first_data+(?*finish)—?);j++)
iI(x9<=x4)
{
lineto(x9,yll-data3(j]);
X9=x%++;
j=3+2;
}

»x9=x8;
moveto (x9,yll-data3( (t+first_data+(4*start)-3)])7
for(j=(t+first_data+(4*start)—3);j<=(t+first_daca+(G*finish)~¥);j++)
{

1E(x9<=x4)

lineto(x9,yll-data3(j]);
®x9=x9++;
j=3+3;

o

etcolor(l1%);

f (channel==23)

setcolor(l1l):;
if(data3[t]==0xD4)
{
x9=x8;
moveto(x9,yll—data3[(t+first;data+start~i)]);
for(j=(t+first_data+start—l);j<=(t+first_data+finish—i);j++)
{
if(x9<=x4)
{
lineto(x9,yll-data3(jl1):
X9=x9++;
}
}
}
else if(data3[t]==0x00)
{
x9=x8;
moveto(x9,yll—data3[(t+first_data+(:*start)—Z)]);
for(j=(t+first_data+(Z*Start)—ﬂ);j<=(t+first_data+(Z*finish)—Z);j++)
{
1f(x9<=x4)
{
lineto(x9,yll-data3(j1);
X9=x9++;
j=j+i;
}
}
}
else if(data3(t]==
{

2% |data3[t]==0x08)

x9=x8;
moveto(x9,yll—data3[(t+first'data+(L*Start)-i)]);
for(j=(t+first_data+(Z*start)—i);j<=(t+first_data+(2*finish)—2);j++)



{
1f(x9<=x4)

{
lineto(x9,yll-data3[j]):
X9=x9++;
J=j+i;
}
}
}
celse if(data3([t])==0x00] |data3[t]==0x08)
{
®9=x8;

moveto(x9,yll—data3[(t+first_data+(E*start)—2)]);
for(j=(t+first_data+(3*start)—:);j<=(t+first_data+(3*finish)—2);j++)

{
1f(x9<=x4)
{
lineto(x9,yll-data3[j]);
x9=x9++;
j=j+as
}
}
}
else if{data3[t]==0x07
{
x9=x8;

moveto(x9,yll-data3[(t+first_data+(E*Start}—l)]);
for(j=(t+first_data+(3*start)-i);j<=(t+first_data+(3*finish)—1);j++)
{

if(x9<=x4)

{

lineto(x9,yll-data3(j]);

%9=x9++;

)=+

}
}

else if(data3(t]==%
{
x9=x8;
moveto(x9,yll—data3[(t+first_data+(é*start)—Z)]);
for(j=(t+first_data+(4*start)—2);j<=(t+first_data+(4*finish)—2);]++)

{

1f(x9<=x4)

{
lineto(x9,yll-data3(]j]):
x9=x9++;

J=g+3;

etcolor(1%);
1
if (channel==.)
{

setcolor(ll);

if(data3[t]==0xzlF)

{
x9=x8;
movetao(x9,yll-data3[ (t+first_datatstart)]);
for(j=(t+first_data+start);j<=(t+first’data+fini5h)7j++)
{

1£(x9<=x4)

{

lineto(x9,yll-data3(jl);

X9=x9++;

}
}

}
else if(data3[t]~=0£@9[|data3[t]==0x0h||data3[t]:=0xbﬂ)
{

Xx9=x8;

moveto(xQ,yll—dataB[(t+first_data+(2*start)—i)]);
fCr(j=(t+firSt_data+(J*Start)—l);j<=(t+first_data+(1*finish)-i);j++)
{

if(x9<=x4)

{



lineto(x9,yll-data3([j]):

X9=x9++;

J=j+i;

}

}

}
else if(data3[t]==CuzCB]| |data3[t]==0x{D| |data3[t]==CulE)
{

x9=x8;

moveto(x9,yll—data3[(t+first_data+(3*start)—i)]);
for(j=(t+first_data+(&*start)-l);j<=(t+first~data+(?*finish)—i);j++)
{

1E(x9<=x4)
{
lineto(x9,yll-data3([j]);
x9=x9++;
J=i+2;
}

}

x9=x8;
moveto(x9,yll—data3[(t+first_data+(4*start)—i)]); ) '
for(j:(t+first_data+(é*start)—é);j<=(t+firstvdata+(é*finish)-;);j++)
{

iP5 (x9<=x4)

{

lineto(x9,yll-data3[j] )’

79=x9++;

J=3+3;

}
}

}
else
{
}

setcolor(1%);

if(back==1)

{
closegraph();
Ggoto graph;

}
els=2 if(back==2)
{

priptf(®
printf ("
scanf ("ga®
printf (™ ¥
scanf (“"&u™", &temp2);
if(templ<={] | temp2>=3
{

2700 ] (temp2-templ)>1 | | templ>temp2)

closegraph();
goto graph_1;

lse

—_— 0

closegraph();
gotc graph_2;
}

ise if(back==23)

—_~

closegraph():;
cte graph_3;

ise

_— D —~

closegraph():
goto graph_1;



}

graph 2: initgraph(&gdriver, &gmode,®.z:' ")
t=0;
printf (7

check_code_4: if(data3(t]=

e s s sen Lot ens veRAGORE SURE SRR R, SN e R R T R S R R R R R

| 1data3(t]=
4| |data3[t]==

datal3[t]
data3[t]=
data3(t]=

3
elge
{

ting_4:
{

—_~—

t=t++;
goto check_code_4;

}
if(channel==1)

if(data3[t]==0x01)
{
for(j=(t+id+templ-1);j<=(t+id+temp2-1);j++)
{
printf(“\u ~  fboint <)
printf (¥ n R s v, templ,data3 (] *80/28%);
templ++;
}

}
clse if(data3[t]==u
{

0% |data3(t]==0x0%] |data3([t]==

for(j=(t+l?+$*temp1—2);j<=(t+1?+i*temp2—i);j++)

printf(¥un -
printE =i i
templ++;
j=j+i;

}

£

}
else if(data3[t]==0x37] |data3[t])==
{

M) |data3([t]==0x00)

for(j:(t+1?+3*templ—3);j<=(t+!?+¥*temp2—i);j++)

{
printf(¥un
printf (s
templ++;
j=3+2;

}

e M)
*, templ, (data3[j)*87)/2%5);

}
else if(data3(t]=

3]

for (j=(t+im+ (4*templ)-2) ;j<=(t+1%+ (4*temp2)-4);j++)

printf("yn = pne T
printf(“\: HEh T, templ, (data3([j]*80)/228);
templ++;

j=3+3;

setcolor(1%);

ise if(channel==2)

if(data3[t]==0x27)
{
for(j=(t+iv+templ-i);j<=(t+id+temp2-1);j++)
{
printf(
printf [¥yn i
templ++;
}

“

v, templ,data3(j]);:

}
else if(data3[t]==0x0%)



printf (7 = WUREE Lerverl YY)
printf(“.. ot Loi v, templ,data3(j]); templ+
j=3+1s

}

clse if(data3[t]==0x038| |data3(t]==%

{
for(j=(t+is+i*templ-2);j<s(t+ili+i*temp2-1);j++)

o)

{
printf("\n - Point Level ");
printf("\n %2d $2d ", templ,data3(j]);
templ++; ’
j=j+1;
}
}
else if{data3[t]==0x07| |data3[t]==0x0B)
{
for(j=(t+l9+3*templ—2);j<=(t+l9+3*temp2);j++)
{
printf("\n - Point Level ");
printf("\n $2d $2d ", templ,data3(j]);
templ++;
J=9+2;
}
}
else if(data3([t]==0x0E)
{
for(j=(t+19+3*templ-3);j<=(t+19+3*temp2-1);j++)
{
printf (¥ - )
printf{" s s ] ,templ,data3[j]);
templ++;
J=9+2;
}
}

else if(datal3[t]==0xG1)

For (j=(t+1%+(4*templ) —3) ;<= (t+10+ (4¥temp2)=3);3++)

printf (" - 81 TN
printf(“\& Es] “,templ,data3(j]);
templ++;
j=j+3;
}
}
else
{
}
setcolor(1%);
}
if (channel==1%)
{
if(data3[t]==0xi4)
{
for(j=(t+id+templ-i);j<=(t+id+temp2-1);j++)
{
printf(“\u - “)i
printf{®yn R templ,data3(j]):
templ++;
}
}
¢lse if(data3[t]==0x0C)
{
for(j:(t+17+2*templ—i];j<=(t+?“+1*temp2—i);j++)
printf (v - P nd i i% S5
printf (“u s %/ “,templ,data3(j]);
templ++;
J=y+1;
}
}

else if(data3[t]==¢ 5| |data3[t]==0x0E

{

for(j=(t+:F+2*temp1—;);j<=(t+!?+i*temp2);j++)

pELAEE { FYH = Yoot e epvert ) g



printf (“\: i 220, templ,data3([j]);
templ++;
=+

}

}
else if(data3[t])==0x0D| |data3[t]==0x0E)

{
for(j=(t+19+3*templ-2);j<=(t+19+3*temp2);j++)
{
printf ("\n = Point Level ");
printf("\n $2d $2d ",templ,data3(j]);
templ++;
j=j+2;

}

}

else if(datal3[t]==0x07)

{
for(j=(t+19+3*templ-1);j<=(t+19+3*temp2+1);j++)
{

print (“\n - Point Level ");

printf("\n $2d $2d ", templ,data3(j]);
templ++;

j=3j+2;

}

}
else if(data3([t]==0x0F)

{
for(j={t+19+(4*templ)-2);j<=(t+19+ (4*temp2)-2);j++)
{
printf("\n = Point Level ");
printf("\n %2d $2d ", templ,data3(j]);
templ++;
§=1 ¥33;
}
}
else
{
}

setcolor(15);

if(channel==4)
{
if(data3[t]==0x08)

{
for(j=(t+19+templ-1);j<=(t+l9+temp2-1);j++)
{
printf("\n - Point level ");
printf("\n %2d $2d ",templ,data3{j]):
templ++;

}
}
else if(data3([t]==0x09]||data3[t]==0x0A| |data3[t])==0x0C)

{
for(j=(t+19+2*templ-1);j<=(t+19+2*temp2);j++)

{
printf("\n - Point level ");
printf ("\n %2d $2d ",templ,data3(j]);
templ++;
j=j+1;

}
}
else if(data3[t]==0x0B||data3[t])==0x0D]||data3{t]==0x0E)
{

for (j=(t+19+3*templ-1);j<=(t+19+3*temp2+1);j++)

{

printf(*\n -  Point level ");

printf("\n %2 $2d ",templ,data3{jl);
templ++;

j=j+2;

}
}
else if(data3[t]==0x0F)
{ .
for(j=(t+19+(4*templ)—l);j<=(t419+(4*temp2)—l);j++)
{

pEIDLEE("\D - Point lTevel “);:

printf("\n $2d $2d ",templ,data3(j]);
templ++;

3=3+3;



}

else
{
}

setcolor(15);

lse

— (D

printf ("\n\n * MENU : 1. Back
"\n 2. Main window ===> Press 2
"\ 3. Exit

printf("\n * Press : ");

scanf ("$d", &back):

if (back==1)
{

if{channel==1)

closegraph();
goto temp_graph;
}
else
{
closegraph();
goto graph;
1
}
else if(back==2)
{
closegraph():
goto win;
}
else if(back==3)
{
closegraph():
goto graph_3:
}
else
{
closegraph();
goto graph_1:
}

graph_3: closegraph():

}

1 ===
// New File

£ =i
unsigned new_filef()
{

int x_axis=25,y_axis=19;

initgraph(&gdriver,&gmode,"c:\\tc");
bioscom( © , SETTINGS , 0 );
setcolor(13);
settextstyle (BOLD _FONT,HORIZ_DIR,1);
outtextxy{230,100," New File ");
gotoxy(25,11);
printf (" Save File Name : ");
gets(file name);
printf ("\n\n");
if((buffe:=fopen(file_name,"w+"))==NULL)
{
gotoxy(20,13);
fprintf(stderr,"Opening.file error \n");
exit(1):
}
gotoxy(25,15):
printf (" Waiting for receive data " );
setcolor(14):
rectangle(110,200,510,370);
setcolor(13);
rectangle(190,280,435,310);

for(i=0;i<T;i++)
{

data3[i)=readcom();



}

1f(i==0)
{

gotoxy(25,15);
primgfin Receiving data L
}
if (i==input)
{
count=count+3;
gotoxy(38,17);
printf("$d &", (count*100)/90);
gotoxy(x_axis,y_axis);
printf("\xBO"};
X_axis=x_azis+l;
input=input+910;
}

}

sound (1000);

gotoxy(25,15);

printf (" "oy
gotoxy(28,17);
printf (" Up Load Data Complete ")

delay(1000);
delay(1000);
nosound () ;

fwrite(data3,sizeof{data3),1,buffer);
if(ferror(buffer))
{
gotoxy(20,14);
printf("Can not writing file \n");
exit (1)
}
fclose(buffer);
closegraph();
return{data3([i]);

/) ==== =

// Open File

/7

unsigned open_file()

{

struct ftime filet;

st
in

ruct ffblk block;

t ch,flag,y plot;

char drive path name[70];

open:

initgraph(&gdriver, &gmode, "c:\\tc");
setcolor(13);
y_plot=14;
settextstyle(BOLD_FONT,HORIZﬁDIR,1);
outtextxy(230,100," Open File ");
setcolor(15);
settextstyle(DEFAULT FONT,HORIZ_DIR,1);
gotoxy(20,11);
printf (" Find file name : ");
gets(drive_path_name);
gotoxy(20,13);

printf (" File name Size(byte) wik:

//gotoxy(20,28);
flag = findfirst(driveApathAname,&block,32);
while(!flag)
{
gotoxy(28,y_plot);
printf("%s",block.ff name);
gotoxy(50,y_plot);
printf("%71d",block.ff fsize);
flag = findnext(&block);
y_plot++;
if(y_plot==24)
{
outtextxy(200,400," Press any key to continue
getchi);
y_plot=14;
}
//gotoxy(20,29);
}
setcolor(0);
outtextxy(200,400," Press any key to continue ");

")



setcolor(15);

outtextxy(200,400,“ Press <ESC> = Find again");
outtextxy(200,420," <ENTER> = Open file");
ch=getch({):

setcolor(0);

outtextiy(200,400," Press <ESC> = Find again"):
outtextxy(200,420," <ENTER> = Open file"):

if (ch==0x1b)

{
closegraph();
goto open;

}

gotoxy(20,25);
printf(" File Name : ")7
gets(file_name);

if((buffer=fopen(file#name,"r+"))==NULL)
{
gctoxy(20,27);
fprintf(stderr,"Opening file %s error \n",filc_name};
exit(1);
}
fread(dataB,sizeof(dataB),l,buffer);
if(ferror(buffer))
{
gotoxy(20,27);
printf("Can not reading file \n")7
exit(l);
}
fclose (buffer):

if(ferror(buffer) != NULL)

{
gotoxy(20,27);
fprintf(stderr,"?ile %s can not close \n " file_name);
exit(1l):

}

closegraph():

return(data3(i]):
}

//
// Window 4 channel

// =
void window_channel()

{

int xl=20,x2=270,x3=320,x4=570,x5=90,x7=390;
int yl=15,y2=l65,y3=185,y4=335,y5:5,y6=l75;

"

’

outtextxy(x5+30,y5," CHANNEL 1
outtextxy(x7+30,y5," CHANNEL 2
outtextxy(x5+30,y6," CHANNEL 3
4
)

1

)
")
")

)

"

outtextxy(x7+30,y6," CHANNEL ;
outtextxy(xl+55,yl+20,"(Temp.

outtextxy(x2—17,y2—10,"(Time)

)
")
outtextxy(x3+55,yl+20,"(Level)");
outtextxy(x4—l7,y2—10,"(Time) "V
outtextxy x1+55,y3+20," (Level)");

)

)

)

"

.

(
outtextxy(x2—17,y4—10,"(Time) 3
outtextxy(x3+55,y3+20,"(Level

(

outtextxy 34—17,y4—10,"(Time)

"

’
"

’

setcolor(14);

rectangle(xl+30,yl,x2+30,y2); //CHANNEL 1
line(xl+50,y2—20,x2+10,y2—20); // set row
moveto (x2+5,y2-25)7 ,
lineto(x2+10,y2-20);

lineto(x2+5,y2-15);

line(xl+50,y2—20,xl+50,y2—130); // set collum
moveto (x1+45,y1+25);

lineto (x1+50,y1+20);

lineto (x1+55,y1+25):

rectangle(x3+30,y1,x4+30,y2); //CHRNNEL 2
line(x3+50,y2—20,x4+10,y2—20): // set row

moveto (x4+5,y2-25);

lineto(x4+10,y2—20);

lineto(x4+5,y2-15)7

line(x3+50,y2—20,x3+50,y2-l30); // set collum



moveto (x3+45,y1+25) 7
lineto (x3+50,y1+20);
lineto (x3+55,yi+25);

rectangle{x1+30,y3, %2+30,y4) 7 //CHANNEL 3
line(x1+50,y4-20,%2+10,y4-20); // set row

moveto (x2+5,y4-25) 7

lineto(x2+10,y4-20);

lineto (x2+5,y4-15);

line (x1+50,y4-20,%x1+50,y4-130); // set collum
moveto (x1+45,y3+25);

lineto(x1+50,y3+20);

lineto(x1+55,y3+25);

rectangle (x3+30,y3,7 «4+30,y4) 7 //CHRNNEL 4
line (x3+50,y4-20,%4+10,y4-20); // set row

moveto (x4+5,y4-25);

lirneto(x4+1U,y4-20);

lineto(x4+5,y4-15);

11ne(x3+50,y4-20,x3+50,y4- -130); // set collum
moveto (x3+45,y3+25);

llneto(x3+50 y3+20),
lingeto (x3+5
setcolor(id

check code: if(data3(t]==
data3(t])
data3(t]
data3([t]
data3(t]=

!oatas

lcaTaB

t=t++;
gcto check_code;

}

ting: setcolor(:i):
gotoxy(3,23)7
printf(”
outtextxy
printf(“:
prdntf { #45

“

dataj[t 1) data3[t+ 14 data3[t+ ] ,da tag[tff],dataj{t+ ] data3[t+§]
,data3(t ] datd3[t+ ],dataB[t+VJ o;tas[t+Ju] data3[t+J1] data3[t+1%)):
printf(“ a : : : X

printf (¥

,oataB[t+J,J,datag[t+Jf],data3[t+1E ,data3lt+l6},data3[t+17],data3[t+l&])

¢;(da+au[t]=:ﬁxﬁi) J IChannal
{

setcolor(2);

moveto (x1+5C, yZ-ac): Qe Buot L CHANHEL
datal=C;
for (i=t+1%;i<T;i++)
{
f((x1+80+datal/ y<(K2+E5))
(
lineto(x1+iG+datal/3,y2—20—data3[i]/2);
datal++;
}
}
setcolor(1%):
}
clse if(datal3[t])==% S AChann: 2
{

setcolor (i)



moveto (x3+5%, y2=-27); A7 Plat g

datal=";
for{i=t+i%;1i<T;i++)

{
l

LF ((23+50+datal/3) <(x4-%))
{

lineto(x3+37+datal/ ¥, y2-2%-data3[i])/3);

datal++;
}
}

setcolor(id);

_— -
-

setcolor (it
moveto (x1+%0, yd-230);
datal=yJ;
fRri=t+.L8: 1<Tii#¥)
{
if((x1+5%+datal/ i) <(x2-3)
{

lse if(datal3([t]==0ul4) fiChannel

lineto(xl+%0+datal/3,y4-20-data3[i]/3);

datal++;
}
}
setoolor| i)
}
else if(acata3[t]==0x08)
{

setcolor(12);

//Channel 4

moveto (x3+50,y4-20); // Plot graph CHANNEL 4

datal=0;
for(i=t+19;i<T;i++)
{
if ((x3+50+datal/3)<(x4-5)
{

lineto(x3+50+datal/3, y4-20-data3(i]/3);

datal++;
}
}
setcolor(1l5);
}

else if{data3[t]==0x03) //Channel 1

{

setcolor(9);

moveto (x1+50,y2-20); // Plot graph CHANNEL 1

datal=0;
for{i=t+19;i<T;i++)
{
if((x1+50+datal/3)<(x2-5)
{

lineto(x1+50+datal/3,y2-20-data3({1]/3);

datal++;
i=i+1;
}

}

setcolor(15);

setcolor(10);

moveto (x3+50,y2-20); // Plot graph CHANNEL 2

datal=0;

for(i=t+20;i<T;i++]

{
if((x3+50+datal/3)<(x4-5))
{

lineto(x3+50+datal/3,y2—20—data3{i]/3);

datal++;
i=i+1;
}

}

setcolor(15);

}
else if(data3(t]==0x05)
{
setcolor(9);
moveto (x1+50,y2-20);
datal=0;
for(i=t+19;i<T;it++)
{
if((x1+50+datal/3)<(x2-5))

// Plot graph CHANNEL 1



i
lineto(x1+50+datal/3,y2-20-data3[1i]/3);
datal++;
i=i+1;
}

}

setcolor(15):

setcolor(1ll);
moveto (x1+50,y4-20); // Plot graph CHAINEL 3
datal=0;
for(i=t+20;i<T;i++)
{
if((x1+50+datal/3)<(x2-5))

{

{
lineto(x1+50+datal/3,y4-20-data3([1i]/3);
datal++;
i=i+1;

}

}
setcolor(15);
}
else if(data3[t]==0x06)
{
setcolor(10);
moveto (x3+50,y2-20); // Plot graph CHAINEL 2
datal=0;
for(i=t+19;i<T;i++)
{
if((x3+50+datal/3)}<(x4-5))
{
lineto(x3+50+datal/3,y2-20-data3(1]/3);
datal++;
i=i+1;
}

}
setcolor(l15);

setcolor(1ll);
moveto (x1+50,y4-20); // Plot graph CHANNEL 3
catal=0;
for(i=t+20;i<T;i++)
{
if((x1+50+datal/3)<(x2-5))
{
lineto(x1+50+datal/3,y4-20-data3([1i]/3);
datal++;
i=i+1;
}
}
setcolor(l5);
}
else if(data3([t]==0x09)
{
setcolor(9);
moveto (x14+50,v2-20)75 // Plot graph CHANNEL 1
datal=0;
for(i=t+19;i<T;i++)
{
f((x1+50+datal/3)<(x2-5))

ineto(x1+50+datal/3,y2-20-data3([i]/3);
atal++;
=i+1;

Q. b=

}

setcolor(l5);

setcolor(1z);
moveto (x3+50,y4-20); // Plot graph CHANNEL 4
datal=0;
for{i=t+20; i<T;it+)
{
if{(x3+50+datal/3)<(x4-5))

lineto(x3+50+datal/3,y4-20-data3(i]/3);
datal++;
i=i+1;

}



setcolor(l1l5);
}
else if(data3[t]==0x0A)
{

setcolor(10);
moveto (x3+50,v2-20); // Plot graph CHANNEL 2
datal=0;
for(i=t+19;i<T;1i++)
if ((x3+50+datal/3)<(x4-5))
{
lineto (x3+50+datal/3,y2-20-data3[1]1/3):
datal++;

i=i+1;

// Plot graph CHANNEL 4

if((x3+50+datal/3)<(x4-5))

{
lineto(x3+50+datal/3,y4-20-data3([1]/3);
datal++;

i=i+1;

}

}
seteoleor(l8};
1
else if(data3[t]==0x0C)
{
setcolor(1l);
moveto (x1+50,v4-20); // Plot graph CHANNEL 3
datal=0;
for(i=t+19;i<T;i++)

{
t

if{(x1+50+datal/3)<(x2-5))

{

lineto (x1+50+datal/3,y4-20-data3[i]/3);
datal++;

i=i+l;

}
}
setcolor(19);

setcolor{12);

moveto (x3+50,v4-20); // Plot graph CHANNEL 4
datal=0;

for{i=t+20;i<T; i++)

{
3

if ((x3+50+datal/3)<(x4-5))

{
lineto(x3+50+datal/3,y4-20-data3(1i]/3);
datal++;

i=i+1;

}

1
i
setcolor{15);
}
else if(data3[t])==0x07)
{
setcolor(9):
moveto (x1+50,y2-20); // Plot graph CHANNEL 1
datal=0;
for(i=t+19;i<T;i++)
{
if{(x1+50+datal/3)<(x2-5))
{
lineto(x1+5C+datal/3,y2-20-data3([i]/3);
datal++;
i=i+42;
}
}

setcolor(15);

setcolor(10);
moveto (x3+50,y2-20); // Plot graph CHANNEL 2



datal=0;
for(i=t+20;i<T;i++)
{
if((x3+50+datal/3)<(x4-5))
{
lineto (x3+50+datal/3,y2-20-data3[i]/3);
datal++;
i=i+2;
}
}

setcolor(15);

setcolor(ll);
moveto (x1+50,y4-20); // Plot graph CHANNEL 3
datal=0;
for{i=t+21;i<Tii++)
{
if{(x1+50+datal/3)<(x2-5)
{
lineto(x1+50+datal/3,y4-20-data3([1])/3);
datal++;
i=i+2;
}
}

setcolior(1l5);
}
else if(data3([t]==0x0B)
{

setcoleor(9);
moveto (x1+50,y2-20); // Plot graph CHANNEL 1
datai=0;
for(i=t+19;1i<T;i++)
{
if((x1+50+datal/3)<(x2-5)
{
lineto(x1+50+datal/3,y2-20-data3(1i]/3);
datal++;
i=i+2;
}
}

setcolor(15);

setcolor(10);
moveto{x3+50,y2-20); // Plot graph CHANNEL 2
datal=0;
for(i=t+20;i<T;i++)
{
if((x3+50+datal/3)<(x4-5))
{

lineto(x3+50+datal/3,y2-20-data3(1i]/3);
datal++:
i=i+2;
}
}

setcolor(15);

setcolor{l2);
moveto (x3+50,y4-20); // Plot graph CHANNEL 4
datal=0;
for{i=t+21,;i<T;i++}
{
if((x3+50+datal/3)<(x4-5))
{
lineto(x3+50+datal/3,y4—20—data3[i]/3);
datal++;
i=i+2;
}
}
setcolor(15);
}
else if(data3[t]==0x0D)
{
setcolor(9):;
moveto (x1+50,y2-20); // Plot graph CHANNEL 1
datal=0;
for(i=t+19;i<T;i++t)
{
if({x1+50+datal/3)<(x2-5))

{
lineto (x1+50+datal/3,y2-20-data3[(i]/3);



datal++;
i=i+2;
}

}

setcolor(l15);

setcolor(11);
moveto (x1+50,y4-20); // Plot graph CHANNEL 3
datal=0;
for{i=t+20; i<T;it+)
{
if((x1+50+datal/3)<(x2-5))
{
lineto(x1+50+datal/3,y4-20-data3(1i]/3);
datal++;
i=i+2;
}

1
setcolor(15);

setcolor(l2);

moveto (x3+50,y4-20); // Plot graph CHANNEL 4
datal=0;

for (i=t+21; i<T;i++)

[
1

if((x3+50+datal/3)<(x4-5))
{
lineto(x3+50+datal/3,y4-20-data3(i]/3);
datal++;
i=i+2;
}

}

setcolor{ld);

1
J

else if(cata3[t]==0x0E)
{
setcolor(10);
moveto (x3+50,y2-20); // Plot graph CHANNEL 2
datal=0;
for(i=t+19;1i<T;i++)
{
if((x3+50+datal/3)<(x4-5)
{
lineto (x3+50+datal/3,y2-20-data3[1]/3);
datal++;
i=i+2;
1
}

setcolor(15);

setcolor(11l);
moveto (x1+50,y4-20); // Plot graph CHANNEL 3
datal=0;
for ({i=t420pi<T7i++)
{
if((x1+50+datal/3)<(x2-5)
{
lineto(x1+50+datal/3,y4-20-data3[i]/3);
datal++;
i=i+2;
}
}
setcolor(1l5);

setcolor(l2);
moveto {x3+50,y4-20); // Plot graph CHANNEL 4
datal=0;
for(i=t+21;i<T;i++)
{
if((x3+50+datal/3)<(x4-5)}
{
lineto(x3+50+datal/3,y4-20-data3(1]1/3);
datal++;
i=i+2;
}
i
setcolor(15);
}
else if(data3[t]==0x0F)
{



setcolor(9);
moveto (x1+50,y2-20); // Plot graph
datal=0;
for(i=t+19;i<T;it+)
{
if((x1+50+datal/3)<{(
{
lineto(x1+50+datal/3,y2-20-data3li]/3);
datal++;
i=i+3;

}

}
setcolor(15);

setcolor(10);
moveto (x3+50,y2-20); // Plot graph
datal=0;
for{i=t+20;1i<T;i++)
{
if((x3+50+datal/3)<(x4-5)
{
lineto(x3+50+datal/3,y2-20-data3(i]/3);
datal++;
i=1+3;
}
}

setcolor(15);

setcolor(1ll);
moveto (x1+50,y4-20); // Plot graph
datal=0;
for(i=t+21;i<T;i++)
{
if((x1+50+datal/3)<{x2-5)
{
lineto(x1+50+datal/3,y4-20-data3(i]/3);
datal++;
i=i+3;
}
}

setcolor(15);

setcolor(1l2):

moveto (x3+50,y4-20); // Plot graph
datal=0;

for(i=t+22;i<T;i++)

{
L

if{({x3+50+datal/3)<(x4-5)
{
lineto(x3+50+datal/3,vy4-20-data3[1i]/3);
datal++;
i=i+3;
}
else
{
}
}
setcolor(15);
}
else
{
}
}
/ /=== ==

CHANNEL 1

CHANNEL 2

CHANNEL 3

CHANNEL 4

// Window Temperature channel

Jfmee = e

void window_ temp_channel()
{
int x4=570,x8=70,x9;
int yl11=355,y12=55;

setcolor(14);

line(x8,yl1l,x4+10,y11); //row
moveto (x4+5,y11-5);

lineto(x4+10,yll):

lineto(x4+5,y11+5);

moveto(x4,yll);
lineto(x4,yl1+5);
for(k=1;k<10;k++)



[

{

moveto (#8+ ( (x4-x8)/10)*k,yll);
lineto (#8+((x4-x8)/10)*k,y1l1+5);
}

line(x8,yl1l,x8,yl2); //colmn

moveto (x8-5,y12+5); // set symbol ( > )
lireto(x8,y1l2);

lineto(x8+5,yl12+5);

moveto{xg,yl2+46); //set range of colmn
lineto (%8-5,y12+46);

Forll=1;1<12:0 %)

{

moveto (x8,yll-((yll-yl2-44)/12)*1);
lineto(xS—S,yll—((“ll—y12—44)/12)*1);

}
setcolor(l4):

gotoxy({6,3); // set range
printf("Temp. (celsius) ");
gotoxy(71,22);

printf("Time(beat) " );
//gotoxy(4,5);

//printf ("™ 55 ");

gotoxy(4,7):

printf (" 60");

gotoxy(4,15):

printf (" 30");

gotoxy(8,24);

printf("™ 0 ");

gotoxy(70,24);

printf(" %d ",datad);//=8+datad);
gotoxy(39,24);

printf(" %d " dataéd/2);// (x8+datad)/2);

// Window a channel

// e
void window_a channel(}
{

int x4=570,x8=70,x9;

int yl11=355,y12=55;

setcolor(14);

line(x8,yll,x4+10,v1il); //row
moveto (x4+5,y11-5);

lineto(x4+10,yl1);

lineto(x4+5,y11+5);

moveto (x4,yll);
lineto(x4,yl1+5);
for(k=1;k<10;k++)

{

moveto (x8+( (x4-x8)/10)*k,yll);
lineto (x8+((x4-x8)/10)*k,yl1+5);
}

line(x8,yll,x8,y12}; //colmn

moveto (x8-5,y12+5); // set symbol ( > )
lineto(x8,y12);
lineto(z8+5,y12+45);

moveto (x8,yl2+46); //set range of colmn
lineto(x8-5,y12+46};

for{l=1;1<10;1++}

{

moveto(xB,yll—((yll—y12-44)/10)*l);
lineto(xS—S,yll—((yll—y12—44)/10)*l);

}

setcolor(14):

gotoxy(6,3): // set range
printf (" Level ");
gotoxy(71,22);
printf("Time(beat)" )7
gotoxy(4,6);

printf (" 255 "):



ting_

{_code_1: if(data3(t]==v0

gotoxy(4,14);

printf(« i2% “);

gotoxy (3, z

printf ("~ )i

gotoxy (77 ):

printf ("~ *,datad);
gotoxy (3 )iz

printf(” ¥ ,datad/2);

B data3 [t

data3(t]== | ldata3[t]==CuC 1= 1
data3(t]= | Idata3(t]= £]ldata3(t]= Il
data3(t]= | |Idata3([t]== | ldata3(t]= |l
data3(t]== ] ldata3(t]= f]ldata3(t]== )

{

t=t++;

goto ting 1;

}

2lse

{

t=t++;

goto check code 1

}

HE gotoxy(
printf (¥ Dof
gotoxy (2

“

printf (¥ e S S Tk Eo ETME T
,data3[t+l],data3 [t+%],data3[t+2],data3[t+4],data3[t+5],data3[t+E]
,data3[t+?],data3 [t+¥),data3(t+%),data3(t+Ll{],data3[t+11],data3[t+1%]);

gotoxy (&5 7

printf(*® % weyralac i ¥

gotoxy (=

printf (¥ “,data3(t+13],data3[t+i4],data3[t+l
,data3[t+16¢]),data3[t+17],data3[t+18]);

if(channel==1)

{

setcolor(?2);
if(data3[t]==0:01)
{
x9=x8;
moveto (x9,yll-data3[t+1%]);
for(j=t+i3;j<T;j++)

{
1£(x9<=x4)
{
lineto(x9,yll-data3(j]):
x9=x9++;
}
}
} 5
else if(data3[t]==Cxz(3||data3[t]==C0ult]||data3(t]==
{
x9=x8;
moveto (x9,yll-data3[t+i2]);
for (j=t+1%;j<T;j++)
{
1 (x9<=x4)
{
L
lineto(x9,yll-data3(j]);
®x9=x9++;
j=j+i;
}
}
}
else if(data3[t]==Cz{7||data3[t]==CxCH]||data3[t]==CxCD)
{
x9=x8;

moveto (x9,yll-data3[t+i3]);



for{j=t+18;9<Tij++}

1E(x9<=x4)
{
lineto(x9,yll-data3(j]);
X9=x9++;
j=j+2;
}

}

}
else if(data3(t]==CulFr)
{

x9=x8,
moveto (x9,yll-data3[t+i2]);
for(j=t+1%;3<T;j++)
{
i (x9<=x4)
{
lineto(x9,yll-data3(j]);
X9=x9++;
j=j+3;

}
eis2 if(channel==I)
{

setcolor(1);
if(data3[t]==0x0%)
{

x9=x8;

moveto (x9,yll-data3[t+i¥]);
for(j=t+13;j<T;j++)

{
1E(x9<=x4)
{
lineto(x9,yll-data3(j]);
xX9=x9++;
}
}
}
else if(data3[t]==
{

x9=x8;
moveto (x9,yll-data3(t+27]);
for{=t+28;3<T:j++)

{
1E(x9<=x4)
{
lineto(x9,yll-data3(j]);
x9=x9++;
j=j+i;
}
}
} - -,
else if(data3[t]==0x08] |data3[t]==0x3R)
{

x9=x8;
moveto (x9,yll-data3[t+1%]);
for{j=t+i9;1<Tsj++)

{
1£(x9<=x4)
{
lineto(x9,yll-data3[j] }:
®9=x9++;
J=g ik
}
}
} oin -, -
else if(data3[t]==0x07]|data3[t]==0x08)
{

x9=x8;

moveto (x9,yll-data3[t+27]);
for(j=t+230;3<T;j++)

{

if(x9<=x4)



o i

{
lineto(x9,yll-data3[j]);

X9=x9++;
j=j+;
}

}
}
else if(datal3[t]==:"
{
%x9=x8;
moveto (x9,yll-data3[t+:.%]);
for(j=t+i2;j<T;j++)

{

15 (x9<=x4)
{
lineto(x9,yll-data3(j]):
X9=x9+4;
j=j+a;
}
}
1
else if(aatal3[t]=="x
{
x9=x8;
moveto (x9,yll-data3[t+27]));
for{j=t+28;j<T;j++)
{
15 (x9<=x4)
{
lineto(x9,yll-data3(j]);

X9=x9++;
j=j+i;
}
}
lse

N = — ()

etcolor(l%);
f (channel==3)

setcolor(1l);
if(data3[t]=
{
x9=x8;
moveto (x9,yll-data3(t+:1%]);
for(j=t+i8;j<T;j++)
{
1£(x9<=x4)
{
lineto(x%,yll-data3(j]):
x9=x9++;

’

L)

x9=x8;

moveto (x9,yll-data3(t+i2]);

for(j=t+i%;j<T;j++)

{
if(x9<=x4)
{
lineto(x9,yll-data3(j]);
X9=x9++;
j=j+i;
}

}

}

else if(datal3[t]==CuzC8 |data3(t])==Cx

{

x9=x8;

moveto (x9,yll-data3[t+20]);

for(j=t+2%;j<T;j++)

{
iE(x9<=x4)
{
lineto(x9,yll-data3([j]):
X9=x9++;

)



}

P

}
elze if(data3(t]==0xzCD| |data3d[t])==Cu
{

x9=x8;

moveto (x9,yll-data3[t+Z3]);

for (§=t+20;J<T;j++)

{
if(x9<=x4)
{
lineto(x9,yll-data3(j]):
x9=x9++;
=32
}

}
}
else if(datal3(t]==CulT)
{

x9=x8;

moveto(x9,yll-data3[t+X%]);
for(j=t+2L;)<Ts]j++)

{
1T (x9<=x4)
{
lineto(x9,yll-data3(j]);
x9=x9++;
j=j+2;
}

}

}
else if(data3([t])==0x{¥F
{

x9=x8;
moveto (x9,yll-data3[t+i:]);
for{j=t+2L;3<Tii++)

{
i (x9<=x4)
{
lineto(x9,yll-data3([j]);
x9=x9++;
j=3+3;
}
}
}
else
{
}

setcolor(1%);
f{channel==%)

setcolor(12);
if(data3[t]==0x0€)
{
x9=x8;
moveto (x9,yll-data3[t+i8]);
for(j=t+1%;3<T;j++)
{
if(x9<=x4)
{
lineto(x9,yll-data3(j]):
%9=x9++;
}
}

D —

=1lse if(data3[t]==0x0I) -

¢

x9=x8;
moveto (x9,yll-data3([t+27]);
tor{j=t+20;J<T:j++]
{
if(x9<=x4)
{
lineto(x9,yll-data3(]j]);
X9=x9++;
Gi=grbls
}

e
Ut

)



}
clse iﬁ(data3{t]=zﬂx@9|ldata3[t]:=ﬂxﬂﬁl|data3[t]==
{

x9=x8;

moveto (x9,yll-data3[t+2%]);

for(j=t+20;3<T;j++)

{
1 (x9<=x4)
{
lineto(x9,yll-data3([j]);
X9=x9++;
j=j+i;
}
}
} -
else if(data3(t]==ix | |data3([t]==ux0D] |data3 [t]==0xE8)
{

% 9=x8;
moveto(x3,yll-data3[t+21]);
for(j=t+21;3<T;j++)
{
if (29<=x4)
{
lineto(x9,yll-data3(j]):
x9=x9++;
j=j+2;
}
}
}
else if(data3[t]==0x0EF
{

®x9=x8;
moveto (x9,yll-data3[t+22]);
for(j=t+22;3<T;j++)
{
1£(x9<=x4)
{
lineto(x9,yll-data3(j]):
x9=x9++;
J=j+3;

etcolor(1%);

2lse

)
(
)
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HM62256B Series

256k SRAM (32-kword x 8-bit)

HITACHI

ADE-203-135F (2)
Rev. 6.0
Nov. 13, 1997

Description

The Hitachi HM62236B Series is a CMOS static RAM organized 32,768-word x 8-bit. It realizes higher
performance and low power consumption by employing 0.8 pm Hi-CMOS process technology. The
device. packaged in 8 » 14 mm TSOP. 8 x 13.4 mm TSOP with thickness of 1.2 mm, 450 mil SOP (foot
print pitch width). 600 mil plastic DIP. or 300 mil plastic DIP, is available for high density mounting. It
offers low power standby power dissipation: therefore, it is suitable for battery backup systems.

Features

o Single 3.0 Vsupply: 3.0V = 10%
e Access time: 35 ns'70 ns 83 ns (max)
e Power dissipation:
— Active: 23 mW (nvpyf =1 NMHz)
— Standby: 1.0 tW (nvps
e Completely static memory
— No clock or timing strobe required
e Equal access and cycle times
e Comumon data input and output
— Three state output
e Directly TTL compatible all inputs and outputs

e Battery backup operation



HM62256B Series

Ordering Information

Type No. Access time Package
HM62256BLP-7 70 ns 600-mil 28-pin plastic DIP (DP-28)
HM62256BLP-7SL 70 ns

HM62256BLSP-7 70 ns 300-mil 28-pin plastic DIP (DP-28NA)
HM62256BLSP-7SL 70 ns
HM62256BLFP-7T 70 ns 450-mil 28-pin plastic SOP (FP-28DA)
HM62256BLFP-55LT 55 ns N
HM62256BLFP-7SLT 70 ns
HMB2256BLFP-7ULT 70 ns
HMB2256BLT-8 85 ns 8 mm x 14 mm 32-pin TSOP (TFP-32DA)
HMB2256BLT-7SL 70 ns
HM62256BLTM-8 85 ns 8 mm x 13.4 mm 28-pin TSOP (TFP-28DA)
HM82256BLTM-5SL 55 ns
HM62256BLTM-7SL 70 ns
HM62256BLTM-7UL 70 ns

Pin Arrangement

HIMB2256BLP/BLFP/BLSP Series

i k_J
Ald 1 - 28 Vee
A2 12 27 1 WE
A7 3 26| ] A13
AB __ 4 25| ] A8
A5 5 24| ] A9
A4 16 23| ] A1
a3 17 22[ ] OE
A2 18 211 A0
Al 19 20 ]Cs
A0 __110 19 [_] o7
1700 _| 11 18 ] 1106
no1_| 12 17 % 105
11020113 16 /04
vssjm 15[ ] 1103

(Top view)

HITACHI




HM62256B Series

Operation Table

|

Mode V.. current /O pin Ref. cycle

WE cs OE
X H X Standby lsg, leg; High-Z —
H L H Output disable 1. High-Z —
H L L Read lee Dout Read cycle (1)to (3)
L L H Write lee Din Write cycle (1)
L L L Write le Din Write cycle (2)
Note: x: HorlL
Absolute Maximum Ratings
Parameter Symbol Value Unit
Power supply voltage relative to V¢ Vee -0.5to0 +7.0 \
Terminal voltage on any pin relative to V.. V; —0.5"" to V. +0.3*2 \
Power dissipation P; 1.0 W
Operating temperature range Topr 0to+70 °C
Storage temperature range Tstg -551to0 +125 °C
Storage temperature range uw"z:ef pies Tbias —10 to +85 °C B
Notes: 1. V-min: =3.0 V for puise half-width <50 ns
2. Maximum voltege is 7.0 V

DC Operating Conditions (Ta = 010 +70°C)
Parameter Symbol /ﬁi; \ Max Unit Notes
Supply voltage V.. 45 7 5.5 v

Ves ] 0> 0 V
Input high voltage V. 2.2 Ve #03  V
Input low voltage V., -0.5* 0.8 \%

Note: 1. V,_min: -3.0V for pulse half-width < 50 ns

HITACHI
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HM62256B Series

DC Characteristics (Ta=0to+70°C,V.=5V £ 10%, V¢

=0V)

Parameter Symbol Min Typ*' Max Unit Test conditions
Input leakage current ! — — 1 UA Vin = Vg to Vo
Output leakage current [lie] - — 1 WA CS=V,orOE =V, orWE=V,,
Vl/O = VSS tO VCC
Operating current 2 — 8 15 mA  CS =V, Others =V /V,,
lo =0mA
Average HM62256B-5 lez., — - 60 mA  Min cycle, duty = 100%,1,0 = 0 mA,
operating CS =V,, Others =V, ,/V
current
HM822568-7 - — 33 60 mA
HMB22568-8 [ — 29 50 mA
lozs — 5 15 mA  Cycletime =1 ps, I,, =0 mA,
CS =V, Vy =V, V=0
Standby current fe — 0.3 2 mA CS =V,
.z — 0.2 100 WA Vin20V,CS2V,-02V
(I — 0.2 50" UA
[ — 0.27 10*° UA
Output low voliage S s 0.4 \ loe =2.1TmA
Output high voltage 2.4 e — Vv loy =—1.0 A

Notes: 1. Typical val
2. This cherec
3

. This cherzcier

o

only for L-SL version.
only for L-UL version.

Capacitance (Ta=25°C. f= 1.0 MHz)

Parameter Symbol Min Typ Max Unit Test Conditions
Input capacitance™ Cin — — 8 pF Vin=0V
Input/output capacitance™ C. — — 10 pF V=0V

Note: 1. This paremeter

eate)

¢ and not 100% tested.

HITACHI



HM62256B Series

AC Characteristics (Ta=01to +70°C, V.=5.0 V£ 10%)

Test Conditicns

e Input pulse levels: 0.8 Vo024V

e Inputrise and fall time: 3 ns

o Input and output timing reference levels: 1.5V
e Outputload: 1TTL Gate = C_ (30 pF) (HM6225

1 TTL Gate = C_ (100 pF) (HM62256B-7/8)

(Including scope & jig)

6B-5)

Read Cycle

HM62256B

-5 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read cycle time te. 55 — 70 — 85 — ns
Address access time — o5 — 70 — 85 ns
Chip seiect o eccess ime — 55 — 70 — 85 ns
_C_)utput enable to cuigut vaiic - . 35 s 40 — 45 ns
Chip select to outcut nlow-Z = 5 — 10 = 10 — ns 2
5utpu1 nable to cuicutin low-Z ¥ 5 — 5 — 5 — ns 2
Chip deselect to cuiout in nign-Z oz 0 20 0 25 0 30 ns 1, E -
Output disable to outsut in hign-Z 2z 0 20 0 25 0 30 ns 1,2
Output hold from accress change - 5 — 5 — 5 — ns

7

HITACHI



HM62256B Series

Timing Waveform

Read Timing Waveform (1) (WE=V,,)

tre .~
\\
Address N Valid address AT
tan
tacs , ——
_ \ L/ A / /
. T / / S s
CS SSSSSS ST
7__tOH o
loe . §
boiz | | —
_ | A A A ¢ /
E T | 7//// /
O | / / /S S S /

=igh impedance

Dout Valid data
Read Timing Waveform (2) (WE =\ _.CS=V, OE=V,)
lre |
- ™
Address s Valid address >l
AN
tAA | I tOH
ﬁ"or— V‘ b ‘ﬁ
. T, .cod |

oo - OX

\
i
Valid data K

HITACHI



HM62256B Series

Read Timing Waveform (3) (WE =V,,, OE=V  )**

Dout

tacs

High impedance

S .

t
<CLZ

lehz

\ >< Valid data

Write Timing Waveform (1) (OE Clock)

WC |
/ |
Address 3 Valid address Sﬁ
\
faw twr |
oF I, \ L
lew |
— /
€s ~r 7*// // } /S
s
o tf«q_ tWP
lorz
Bout w High impedance
bow ton |
l
' High impedance AVAVAY TAVAVAVAY:
Din S () valid data } XX
10

HITACHI



HM62256B Series

Write Timing Waveform (2) (OE Low Fixed)

twe

Address / Valid address
> tew o twr |
=~ L T f 7/ 7
s W/ / /o /
CS \ 7/ S
= ]
taw |
twp L lon |
W las - A\K 7L i /’
! Lot
LW ‘4&,1 - »
\ ‘
Dout 1 ! i
1'
low | o
| o
Din High impedance / \| - [
NI\ AVA

HITACHI
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HM62256B Series

Low V. Data Retention Characteristics (Ta = 0 to 70°C)

Parameter Symbol Min Typ*' Max Unit Test conditions*®
V.. for data retention Vs 2.0 — 5.5 v CS 2V, -02V,
Vin = 0V
Data retention current ceoa - 0.05 302 UA Ve =3.0V, Vinz 0V
CS =2V, -02V
baesa — 0.05 10*° UA
- — 0.05 3+ A
Chip deselect to data | . 0 — — ns See retention Waveform
retention time
Operation recovery time t. (et — — ms

Notes: 1
2. 10 uA mex. at Te = 0to +40°C.
3

Typical values are at V.. = 3.0V, Ta = +25°C and not guaranteed.

. This characteristic is guaranteed only for L-SL version, 3 UA max. at Ta = 0 to +40°C.

N

o o

This characteristic is guaranteed only for L-UL version, 0.6 1A max. at Ta = 0 to +40°C.

uffer. WE buffer, OE buffer, and Din buffer. If CS controls data retention

~ode. Vin levels (eddress, WE, O, I/0) can be in the high impedance state.

Low V.. Data Retention Timing Waveform

Data retention mode

HITACHI



ADC0808/ADC0809

Multiplexer

General Description

The ADC0808. ADC0809 data acquisition component is a
mono!ithic CMOS cevice with an 8-bit analog-to-digital con-
verter. 8-cnannel mut plexer anc microprocessor compatible
contro: iogic. Tre 8-t A’/D converter uses successive ap-
proximat o~ as the conversion tecnnicue. The converter fea-
tures & - - stediized comparator, a
swicr tree and a succes-
&-cranrel multiplexer can
cec anzalog signals.

- external zero and
to microprocessors
multiplexer address

to.ts.

~zs oeen cptimized
escects of several A/D
ADC0809 offers high
"€ Cependence, ex-
/., &nd consumes
device ideally

3 chine control to
czters. Fer 16-channel mul-
{semole/nold port) see
7 for more information.)

National Semiconductor

8-Bit uP Compatible A/D Converters with 8-Channel

October 1999

Features

Easy interface to all microprocessors

m Operates ratiometrically or with 5 V¢ or analog span
adjusted voltage reference

No zero or full-scale adjust required

8-channel multiplexer with address logic

0V to 5V input range with single 5V power supply
Outputs meet TTL voltage level specifications
Standard hermetic or molded 28-pin DIP package
28-pin molded chip carrier package

ADCO0808 equivalent to MM74C949

ADCO0809 equivalent to MM74C948-1

Key Specifications

m Resolution 8 Bits
= Total Unadjusted Error +15 L.SB and 1 LSB
u Single Supply 5 Vpe
u | ow Power 15 mW
® Conversion Time 100 ps

Block Diagram

(L T =

START  CLOCK

—1

| £KO OF CONVERSION
S E——T T

CONTROL & TiMNG

|
|
|
|
SAR |
|
|
1

A1
STATEY
ouTPUT
LATCH
BUFFER

SBIT OUTPUTS

LI

SWITCH TREE

il

2548 RESISTOR LADDER

vie e ReR AEF(-1 OUTIUT
ENABLE
DS005672-1
See Ordering
Information
TR .STATE® is 2 registerac trmzamank of N2liaral Semizar sector Comp
@ 1999 Nationa! Semiconductor Corperation DS005672 www.national.com

Joxa|dpin|y [puURYD-g YIm s1apaAu0d /v ajqnedwo) drl yig-g 608000V/808000V



ADC0808/ADC0809

Connection Diagrams

Dual-In-Line Package

28— N2
27N
26—N0
25—4C0 A
24f—40 B
23400 C
22|~ 4LE
21f—2""usB
20272
19f=273
18—2"*
17=2781s¢8
16 f—=Ver (=)
15f—27¢

C833%672-11

Order Number ADC0808CCN or ADC0O803CCN
See NS Package J28A or N28A

Ordering Information

Molded Chip Carrier Package

©
=)
a
=<

< @
o o
a a
< <

wo—
= BT
=2

D
N

IN7

START
EOC
25

OUTPUT LNABLL

}— GND
= Veer (+)

DS005672-12

Order Number ADC0808CCV or ADC0809CCV

See NS Package V28A

TEMPERATURE RANGE -40°C to +85°C -55'C to +125°C
Evigr ADC0808CCV ADC0808CCJ ADCO0808CJ
ADC0809CCV
V28A Molded Chip Carrier J28A Ceramic DIP J28A Ceramic DIP

www.national.com 2




Absolute Maximum Ratings (notes 2, 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

6.5V
=0.3V to (Vc+0.3V)

Supply Voltage (Ve¢) (Note 3)
Voltage at Any Pin
Except Control Inputs
Veitage at Control Inputs -0.3V to +15v
(START. OE. CLOCK. ALE. ADD A, ADD B, ADD C)
Storage Temperature Range -65C to +150°C

Dual-In-Line Package (cerami
Molded Chip Carrier Package
Vapor Phase (60 seconds)
Infrared (15 seconds)
ESD Susceptibility (Note 8)

c)

Operating Conditions (Notes 1, 2)

Temperature Range (Note 1)
ADCO0808CCN,ADC0809CCN

ADC0808CCV, ADC0809CCV

Range of V.. (Note 1)

Package Dissipation at T.=25'C 875 mW
Leec Temp. (Scidering. 10 seconcs)
Dual-In-Line Packace (olestic) 260°C

Electrical Characteristics

300°C

215°C
220°C
400v

TrminSTasTumax
-40"C<T,<+85°C
—40°C < T, < +85°C
45 Vpe 10 6.0 Vo

Converter Specifications: V=5 V- =Vace. Vage;SGND, TyynSTasTuax &nd fo =640 kHz unless otherwise stated.

Symbol Parameter Conditions Min Typ Max Units
ADCO8C8
Total Lrnec .stec Erre 25C 12 LSB
‘Note 5, Ton 10 Togax 1y LSB
ADC0809
Total Lrec _stec Error 0Cto70C +1 LSB
Note 5 T 10 Tiaax Vs LSB
I~out R From Ref(+) to Ref(-)} 1.0 2:5 kQ
Angiog (Note 4) V{+) or V(=) GND-0.10 Veet0.10 Vee
Vass - Jotage. Too of Laccer Measured at Ref(+) Vee Veet0.1 Vv
ctege. Ce~te- of Lacce Vee/2-0.1 Veel2 | Vee/240.1 \
2
Vas= - | Measured at Ref(-) -0.1 0 \
I | f.=640 kHz, (Note 6} 2 +0.5 2 LA

Electrical Characteristics

Digital Levels and DC Specifications: ADCC808CCN,

-£0°C<T.<-85'C unless otnenvise ~clec

ADC0808CCV, ADC080SCCN and ADCO809CCV, 4.755V<5.25V,

Symbol ] Parameter Conditions Min ] Typ Max Units
ANALOG MULTIPLEXER
loe= - OFF Cre~~e! Lea<age Curent Vee=5V, Vin=5V,
Ta=25C 10 200 nA
T 10 Tuax 1.0 HA
osE - OFF C-z~~el Lee<ace Current Vee=5V, V=0,
Ts=25'C -200 -10 nA
Tuin 10 Twax -1.0 HA
CONTROL INPUTS
Vini=s Logica! "1 Input Vcitage Vee=1.5 \
Vinis Logical 0" Input Veitage 1.5 \%
Ve Logicai "17 Input Current Vin =15V 1.0 LA
{The Control Inputs)
e Logicai 0" Input Current Vin =0 -1.0 LA
(The Control Inputs}
lec Supply Current foLx =640 kHz 0.3 3.0 mA

www.national.com
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ADC0808/ADC0809

Electrical Characteristics (continued)

Digital Levels and DC Specifications: ADCO808CCN, ADC0808CCV, ADC0809CCN and ADC0809CCV, 4.755V<5.25V,
-40°C<T,<+85°C unless otherwise noted

Symbol ] Parameter l Conditions 1 Min [ Typ Max | Units
DATA OUTPUTS AND EOC (INTERRUPT)
Vouray Logical “17 Output Voltage Vee = 4.75V
lour = —360pA 2.4 V(min)
lour = —10pA 4.5 V(min)
Vouto Logical “0” Output Voltage 1o=1.6 mA 0.45 \
Voute Logical “0” Output Voltage EOC 161.2 mA 0.45 \
lour TRI-STATE Output Current Vo=5V 3 HA
Vo=0 =3 HA

Electrical Characteristics
Timing Specifications V.c=Vacr;=5V, Vaeg,°GND, t,=t,=20 ns and T,=25'C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
tos Minimum Stz Puise Wicth (Figure 5) 100 200 ns
\imimum ALE Pose Width (Figure 5) 100 200 ns
t, Nmmum Accrsss Set-Up Time | (Figure 5) 25 50 ns
fd (Figure 5) 25 50 ns
1- Rs=0Q (Figure 5) 1 2.5 Us
[ | C_ =50 pF, R =10k (Figure 8) 125 250 ns
. C_ =10 pF, R =10k (Figure 8) 125 250 ns
ts =640 kHz, (Figure 5) (Note 7) 90 100 116 Us
f. 10 640 1280 kHz
fece (Figure 5) 0 8+2 puS Clock

Periods
€ I~oct Canacte-ce At Control Inputs 10 15 pF
Eppn TRI-STATE C.tou At TRI-STATE Outputs 10 15 pF

Ceoactarce

s beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
ons

2™ V¢ to GhD and has a typical breakdown voltage of 7 Vpg.

o¢ input which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater
™\ forward bias of either diode. This means that as long as the analog Vy does not exceed the supply voltage by more
chieve an absolute 0Vpc to 5Vpc input voltage range will theretore require a minimum supply voltage of 4.900 Vpc
¢ leading

es c¥set full-scale, lineanty, and multiplexer erors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. How-
or 2~ anaiog inout other than 0.0V, or if a narrow full-scale span exists (for example: 0.5V 10 4.5V full-scale) the reference voltages

neve tus dse <

temperatu d
Note 7: updated one clock cycle before the rising edge of EOC.
rged thirough a 1.5 kQ2 resistor.

www national com 4




National Semiconductor

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

temperature range. The LM335 operates from -40°C to
+100°C. The LM135/LM235/LM335 are available packaged
in hermetic TO-46 transistor packages while the LM335 is
also available in plastic TO-92 packages.

General Description

The LM 135 series are precision, easily-calibrated, integrated
circuit temperature sensors. Operating as a 2-terminal zener,
the LM 135 has a breakdown voltage directly proportional to
absolute temperature at +10 mV/'K. With less than 1Q dy-
namic impedance the device operates over a current range
of 400 pA to 5 mA with virtually no change in performance.
When calibrated at 25°C the LM135 has typically less than
1'C error over a2 100°C temperature range. Unlike other
sensors the LM 135 has a linear output.

Applications for the LM135 include almost any type of tem-
perature sensing over a -55°C to +150°C temperature
range. The low impedance and linear output make interfac-
ing to readou: or control circuitry especially easy.

The LM135 operates over a =55'C 0 +150°C temperature
range while the LM235 operates over a -40°C to +125°C

Features

B Directly calibrated in "Kelvin

m 1°C initial accuracy available

m Operates from 400 pA to 5 mA

® Less than 1Q dynamic impedance
m Easily calibrated

® Wide operating temperature range
m 200°C overrange

B Low cost

November 2000

Schematic Diagram

}/M
< 50k

as lﬁi
49k

ADJUSTMENT

DS005698-1

© 2000 National Semiconductor Corporation

DS005698

www.national.com
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LM135/L.LM235/LM335, LM135A/LM235A/LM335A

Connection Diagrams

TO-92
Plastic Package

0S005698-8

Bottom View
Order Number LM335Z
or LM335AZ
See NS Package
Number Z03A

S0O-8
Surface Mount Package

1 \_/ |s
NC — e

2 7

NC — — NC
3 6

NC — — NC
4 5

- — — ADJ

DS005698-25

Order Number LM335M
See NS Package
Number MO8A

TO-46
Metal Can Package*

DS005698-26

*Case is connected to negative pin

Bottom View
Order Number LM135H,
LM135H-MIL, LM235H,
LM335H, LM135AH,
LM235AH or LM335AH
See NS Package
Number HO3H

www.national.com




Absolute Maximum Ratings (note 4) Specified Operating Temp. Range

If Military/Aerospace specified devices are required, Continuous :'rlf;remé;tem

please contact the National Semiconductor Sales Office/ . - - . . . .
Distributors for availability and specifications. LM135, LM135A  -55°C to +150°C 150°C to 200°C
LM235, LM235A  -40°C to +125°C 125°C to 150°C

Reverse Current ta A LM335, LM335A  -40°C to +100°C 100°C to 125°C

Forward Current 10 mA Lead Temp. (Soldering, 10 seconds)

Storage Temperature TO-92 Package: 260°C
TO-46 Package -60°C to +180°C TO-46 Package: 300°C
TO-92 Package —60°C to +150°C SO-8 Package: 300°C
S0-8 Package ~65°Cto +150°C Vapor Phase (60 seconds): 215°C

Infrared (15 seconds): 220°C

Temperature Accuracy (Note 1)
LM135/LM235, LM135A/LM235A

Parameter Conditions LM135A/LM235A LM135/LM235 Units
Min Typ Max Min Typ Max

Operating Output Voltage Tc=25C, I =1 mA 2.97 2.98 2.99 2.95 2.98 3.01 Vv
Uncalibrated Temperature Error Tec =25C,lg =1 mA 0.5 1 1 3 iC
Uncalibrated Temperature Error Tuin € Te € Tuax, [k = 1TmA 1.3 2.7 2 5 ‘C
Temperature Error with 25°C Tuin $Te € Tyax: Ik = TmA 0.3 1 0.5 1.5 C
Calibration

Calibrated Error at Extended Te = Tuax (Intermittent) 2 2 C
Temperatures

Non-Linearity I = 1TmA 0.3 0.5 0.3 1 ‘C

Temperature Accuracy (ot 1)
LM335, LM335A

Parameter Conditions LM335A LM335 Units
Min Typ Max Min Typ Max

Operating Output Voltage Tc=25C Ig =1 mA 2.95 2.98 3.01 2.92 2.98 3.04 \
Uncalibrated Temperature Error Tc=25C, Ig =1 mA 1 3 2 6 ‘C
Uncalibrated Temperature Error Tun €Te € Tuax, Ir = 1TMA 2 5 4 9 'C
Temperature Error with 25°C Tuin €Te € Tyaxs Ik = TMA 0.5 1 1 2 ‘C
Calibration

Calibrated Error at Extended Te = Tuax (Intermittent) 2 2 ‘C
Temperatures

Non-Linearity lg = 1TmA 0.3 1.5 0.3 1.5 ‘C

Electrical Characteristics (Note 1)

LM135/LM235 LM335
Parameter Conditions LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA<ig<db mA 2.5 10 3 14 mV
Change with Current At Constant Temperature
Dynamic Impedance Ir=1mA 0.5 0.6 Q
Output Voltage Temperature +10 | +10 mV/'C
Coefficient
Time Constant Still Air 80 80 sec
100 ft/Min Air 10 10 sec
Stirred Oil 1 1 sec
Time Stability Tc=125C 0.2 0.2 “Cl/khr

3 www.national.com
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1LM135/LM235/LM335, LM135A/LM235A/LM335A

Electrical Characteristics (vote 1) (Continued)

Note 3:

Thermal Resistance TO-92 TO-46 SO-8
0,4 (junction to ambient) 202°C/W  400°CwW  165°C/W
6,¢ (junction to case) 170°'C/W N/A N/A

Note 4: Refer to RETS135H for military specifications.

Typical Performance Characteristics

Reverse Voltage Change Calibrated Error

Response Time Dynamic Impedance

3
5 & RENR ! | I
5 R ;
o Ti=-55°C |4 5 i
o | 74 ST 2 T /
g L Vi =
T x
; 5 /rf:zs’c R L1
£ : BT
S 3 . -~ §
g L, T = 125°C —] z ‘
5
s, parZa |
= 0 i ‘ ] -4 i
o 2 4 § 8 1 55 -15 25 65 105 145 185
REVERSE CURRENT (mA) TEMPERATURE (°C)
280Ca698-27 DS005698-28

AIR VELOCITY (FPM)
DS005698-33

4 —T 100
__I___Y,=zs=
3 =
s —§— ouTeuT =
2 | S 10
i z
z <
z 3
a 1 S —— s 7
w z Tj -55°C
< (=] o 0
S J S Ll Tim s —
g > = < ¥ N
10 f z 1
| INPUT i =
| N Tj=25°C——
ll
0 [ l l ] 1 ] I 0.1 |
0 1 2 k) 4 5 10 100 1k 10k 100k
TIME (us) FREQUENCY (Hz)
2S005658-30 OS005698-31
Thermal Resistance Thermal Time Constant
Junction to Air i :
400 [T T 40
= = 35
Z 2
<300 e 3
I Z %
z g N\
I
5 z 20
3 200 : S \
& T046 ; w 15
= 1046
i Y = AN !
100 + 5 \‘\N ;
= 1092 : o L1082 -
o Lt l | 0 400 800 1200 1600 2000
0 400 800 1200 1600 2000 AIR VELOCITY (FPM)
DS005698-34

Note 1: Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered.
Note 2: Continuous operation at these temperatures for 10,000 hours for H package and 5,000 hours for Z package may decrezse life expectancy of the device.

Reverse Characteristics

10 T
Tj=25°C
3
£
=
z o
o Tj=-55°C
o
> 1
S
w
&
o<
i}
=
&
- Tj-125°C__|
o LA L | |

1 2 3 4
REVERSE VOLTAGE (V)

DS005698-29
Noise Voltage
360 T
Iz=1mA
- Tj=25°C
320
z \
3 280
il
w
]
s
= 20 9
200
10 100 Tk 10k 100k
FREQUENCY (He)
DS005698-32

Thermal Response in Still Air

>
=3

Y

@
E=1
™

N
15
]

PERCENT OF FINAL VALUE (%)
o
o
M~

o

0 2 4 6
TIME (MINUTES)

DS005698-35
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Typical Performance Characteristics (continued)

Thermal Response in Stirred Oil Bath

100

60
all

20

PERCENT OF FINAL VALUE (%)

0 2 4 & g

TIME (SECONDS)
DS005698-26

Application Hints

CALIBRATING THE LM135

included on the LM135 chip is an easy method of calibrating
the device for higher accuracies. A pot connected across the
LI 135 with the arm tied to the adjustment terminal allows a
1-point calibration of the sensor that corrects for inaccuracy
over the {full temperature range.

This single point calibration works because the output of the
LM 135 is proportional to absolute temperature with the ex-
trapolated output of sensor going to 0V output at 0'K
(-273.15°C). Errors in output voltage versus temperature are
only slope (or scale factor) errors so a siope calibration at
one temperature corrects at all temperatures.

The output of the device (calibrated or uncalibrated) can be
expressed as:

Voutr = Voutr, * 7
[¢]

where T is the unknown temperature and T, is a reference
temperature, both expressed in degrees Kelvin. By calibrat-
ing the output to read correctly at one temperature the output
at all temperatures is correct. Nominally the output is cali-
brated at 10 mV/'K.

Typical Applications

Basic Temperature Sensor

+

v* v
R1 R1
ouTPUT
10 mV/°K
LM335 LM335
DS005698-2 a—

*Calibrate for 2.982V at 25°C

Calibrated Sensor

Forward Characteristics

1

0.8

bt
ot

0.6

I
\A\¢

L

04

FORWARD VOLTAGE (V)

] -2t

" LT
]
1
FORWARD CURRENT (mA}
DS005698-37

10

To insure good sensing accuracy several precautions must
be taken. Like any temperature sensing device, self heating
can reduce accuracy. The LM 135 should be operated at the
lowest current suitable for the application. Sufficient current,
of course, must be available to drive both the sensor and the
calibration pot at the maximum operating temperature as
well as any external loads.

If the sensor is used in an ambient where the thermal resis-
tance is constant, self heating errors can be calibrated out.
This is possible if the device is run with a temperature stable
current. Heating will then be proportional to zener voltage
and therefore temperature. This makes the self heating error
proportional to absolute temperature the same as scale
factor errors.

WATERPROOFING SENSORS

Meltable inner core heat shrinkable tubing such as manufac-
tured by Raychem can be used to make low-cost waterproof
sensors. The LM335 is inserted into the tubing about 2"
from the end and the tubing heated above the melting point
of the core. The unfilled ¥2" end melts and provides a seal
over the device.

Wide Operating Supply

v+
5V-40V
R
LM334
QUTPUT 10 mV/K
68
V-
ouTPUT
10 mV/K
-
LM335
DS005698-9
DS005698-10
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1.M135/LM235/LM335, LM135A/LM235A/LM335A

Typical Applications (continued)

15V 15V

10k

Minimum Temperature Sensing Average Temperature Sensing Remote Temperature Sensing

OUTPUT

=

DS005698-19

Wire length for 1°C error due to wire drop

6k
—b ‘Tgﬁmm Tayg (30 mV/°K)
LM335 LM335 ’% LM335 LM335 LM335
l LM335
LM335
DS0056984
DS005698-18
AWG
14
16
18
20
22
24

=1
mA
FEET
4000
2500
1600
1000
625
400

I = 0.5 mA*

FEET
8000
5000
3200
2000
1250

800

Isolated Temperature Sensor

LM335

: ? 15V
SAAAT gounns 0.1
4 ~

°

4258-0007

510 IN914 10k

200 pF

-15V = -15V

ouTPUT
10 mVlrK

DS0N05698-20

*For Iz = 0.5 mA, the trim pot must be deleted.
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Typical Applications (continueq)

Ground Referred Fahrenheit Thermometer

-15v

Simple Temperature Controller

10v -30v

p! HEATER
10k 5k 10k
2
e 77 s,
0.01 uF M3 LM395
10k
I 3 4
1
& *LMJZS |
DS005698-5
Simple Temperature Control
M35
HEATER
IN ouT o
SV-40V — —1 M350 —L
RDJ -
10k
SET
TEMPERATURE 3k
LM329¢C
3k
1k
-1V
DS005698-21

DS005698-22

*Adjust R2 for 2.554V across LM336.

Adjust R1 for correct output.

1k
————AAA———

15V
2. 7
" 6

Lm308

Centigrade Thermometer

15V

15V
%6
LM336
*
2%
’ I—

“Adjust for 2.7315V at output of LM308

OUTPUT
10mv/°C

DS005698-23
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LAB EL327, “Data Acquisittion and Conversion™ Electronic laboratory, Dept. of Electronic
“ET — AFP V 1.0 Flash Programmer * User’s Manual , ETT Co.,Ltd.

“MCS - 51 Microcontroller Training Board” User’s Manual. Innovative Experiment Co.,Ltd.
* LM335 " National Semiconductor Operation, 2000, Page 1 - 7.

“ ADC 0808 " National Semiconductor Application Note 247, Page 626 — 630 .

“DS1307 > Dallas Semiconductor, Page 1 - 6.



