d‘l v XK
#IIVUNNTDTU
ELECTRIC CONSUMING RECORDER

1ag

wie ndgey  ensnasded
<

U W Aeufusddna

aew o » a
Wiy 8asau uNu

mm"sm:ni\ia '%M’J?)Mg-,t? as4
wanuiiow

e RCONRY 14,08 3\1

a1 una lulas Insauuau

AULIAINTTUAIAAT

aguma IuTatnszromndudigaunmisaranszys

Insdnm 2541

AErr O uveunJasldlvvh

v .
WsggntiwustidudaumifwesmsanumdngastSyangasmassumanstodia

040526



PROJECT REPORT ELECTRIC CONSUMING RECORDER
BY ) MR. KATANYU APIRAXVONGSRI
MR. PORNTAPE KONGKIATTISAK
MR. APIRAT PENNGERN
DEPARTMENT OF INDUSTRIAL TECHNOLOGY
ADVISOR MR. PAISARN SITTTYOPASAKUL

ACCEPTED BY THE FACULTY OF ENGINEERING , KING MONGKUT’S INSTITUTE
OF TECHNOLOGY , LADKRABANG IN PARTIAL FULFILLMENT OF THE
REQUIREMENT FOR THE BACHELOR’S DEGREE.

PROJECT REPORT COMMITTEE

....................................................

....................................................

....................................................

....................................................

...................................................



-

- T

fdoTgganiine Ieatiunaa e M wnies 14w
Y awv 4
Toe _ w1y nAgny eATNIIAAHT
= - o <
W wsmw  ApunusAfng
Qv o i <
wie onsan ulu
MAIMN MALIAGATINNT TN
p10138HYInmN 919130 Iwmia Anslunana
unAaee

o [ o 1 [ [ 4 4 ' ' '
Pogiuswrinlddan sanmsldndanuldiuivenaiduvn Taomwemsld
LA 4 +
wased W Melldwdudlownnnmssdndumsiamedursyghoiaz gaamnssy
= o l=' ° [ =} [ 4! d. ° Yo o
vuz@nfu maiuinoudiznasvenlszmefidudilsdonilainiisannildmdaan
< = v & o a o d a4
mundudle  aai munane Mz luilepiuazIngamesdundenuiionsfedu 1y
' o .4 L L. 1 a o o 1 A :
o vn luvumnilssudandenuiuediaeieds msldndsanlwihidduannniigariu
@ A { o @ ACJ ' 1 o @ [ CJ °
Huilsfofmilsii s ldninenassssumnanidegoieie IdRufiuss amsari
as o o - a ) ° 4 o a o 4
Tdmaeds Antu YSggdwaninduiifeldi musniesiufinaauzmsmauveunies
4 as J o 4 o =\ 4:1 4
Wi nTesdsnanansadamvesnszua il ussduvi uasguugiivasfiniosld
n‘: o [ t - o P =
T niuduey  Tag uasamarunsuiames lugduuuvesnsmiuduifimanlaou
utlas amnan war awsatufindeyaiitaldaghad  meldlumsnSeuioumsiam
) a o : ) o 4 a {
vounsedld IWihatia@uiunie duvde  wandddiiudundeslf wfhwialafiouiseld

o L] U A - - ¢ T Q’:
wasm ldeonduannniiga uazannsoasisaevnnudatnAveunisdld I umaniuld

NNNANLAAT DBNUT



-7

PROJECT REPORT ELECTRIC CONSUMING RECORDER

BY -~ MR. KATANYU APIRAXVONGSRI
MR. PORNTAPE KONGKIATTISAK
MR. APIRAT PENNGERN

DEPARTMENT OF ' INDUSTRIAL TECHNOLOGY
ADVISOR MR. PAISARN  SITTTYOPASAKUL
ABSTRACT

Nowadays we have realized that our country is consuming energy in an
increasing rate every year especially the consumption of electric energy. The growth
of populations every year and the country development by expedite the growth of
economics and industries are the two main causes of such high consumption rate of
energy that may load to the problem of energy crisis in near future. The campaign of
energy saving in the country is a hopeful way to deal with such terrible problem.
Basing upon the concepts of energy saving. Our project has introduced an electric tool
that can promote a remarkable contribution to electric energy saving. The “Electric
Consuming Recorder” or ECR is equipment that we can use for measurement electric
current consumption (ampere consumption), electromotive force (voltage
consumption) and temperature of household appliances while using. The measured
values of ampere consumpiion, voltage consumption and temperature are processed
and display in the form of linear graphics that vary directly to times on the screen
monitor of a personal computer (PC).The data can be kept in a floppy disk in order to
compare among the measured values of the same type or even different type of the
household appliances. It will show which one is the most electric saving and can

detect the abnormal performance of the machine if any.
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3.3.2 UUUUN3INNY (Tracking A/D Converter)
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6.1 wan1snaaslannniausaau

AT 6.1 uaAINaNITNARBIIAMINMIAIALTIAY

usaduWadufi| wsewiuIwadudl | useiulvaseilonn [useduinasefies

flould LOAD | sontinusieutas | 91n0/PYeIADE36TH 1A /D
170V 9.55V 88mV 1.7v
180V 10.10V 93mv 1.8V
190V 10.65V 99mV 1.9V
200V 11.35V 105mV 2.0V
210V 12.00V 111mV 2.1V
220V 12.7V 118mV 2.2V
230V 13.16V 123mV 2.3V
240V 13.73V 128mV 2.4V
250V 1431V 133mV 2.5V
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MIN 62 uTAINaNIIVAaaMaf MR IansTue

aszuad nasu LOAD | usssuIMasefiooninaeesADe3sTH | usaduIiassfiidhnn A /D
0.4A 54mV 0.16V
0.5A 69mV 0.20V
0.6A 85mV 0.24V
0.7A 101mV 0.28V
0.8A 118mV 032V
0.9A 136mV 036V
1.0A 153mV 0.40V
1.1A 16TmV 0.44V
124 185mV 0.48V
13A 200mV 0.52V
14A 218mV 0.56V
1.5A 237mV 0.60V
1.6A 252mV 0.64V
1.7A 271mV 0.68V
1.8A 290mV 0.72V
1.9A 308mV 0.76V
2.0A 323mV ) 0.80V




6.3 samsnaasddamiiainiagangil

-

o o d o o
M99 6.3 ll'dﬂqNaﬂ'ﬁﬂﬂaﬂﬂ')ﬂﬂ']ﬂﬂ']ﬂ')ﬂqm'ﬂqu

a o v d o d
gunguy C LliQﬂNYILB'IY.I‘V]VI'UEN'Nﬂ‘S lliiﬂuﬂlﬁ"]ﬂ']ﬂ A/D
20 200mV 200mV
22 220mV 220mV
25 250mV 250mV
27 270mV 270mV
30 300mV 300mV
32 320mV 320mV
35 350mV 350mV
40 400mV 400mV
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6.4 HaMINABIIAMNNIA TEST A /D

AT 6.4 HOAMANBIIAAINMANIA TESTA/D

Lliiﬁﬂ‘ﬂﬂﬂﬁl‘:ﬁ A/D|AO| A1 | A2| A3 | A4 | AS| A6 | AT | A8 | A9 [A10]All
1.5SmV 0 ojojfojJojoOo]JoOjoOjoOjoO{r1
2.6mV ojojojojojojojojojyogyryio
3.5mV ojojojojofojojojroyroqg1 1
4.5mV ojojojojojojojoqo 10} 0
5.5mV ojojojojoyojojoqgo 11011
6.5mV ojo0jojojoyojgojoy]o 1 110
7.5mV ojojJojojJojojojogo 1 1 1
8.5mV ojojojojojoqyogjo 1 0jJ]0¢}t o0
15.5mV ,0'Jojojlotolotolfo 1 1 1 1
16.5mV ojojojojojogo 1 0jo0}]o0]oO0
31.0mV 0ojo0fojojojoto 1 1 1 1 1
32.0mV 061010} 0]0]0 1 010010730
62.0mV ojojojojogfo 1 1 1 1 1 1
63.0mV 0ojojJojojo 1 o0jlojojo|o0{o0
124.5mV 0jJo0ofo0oy04}o0 1 1 1 1 1 1 1
125.5mV 0}jJ 0101} O0¢{-l ojo0ojo0jo0jJotjojo
250mV ojo0j{oj]o 1 1 1 1 i 1 1 1
251mV 0jo0ti o0 1 ojojlojojojofjofo
500mV 0jo0to0 1 1 1 1 1 1 1 1 1
501mV 010 1 0J]0}J]O0O}jJO0O]JO}O]JO0O]}O0}O
1.000V 0] 0 1 1 1 1 1 1 1 1 1 1
1.001V of1jJ]0jo0j0fo0ojo0jojojojoyjo
2.000V 0 1 1 1 1 1 1 1 1 1 1 1
4.000V 1 1 1 1 1 1 1 1.,1 1 1 1 1



I I sunsuuda J8m=n1 51514 wva nasa i uhihD \mbuvay:

1 Project\projectprogramitest] powD \mutiaya Projec

250 }'1:4 ¥

<00

o A4

NI T

LRI PN EE

¥

3 6.1 urmmanfSeudfeuaauzmsiauszuiania fu nszAnduirfeuiivaanar 1-5 wiiusn




B Ty nn swiga adamuzmsmanuva nnsa sl D-Amiduvaya  Project\projectprogramitest] powD Amiluvoya Projectiprojectpro. R [&]x

nd gene

1 Laan

. vl

Mo

AAFTH AN 4R

14

g1 62 namamanSeudisuamgmehauszniamia du nazdndinhioundnana s-10 wiiiden




78

6.5 agleanisnaasy

o @ : A ‘< as [ Y : Q’ d o
ludgrwudunmamanedimniauseiuifwas aszua i wiudei duilgminfe
v da & o . v 4 ' dy
dygnusuniuiiaiunn Tefvdang ildnsdium ofset moldruilu o vausdlid
o ] ~ .‘I‘ ’ AQ 4 & !
ussrunIonszua Ifhfoudigmniniiaes  witlgmifadudina nannsoudludae

, 1 d A @ o d
ﬂ'liﬂﬂﬂ‘i'I'Jlf‘ll‘EN'NﬁiﬂQLm‘NLHﬁﬂ matﬂumsaﬂizﬂwmmytgmwmﬁmmmu

Tud1uven1n Analog Switch shulasnd 1c fiflautesnaatiuse g
winfissziiamamlumavinnamsdadygunn npat § Output Fil¥msdadeyah
gaoufiamefifianisfianatn  mazneufanesinnud lunisyihiuminnd Analog
Switch e?afmmnuﬁﬂcgmﬁzﬁﬂﬁuﬂﬁﬂawﬁ% Tnulu Project f‘hﬁ‘%uﬁﬂcymimmﬂ%
goruad minalumaiavesmeuiamesidiae el Anslog Switch ¥haw'ld
wuiuneuRuaey

udmvesmadumesive M3t Address  WuFesudurnniumsiiegyinly
ﬂauﬁamas’mu15n‘:’u1‘1’auaﬁ'lﬂmnmsi’mfuqnﬁm TAt Project 114113819 Address
300, 302, 304H Fuffumsda Address WU Fix 990199211 Address 1) UM Address
vaamsﬂmauuuﬂaummas Fuhiedeniims Set Address Youminfady q Wifum
sulyl pouRumeiiszrunsafudeyannnsialdedugndes

uduves Tsunsuifuly Project 1114 Delphi lums@endiugevinimivguuas
uaasrannmedn Fadiullsunsufiviousufusssy Windows  Tnedefveins§ou
Tusunsaliienuswfussuy Windows tufifte snveaTusunsusrasnmuazildon
uadeidofifio 1loannszuy Windows ssoviansldaeTlsunsamdonug iy
msfifufnnmsiadudulvesredeionfu n'vlﬁﬂmsﬁqﬂTﬂmﬂsmﬁaﬁmsﬁ'un‘l%
Tsunsudu Vl'llﬂﬂ’liiijﬂ'lmE)u'll!'lWﬁE)Ylﬂi'lﬂLﬂﬂﬂ'liHQﬂ"Nﬂﬁd fufulumsfior Run

sovuafil sxdpanyans W Tsunsududorion -



e oo

o e m

VITANYNTY

1. gileled TTL , uiin &Bagindu d1n | 2534,

2. 9103 e, Teany 98Tue |, “inFeatn uaz ma¥amaludh »
mnauduasuaNuimatiassnhalisms

3. nema wwfaulivesy |, « mindSumedmlaounlsyaas »
winsuAnRpidlaangeiing , mih 207- 308 audl 136

4 $Wund onmaund, funs fn , ©n1sdumesia IBM/pC "
Wind dhuaed, w158~ 173

5. g e ,gNTMT UIUYY , “ inSoaiuiinns 1dindeaingh »

WiggiinuindngasiTyggammnssumansiiudia, 3 2540



MANUHIN



TRANSFORMEX

AC2Y

ssvsmadanazue i ussdulvidh uazqoumgd

471

-

St
<

D3
3]
It

cls

<l

<—

K

LM9LL

5v

n




aasa

WU

)

A

i

B! Al

B R

] I

B M

RS Y

B I

B o .

B I}

» 8 1.q
B10 Al [
Bl Al 4

[T

yyoy

A
Bl
——— B¢
———1 BI? n
——l B
— B T-T;—:
—— B
Rl (|
—d
—— B2}
— s
— B —
—~——t B i e R THD o n jo =
— AR p— CR B Yl [0~
—1p an e S c v lo 1
- e — v
— B PRI S
a7
——=1 D1 o p— AT )
———{ R 2 b—-— CAE D 3
— D3 fic Jy M
P o —_
b o R >——{a  wl-k
—_— D% b p——m
——w of— s 1 g—{}— \
e b a b <A i n——l‘% -
— b [— ‘ Eg"'—%: u) ! Lyt AJ ' 1 2 " A w
—J o ol f—  CRrD BVl l L) n ; N oo
—] FITIR — g‘o 6 (03— 3 i) K . p—
- D3 o f— B n jo-1— 2| g CIN066B e_!__ REF CAP-
~—— DN o f—— Wian -]
g o — o e j\ I P
—— REF i
—] o0 P —
—d DB B | ”‘“J&L_ W
1 s
COMMON
v o
ax
891) g o
Bl BUF
REF OUT
] v
“l 03C TR
osc ouT
P 21 osew
pCLK o » ayeal 35795 M
2q pt
29N Suianadile _— “‘f




04"

1 [ad Jed 24

3
. ] {3
Epas _‘:

sUmgnesfivivensesmatanszue uazusediulvh




aesfiniveamataqungi




TR

\ e

\\ nottod top
N\

-}

i)

04

|

- N
| ////( W N
: L 671 F
{ o oootl r—1
p— ™ ,' I:
- d 4: e 1c.7109]$
i\ AR 2 °° o A
9N B[] v
‘ Yarsz—1 [{ilo N o
7S 000000 W] 0000000 o g
= SE =
y :J‘_%—'j ﬁ‘s_é °
74Ls11 RSy 5 ﬂ_s_[— r—o
(| ROOOOOﬂ [ 003 344}
e Ot |
71—~ olof—S
o-—t
0 -
o—|| Lo
[
Ml pe

eanman— 2/

i

qUaigeesRuiveamiaduas fire (39u)

o0

0000000

Hoo00000

o o
0000000

2000000

0000000

0000000

00000000

H0000000

-}

0000000

2000000

°
0000000

0ooo0000

0000000

go000000

00000000

00000000

o o
a o
o o
[} o
[} o
[} o
[} o
[} o
[} o
o o
o (]

(-]
- o

(- Q0
[} o
o (]
o o
o o
[} o
(] [}
o o
(] o

0000000000000 0OOOOOON

00000000000000000000

000

(-]

(]

-X-X -}

(-X]

) M S a o
qlurasduntinvesglnssivuniiadume i




I ooooo L;;\ 3 | Y
LT ]Illillllllmlllllllldlr

i
silmesRiveamiadumestla @rmay-




s -

AN IAUUSIAU

R (resistor) 12w 1%

R1

R2

R3

R4

RS

R6

R7

RS

RO (T1meda)
R10

R11

R12

R13 (NTunesn)
R14

C (capacitor)

C1 (Muwe?)
C2 (Muwed)
C3 (1¥51N)
C4 (1¥313in)
CS (1r371in)
C6 (1%5150)
C7 (UNUNIAN)
C8 (NUMAY)
C9 (UINUMAY)

1 MQ
100 KQ
10 KQ
1 KQ
110 KQ
47 KQ

18 KQ
100 KQ
47 KQ
470 KQ
150 KQ

5

10 KQ

10

g
i

100

N
%

10

47
4.7
4.7

B R BB B B

¢
TwmMsgUnsal
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H

D (diode)
D1-D2
LED1

IC (rms to do)
IC1

MN MDY

IN4148

AD 636JH

R (resistor) 12w 1%

R1S
R16
R17
RIS
R19
R20
R21
R22
R23 (MTuNBTR)
R24
R25
R26

R27 (m3unein)

C (capacitor)
C10 (Muwe?)
C11 (Ruwes)
C12 (¥71%n)
C13 (1r113in)
C14 (1w31in)
C15 (1¥313in)
C16 (IMUNIAL)
C17 (tIMUMAL)
C18 (UNUNEAY)

1 MQ
100 KQ
10 KQ
1 KQ
110 Q
47 KQ

18 KQ
100 KQ
47 KQ
470 KQ
150 Q

5

4.7
4.7



D (diode)

D3 - D4 IN4148
LEDI
IC (rms to dc)
IC2 AD 636JH
saingamgil

R (resistor) 4w 1%

R28 12 KQ
R29 27.3KQ
R30 38 KQ

R31 (nuwedn) 5 KQ

R32 5.5 KQ
IC (temperature sensor)
IC3 LM 3911

d
nen1sadumo e (interface card)

R (resistor) 4w 1%
R1 i MQ
R2 300KQ
RIMIumesa) 1 KOQ

R4 4 KQ
C (vapacitor)

Cl(numay) 1 4F

C2 (i) 0.01 4F

C3 (i) 0.15 4F

c4 () 033 4F
MISCELLANEOUS

X-TAL 3.58MHz



s Tt

Ic

IC1-1C2

IC3 (A/D 12bit)
IC4-1CS

IC6

IC7-1C8

IC9 -IC10
IC11

7415138
ICL7109
7415244
74LS811
741832
74LS74
D4066C
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Source Code VadlsunsauaasaauemihnuaIod it

unit originall;
interface

uscs
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

Menus;

type
TForm1 = class(TForm)
MainMenul: TMainMenu;
filel: TMenultem;
zoom: TMenultem;
new: TMenultem;
open: TMenultem,;
save: TMenultem;
zoomv: TMenultem;
zoomi: TMenultem;
zoomt: TMenultem;
compare: TMenultem;
exit: TMenultem;
OpenDialog: TOpenDialog;
procedure newClick(Sender: TObject);
procedure exitClick(Sender: TObject);
procedure openClick(Sender: TObject);
procedure sctdefault(sender:Tobject);
fonction Inport(addport:word):word;
procedure Outport(addport:word);
private
{ Private declarations }
public
{ Public declarations }

procedure delay(msec:Longlnt);
end;
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var
Form1I: TForml1;
filelength:integer;
i,j,5tepx,t1,t2,13,t4,t5:integer;
openfile:tstringlist;

implementation

uses criginal3, originald, originals, original6;

{SR *.DFM}

procedure Tform1.setdefault(sender:Tobject);
begin
sec:=0;
min:=0;
hri=0;
canvas.pen.color:=clteal;
d:=1;
c:=0;
temp:=0;
templ:=6;
volt:=0;
voltl:=4;
t1:=1;12:=2;3:=3;t4:=4;t5:=5;
form3.next. cnabicd:=fa.lsc;
form3.back enabled:=false;
end;

procedure TForm1.newClick(Sender: TObject);
begin

a:=0; //hide compare

b:=0;

c:=0;

d:=1; //error close form3

x:=30; /lilduemansidy

stepx:=10;
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first:=0;

finish:=0;
tl:=1;12:=2;13:=3;t4:=4;15:=5;
form3.save.cnabled:=false;
form3.zoom.cnabled:=false;
form3,start.enabled:=truc;
form3.stop.cnabled:=false;
form3.compare.cnabled:=false;

form3.caption=T1lsunnmeniga s maauvsanTsa 1 v,

form3.show;
form3.label19.caption:="W1ii';
form3.label2.caption:=inttostr(t1);
form3.1abel3.caption:=inttostr(t2);
form3.1abel4.caption:=inttostr(t3);
form3.1abelS.caption:=inttostr(t4);
form3.label6.caption:=inttostr(t5);
form3.labe120.caption:=W1T';
form3.1abel8.caption:=inttostr(t1);
form3.label9.caption:=inttostr(t2);
form3.1abel10.caption:=inttostr(t3);
form3.1abell 1.caption:=inttostr(t4);
form3.label12.caption:=inttostr(t5);
form3.labe121.caption:=u11T";
form3.label14.caption:=inttostr(t1);
form3.1abel15.caption:=inttostr(t2);
form3.1abel16.caption:=inttostr(t3);
form3.1abel17.caption:=inttostr(t4);
form3.label] 8.caption:=inttostr(ts);
formd. label2.caption:=inttostr(t1);
formd.label3.caption:=inttostr(2);
formd.label4.caption:=inttostr(t3);
formd. labelS.caption:=inttostr(t4);
formd.1abel6.caption:=inttostr(t5);
formd.label7.caption:="W1Hi’;
formS.label2.caption:=inttostr(t1);
formS5.label3.caption:=inttostr(t2);
formS5.1abel4. caption:=inttostr(t3);
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formS5.lsbel5.caption:=inttostr(t4);
formS5. label6.caption:=inttostr(ts);
formS. label7.caption: =417
form$.label2.caption:=inttostr(t1);
formé.label3.caption:=inttostr(t2);
form6. labeld.caption:=inttostr(t3);
formé.labelS.caption:=inttostr(t4);
formé.1abel6. caption:=inttostr(t5);
formé. Iabel7.caption: =M’
stepx:=2,
end;

procedure TForm!.exitClick(Sender: TObject);
begin
form1.close;

end;

procedure TForml.openClick(Sender: TObject);
begin

a:=0; //hide compare
d:=1; /ferror close form3
c:=0;
t1:=1;12:=2;13:=3;t4:=4;15:=5;
if opendialog.execute then
begin
sfilename:=opendialog.filename;
form3.caption:="Tulsunsauaasrarzaniuveaniod 1 v ssiename;
openfile:=tstringlist.create;
openfile.loadfromfile(sfilename);
i:=1;
=0
b:=1;
end;
if (sfilename > '07) then
begin
filelength:=openfile.count;
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repeat
index:=i;
keepv{il:=strtoint(openfile[j]);
inc(j);
keepi[i]:=strtoint(openfile(j]);
incG);
keept{il:=strtoint(openfile{jD;
inc(j);
inc(i);
until j>= filelength-1 ;
if index <= 300 then
begin
finish:=index;
first:=0;
end

else
begin

finish:=300;
first:=0;

end;
if index >= 300 then form3.next.enabled:=true;

form3.label19.caption:="u1f';
form3.1abel2.caption:=inttostr(t1);
form3.label3.caption:=inttostr(t2);
form3.1abel4. caption:=inttostr(t3);
form3.labelS.caption:=inttostr(t4);
form3.1abel6.caption:=inttostr(t5);
form3.1abel20.caption:=u7';
form3.label8.caption:=inttostr(t1);
form3.label9.caption:=inttostr(12);
form3.1abel10.caption:=inttostr(t3);
form3.label11.caption:=inttostr(t4);
form3.1abel12.caption:=inttostr(tS);
form3.label21.caption: =111,
form3.1abel14.caption:=inttostr(t1);
forms3.label15.caption:=inttostr(t2);
form3.1abel16.caption:=inttostr(t3);
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form3.1abel17.caption:=inttostr(t4);
form3.label13.caption:=inttostr(t5);
formd4.1abel2.caption:=inttostr(t1);
form4.label3.caption:=inttostr(t2);
formd. labe4.caption:=inttostr(t3);
formd. 1abel5. caption:=inttostr(t4);
form4. label6.caption:=inttostr(t5);
formd4.label7.caption:='u 'lﬁ';
formS5.label2.caption:=inttostr(t1);
formS5.1abel3.caption:=inttostr(t2);
form5. label4. caption:=inttostr(t3);
formS5.labelS.caption:=inttostr(t4);
forms.label6. caption:=inttostr(tS);
formS5.label7.caption:="u1i;
formé.tabel2.caption:=inttostr(t1);
form6.1abel3.caption:=inttostr(12);
form6.label4.caption:=inttostr(t3);
form®6.label5. caption:=inttostr(t4);
formé6.1abel6.caption:=inttostr(t5);
forms.label7.caption:=4 11
stepx:=2,
form3.show;
form3.start.enabled:=false;
form3.zoom.enabled:=true;
form3.compare.enabled:=truc;
form3.save.enabled:=false;
end;
end;

procedure tform].delay(msec:longint);
var sttTime : longint;
begin
sttTime := Gettickcount;
repeat
application.processmessages;
//form3.1abel40.caption:=timetostr(now);



until Gettickcount > sttTime + msec;

end;

function Tform1.Inport(addport:word):word;
var p:-word;
begin
asm
mov dx,addport
in ax,dx
mov p,ax
end;
Resutt:= p;
end;

procedure Tform1.Outport(addport:word);
begin
asm

mov dx,addport

out dx,ax
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unit original3;

interface

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, Menus;

TForm3 = class(TForm)
MainMenul: TMainMenu;
filel: TMenultem;
new: TMenultem;
open: TMenultem;
save: TMenultem;
compare: TMenulterm;
exit: TMenultem,
zoam: TMenultem;
zoomv: TMenultem;
zoomi: TMenultem;
zoomt: TMenultem;
start: TButton;
stop: TButton;
Labell: TLabel;
Labcl2: TLabel;
Label3: TLabel;
Label4: TLabel;
LabelS: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
Labelll: TLabel;
Labell2: TLabel;
Labell3: TLabel;
Label14: TLabel;
Labell5: TLabel;
Labell6: TLabel;
Labell7: TLabel;
Label18: TLabel;
Label19: TLabel;
Label20: TLabel;
Labei2]: TLabel;
Label22: TLabel;
Label23: TLabel;
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Label24: TLabel,
Label25: TLabel;
Label26: TLabel;
Label27: TLabel;
Labe128: TLabel;
Label29: TLabel;
Label30: TLabel;
Label31: TLabel;
Label32: TLabel;
Label33: TLabel;
Label34: TLabel;
Label3S: TLabel;
Label36: TLabel;
Label37: TLabel;
Label38: TLabel;
Label39: TLabel;
SaveDialog: TSaveDialog;
OpenDiglogl: TOpenDialog;
Label41: TLabel;
next: TButton;
back: TButton;
Label42: TLabel;
Label43: TLabel;
Label40: TLabel;

procedure formpaint(Sender: TObject);
procedure exitClick(Sender: TObject);
procedure startClick(Sender: TObject);
procedure stopClick(Sender: TObject);
procedure zoomvClick(Sender: TObject);
procedure zoomiClick(Sender: TObject);
procedure zoomtClick(Sender: TObject);
procedure saveClick(Sender: TObject);
procedure compareClick(Sender: TObject);
procedure nextClick(Sender: TObject);
procedure backClick(Sender: TObject);

private

{ Private declarations }

public

{ Public declarations }

Form3: TForm3;



datasave:tstringlist;

keepv :amay [1..50000] of integer;

keepi :array [1..50000] of integer;

keept :array [1..50000] of integer;

keepvl :array [1..50000] of integer;

keepil :array [1..50000] of integer;

keeptl :armay [1..50000] of integer;
a,b,c,ccheck, first,finish, first],finish1:integer;
d,e,x,y1,y2,y3,index,index1,sec,min, hr,temp, temp] :integer;
volt,voltl:integer,
sfilename,sfilename];tfilenamc;
atime:tdatetime;

times:longint;

data,datal,data2:dword;

implementation
uses originall, original4, original5, original6, original7;
{SR *.DFM}

procedure TForm3.FormPaint(Sender: TObject);
begin
//form3.1abel40.caption:=timetostr(now);
atime:=strtotime(inttostr(hr)+":+inttostr(min)+':+inttostr(sec));
form3.1abel41.caption:=timetostr(atime);
canvas.pen.color:=clblack;
canvas.brush.color := clblack;
canvas,.rectangle(700,5,10,168);
canvas.rectangle(700,185,10,348);
canvas.rectangle(700,365,10,528);
canvas.pen.color := clwhite;
canvas.moveto(30,10);
canvas.lineto(30,165);
canvas.moveto(30,165);
canvas.lineto(690,165);
canvas.moveto(30,190);
canvas.lineto(30,345);
canvas.moveto(30,345);
canvas.lineto(690,345);
canvas.moveto(30,370);
canvas.lineto(30,525);
canvas.moveto(30,525);
canvas.lineto(690,525);
canvas.moveto{150,165);
canvas,lineto(150,170);
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canvas.moveto(270,165);
canvas.lineto(270,170);
canvas.moveto(390,165);
canvas.lineto(390,170);
canvas.moveto(510,165);
canvas.lineto(510,170);
canvas.moveto(630,165);
canvas.lineto(630,170);
canvas.moveto(150,525);
canvas.lineto(150,530);
canvas.moveto(270,525);
canvas.lineto(270,530);
canvas.moveto(390,525);
canvas.lineto(390,530);
canvas.moveto(510,525);
canvas.lineto(510,530);
canvas.moveto(630,525);
canvas.lineto(630,530);
canvas.moveto(150,345);
canvas.lineto(150,350);
canvas.moveto(270,345);
canvas.lincto(270,350);
canvas.moveto(390,345);
canvas.lineto(390,350);
canvas.moveto(510,345);
canvas.lineto(510,350);
canvas.moveto(630,345);
canvas.lineto(630,350);
canvas.moveto(30,15);
anvas.lineto(25,15);
anvas.moveto(30,45);
anvas.lineto(25,45);
anvas.moveto(30,75);
anvas. lineto(25,75);
anvas.moveto(30,105);
anvas.lineto(25,105);
anvas.moveto(30,135);
anvas.lineto(25,135);
anvas.moveto(30,195);
anvas.lineto(25,195);
anvas.moveto(30,225);
anvas.lineto(25,225);
anvas.moveto(30,255);
anvas.lincto(25,255);
anvas.moveto(30,285);
anvas.lineto(25,285);
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anvas.moveto(30,315);
anvas.lineto(25,315);
anvas.moveto(30,375);
anvas.lineto(25,375);
canvas.moveto(30,405);
canvas.lineto(25,405);
canvas.moveto(30,435);
canvas.lineto(25,435);
canvas.moveto(30,465);
canvas.lineto(25,465);
canvas.moveto(30,495);
canvas.lineto(25,495);
canvas.brush.color := clblack;
if (b=1) then
begin
c:=first;
x:=30;
repeat
c:i=c+l;
canvas.pen.color := clyellow;
canvas.moveto(x,keepvic]);
x:=x+stepx;
canvas. lineto(x, keepvic+1]);
X:=X-SiepX;
canvas.pen.color := clyellow;
canvas.moveto(x,keepilc]);
X:=x+stepx;
canvas.lineto(x,keepifc+1]);
X:=X-8tepX;
canvas.pen.color := clyellow;
canvas.movto(x,keept{c]);
x:=x+stepx;
canvas.lineto(x,keept{c+1]);
{/form3.edit].text:='c ="+inttostr(c)
{form3.edit3.text:='finish ="+inttostr(finish);}
until c=finish-1 ;
b:=1;
canvas.pen.color:=clblack;

if (a=1) then //compare
begin

c:=firstl;

x:=30;

repeat
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end;

ci=ctl;
canvas.pen.color ;= clred;
canvas.moveto(x,keepvi{c]);
X:=x-+SIpX;
canvas.lineto(x,keepv1[c+1]);
X:=X-Stepx;
canvas.pen.color := clred;
canvas.moveto(x,keepil{c]);
x:=x18tepx;
canvas.lineto(x,keepil[c+1]);
X:=X-5tepX;
canvas.pen.color := clred;
canvas.moveto(x,keepti{c]);
x:=x-+stepx;
canvas.lineto(x,keept1[c+1]);
until c=finish1-1;
b:=1;
canvas.pen.color = clblack;
/form].visible:=truc;

end;

if (finish1-firstl >= 300) and (finish-first >= 300) then form3.next.cnabled:=true;

procedure TForm3.exitClick(Sender: TObject);

begin

form3.save.enabled:=false;
form3.zoom.enabled:=false;
form3.start.enabled:=true;
form3.stop.cnabled:=false;
form3.close;

a:=0;

b:=0;

c:=0;

x:=30;

form1.show;

procedure TForm3.startClick(Sender: TObject);

begin

form3.start.enabled:=false;
orm3.file1.enabled:=false;
ndex:=0;

if a=0then
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begin

b:=0;

d:=0;

x:=30;

y1:=165;

y2:=345;

y3:=525;

datasave:=tstringlist.create;

{/datasave.add(time);
end;
first:=index; //first point
repeat
ccheck:=index;
{/form3.edit].text:="index = “+inttostr(ccheck);
index:=index+1;
/Iyl:=y1, //adddata from port 300H 165+data/27.3)
form1.inport(768);
form1.Outport(768);
form1.delay(300);
data := form1.Inport(768);
//form3.edit3.text:=inttostr(data);
canvas.pen.color := clyellow;
canvas.moveto(x,y1);
keepvlindex]:=y1;
datasave.add(inttostr(y1)); //adddata to string
if (data > 2425) or (data < 48) then
begin

data:=0;

volt:=1;

voltl:=0;
end;
if volt = 1 then
begin

date:=0;

inc(voltl);
end;
if volt > 3 then volt:=0;
data2:=data;
data:=data*1000;
yl:= 165~(data div 16166);
form3.label43.caption:="Volt = "+inttostr(data div (1616*6)}+"!

+inttostr(((data mod (1616*6))*10) div (1616*6));

//form3.edit3.text:=inttostr(y1);
/form1.delay (33);
X:=x-+stepx;
canvas.lineto(x,y1);
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X:=X-8tepX;
I2:=y2; {fadddata from port 302H 345-(data/27.3)
form 1.inport(770);
form1.outport(770);
form1.delay(300);
data := form1.Inport(770);
canvas.pen.color := clyellow;
canvas.moveto(x,y2);
keepi[index]):=y2;
datasave.add(inttostr(y2)); //adddata to string
if data < 20 then data:=0;
data:=data*100;
form3.1abel40.caption:='Amp = “+inttostr(data div (273*15))
+'.+inttostr(((data mod (273*15))*10) div (273*15))
+inttostr(((data mod (273*15))*100) div (273*15));
y2:=345-(data div 273);
/fform].delay (33);
x:=x-+stepx;
canvas.lincto(x,y2);
X:=X-StepX;
Ily3:=y3; /fadddata from port 304H  525-(data/27.3)
form1.inport(772);
form1.Outport(772);
form1.delay(300);
data ;= form1.Inport(772);
{/form].delay (34);
canvas.pen.cofor := clyellow;
canvas.moveto(x,y3);
keeptfindex):=y3;
datasave.add(inttostr(y3)); //adddata to string
if (data -datal)>48 then
begin
temp:=1;
if data > 485 then
begin
data:=0;
tomp:=1;
temp1:=0;
end;
end;
datal:=data;
iftemp =1 then
begin
data:=0;
inc(templ);
cnd;
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if templ > 5 then temp:=0;
data:=data*100;
form3.1abel42.caption:='Temp = “+inttostr(data div (323*3))+".'
+inttostr(((data mod (323*3))*10) div (323*3))
+inttostr(((data mod (323*3))*100) div (323*3));

y3:=525~(data div 323);
Xi=x+stepx;
canvas.lineto(x,y3);
inc(sec);
if sec = 60 then
begin

inc(min);

scc:=0;
end;
if min=60 then
begin

inc(hr);

min:=0;
end;
atime:=strtotime(inttostr(hr)+"+inttostr{min)+':"+Hnttostr(sec));
form3.label41,caption:=timetostr(atime);
if index=3 then form3.stop.cnabled:=true ;
if x>=630 then
begin
{yli=y1-5;
y2:=y2-5;
y3:=y3-5;}
x:=30;
first=index;
canvas.pen.color=clblack;
canvas.brush.color := clblack;
canvas.rectangle(635,15,31,165);
canvas.rectangle(635,195,31,345);
canvas.rectangle(635,375,31,525),;
canvas.pen.color := clwhite;
canvas.moveto(30,10);
canvas.lineto(30, 165);
canvas.moveto(30,165);
canvas.lineto(690,165);
canvas.moveto{30,190);
canvas.lineto(30,345);
canvas.moveto(30,345);
canvas.lineto(690,345);
canvas.moveto(30,370);
canvas.lineto(30,525);
canvas.moveto(30,525);
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canvas.lineto(690,525);
canvas.moveto(150,165);
canvas.lineto(150,170);
canvas.moveto(270,165);
canvas.lineto(270,170);
canvas.moveto(390,165);
canvas.lineto(390,170);
canvas.moveto(510,165);
canvas.lineto(510,170);
canvas.moveto(630,165);
canvas.lineto(630,170);
canvas.moveto(150,525);
canvas.lincto(150,530);
canvas.moveto(270,525);
canvas.lineto(270,530);
canvas.moveto(390,525);
camvas.lineto(390,530);
canvas .moveto(510,525);
canvas.lineto(510,530);
canvas.moveto(630,525);
canvas.lineto(630,530);
canvas.moveto(150,345);
canvas.lineto(150,350);
canvas.moveto(270,345);
canvas.lincto(270,350);
canvas.moveto(390,345);
canvas.lineto(390,350);
canvas.moveto(510,345);
canvas .lineto(510,350);
canvas.moveto(630,345);
canvas.lineto(630,350);
canvas.moveto(30,15);
canvas.lineto(25,15);
canvas.moveto(30,45);
canvas.lineto(25,45);
canvas.moveto(30,75);
canvas.lineto(25,75);
canvas.moveto(30,105);
canvas.lineto(25,105);
canvas.moveto(30,135);
canvas.lineto(25,135);
canvas.moveto(30,195);
canvas.lineto(25,195);
canvas.moveto(30,225);
canvas.lineto(25,225);
canvas.moveto(30,255);



canvas.lineto(25,255);

canvas .moveto(30,285);
canvas.lineto(25,285);
canvas.moveto(30,315);
cauvas.lineto(25,315);
canvas.moveto(30,375);
canvas.lineto(25,375);
canvas.moveto(30,405);
canvas.lineto(25,405);
canvas.moveto(30,435);
canvas.lineto(25,435);
canvas.moveto(30,465);
canvas.lineto(25,465);
canvas.moveto(30,495);
canvas.lineto(25,495);
canvas.brush.color := clblack;
tl:=t1+5;

2:=2+5;

3:=t345;

4:=t4+5;

5:=t5+5;
orm3.label19.caption:="1H;
form3.1abel2.caption:=inttostr(t1);
form3.label3.caption:=inttostr(12);
form3.1abeld. caption:=inttostr(t3);
form3.1abel5. caption:=inttostr(t4);
form3.label6.caption:=inttostr(t5);
form3.label20.caption:="H 1
form3.1abel8.caption:=inttostr(t1);
form3.1abel9.caption:=inttostr(t2);
form3.1abel10.caption:=inttostr(t3);
form3.label1 1.caption:=inttostr(t4);
form3.1abel]2.caption:=inttostr(15);
form3.label21.caption:="U1W1';
form3.1abel14. caption:=inttostr(t1),
form3.1abe!15.caption:=inttostr(t2);
form3.label16.caption:=inttoste(t3);
form3.1abel17.caption:=inttostr(t4);
form3.1abel18.caption:=inttostr(tS);
form4.label2.caption:=inttostr(t1);
form4.1abel3.caption:=inttostr(12);
form4.1abel4.caption:=inttostr(t3);
form4.1abelS.caption:=inttostr(t4);
formd.1abel6.caption:=inttostr(tS);
formd.label7.caption:="H11}
form5.label2.caption:=inttostr(t1);
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form5.1abel3.caption:=inttostr(t2);
formS5.label4.caption:=inttostr(t3);
formS.labelS.caption:=inftostr(t4);
formS5.1abel6. caption:=inttostr(tS);
forms. label7. caption:="u1#";
form6.1abel2. caption:=inttostr(t1);
form6.1abel3.caption:=inttostr(t2);
form6.1abel4.caption:=inttostr(t3);
form6.labelS.caption:=inttostr(t4);
form6.1abel6.caption:=inttostr(t5);
formé.label7.caption:=u1A;

end;

until (b=1) or (d=1) ;
canvas.pen.color := clblack;

end;

procedure TForm3.stopClick(Sender: TObject);
begin

form3.stop.cnabled:=false;
b:=1;
form3.save.cnabled:=true;
form3.zoom.enabled:=true;
form3.filel.enabled:=true;
form3.compare.cnabled:=true;

if ccheck > 300 then form3.back.enabled:=truc;

finish:=index;
//form3.cdit2.text:="finish = “+inttostr(finish);
end;

procedure TForm3.zoomvClick(Sender: TObject);
begin

form4.show;
end;

procedure TForm3.zoomiClick(Scnder: TObject);

begin
formS.show;

end;

procedure TForm3.zoomtClick(Sender: TObject);

begin
form6.show;

end;

procedure TForm3.saveClick(Sender: TObject);
begin



if savedialog.cxccute then
begin
sfilename:=savedialog.filename;
datasave.savetofile(sfilename);
end;
form3. caption:=Trlsunssuaanangmaiuveunis 14w sfilename;
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end;

procedure TForm3.compareClick(Sender: TObject);

begin

canvas.pen.color;=clblack;
canvas.brush.color := ciblack;
canvas.rectangle(635,15,31,165);
canvas.rectangle(635,195,31,345);
canvas.rectangle(635,375,31,525);
x:=30;
c:=0;
first=c;
t1:=1;12:=2:13:=3;t4:=4;15:=5;
forms3.1abel19.caption:="H1#Y
form3.1abel2. caption:=inttostr(t1);
form3.1abel3.caption:=inttostr(12);
form3.label4.caption:=inttostr(t3);
form3.1abelS.caption:=inttostr(t4);
form3.label6.caption:=inttostr(t5);
form3.label20.caption:="11";
form3.label8.caption:=inttostr(t1);
form3.1abel9.caption:=inttostr(t2);
form3.label10.caption:=inttostr(t3);
form3.labell 1.caption:=inttostr(t4);
formn3.label12.caption:=inttostr(ts);
form3.label21.caption:="u1h’;
form3.1abel14.caption:=inttostr(t1);
form3.labell5.caption:=inttostr(t2);
form3.label16.caption:=inttostr(t3);
form3.1abel17.caption:=inttostr(t4);
form3.1abel18.caption:=inttostr(ts);
formd4.1abel2.caption:=inttostr(t1);
form4.1abel3.caption:=inttostr(12);
form4.1abel4.caption:=inttostr(t3);
formd4.labelS. caption:=inttostr(t4);
formd4.1abel6.caption:=inttostr(t5);
formA.1abel7.caption:=u1i";
formS5.1abel2.caption:=inttostr(t1);
formS5.1abel3.caption:=inttostr(t2);
formS5.label4. caption:=inttostr(t3);



formS5.labelS.caption:=inttostr(t4);
forms5.1abel6.caption:=inttostr(t5);
forms.label7.caption:="1#';
form6.1abel2, caption:=inttostr(t1);
form6.1abel3.caption:=inttostr(t2);
formé.1abel4.caption:=inttostr(t3);
formé.1abelS.caption:=inttostr(t4);
form6.1abel6.caption:=inttostr(t5);
formé.label7.caption:="1i1';
repeat
c:=ctl;
canvas.pen.color := clycllow;
canvas.moveto(x,keepvic]);
x:=x-+stepx;
canvas.lineto(x,keepv{c+1]);
X:=Xx-stepXx;
canvas.pen.color := clyellow;
canvas.moveto(x,keepilcl);
x:=x+8tepx;
canvas.lineto(x,keepifc+1]);
X:=X-8tepXx;
canvas.pen.color := clyellow;
canvas.moveto(x,keept{c]);
x:=x+stepx;
canvas.lineto(x, keept{c+1]);
form3.next.enabled:=true;
[/form3.editl.text:='c = “+inttostr(c);
until (x>=630) or (c>= index-1);
finish:=c;
if c<=300 then form3.back.cnabled:=false;
if c>=index-1 then form3.next.enabled:=falsc;
{/form3.edit3.text:='first = "+inttostr(first);
{fform3.edit4.text:="finish = "+inttostr(finish);
form3.back.enabled:=false;
{/fform3.next.cnabled:~true;
form3.save.cnabled:=false;
if opendialogl.cxccute then
begin

sfilename1:=opendialogl.filename;

form3.caption:=Tilsunsunmasramznmsinuvsanisa 1919 1+sfilename-+sfilenamel;

openfile:=tstringlist.create;
openfile.loadfromfile(sfilensmel);
i=1;

=0

end;
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if (sfilenamel > '0) then

begin

a=1;
filelength:=openfile.count;
repeat

index1:=i;
keepvl[i]:=strtoint(openfile[f]);
inc(3);
keepil[i):=strtoint(openfile(jl);
inc(j);
keeptl[i):=strtoint(openfilefj]);
inc();

nc(i);

until j >= filelength-1 ;
if index1 <= 300 then
begin
finishl:=index1;
first1:=0;
end
clse
begin
finish1:=300;
first1:=0;
end;
if (finish1-firsti >= 300) and (finish-first >= 300) then form3.next.cnabled:=truc;
if (finish1-firstl >= 300) and (finish-first < 300) then form3.next.enabled:=false;
if (finish-first >= 300) and (finish1-first] < 300) then form3.next.enabled:=false;
if finish1 =0 then
if index >= 300 then form3.next.enabled:=true;
c:=firstl;
x:=30;
repeat
ci=c+l;
canvas.pen.color := clred;
canvas.moveto(x,keepvi[c]);
x:=x+stepx;
canvas.lineto(x,keepvi[c+1]);
X:=X-8tepX;
canvas.pen.color := clred;
canvas.moveto(x,keepil[c]);
x:=x+stepx;
canvas, lineto(x,keepil[c+1]);
X:=X-8tepx;
canvas.pen.color = clred;
canvas.moveto(x,keept1(c]);
X:=x+stepx;



canvas.lineto(x, keeptlc+1]);
until c=finish1-1;
canvas.pen.color=clblack;
form3.compare.ensbled:=false;
// form3.edit5.text:="first1 = '+inttostr(first1);
// form3.edit6.text:="finish1 = “+inttostr(finish1);
{/form3.edit1.text:="index1 = “+inttostr(index1);
end
else
begin
form3.enabled:=false;
form7.show;
end;
end;

procedure TForm3.nextClick(Sender: TObject);

begin
x:=30;
canvas.pen.color:=clblack;
canvas.brush.color := clblack;
canvas.rectangle(635,15,31,165);
canvas.rectangle(635,195,31,345);
canvas.rectangle(635,375,31,525);
canvas.pen.color ;= clwhite;
canvas.moveto(30,10);
canvas. lineto(30,165);
canvas.moveto(30,165);
camnvas.lineto(690,165);
canvas.moveto(30,190);
canvas.lineto(30,345);
canvas.moveto(30,345);
canvas.lineto(690,345),
canvas.moveto{30,370);
canvas.lineto(30,525);
canvas.moveto(30,525);
canvas.lineto(690,525);
canvas.moveto(150,165);
canvas.lineto(150,170);
canvas.moveto(270,165);
canvas.lineto(270,170);
canvas.moveto(390,165);
canvas.lineto(390,170);
canvas.moveto(510,165);
canvas.lineto(510,170);
canvas .moveto(630,165);
canvas.lineto(630,170);



canvas.moveto(150,525);
canvas .lineto(150,530);
canvas.moveto(270,525);
canvas.lineto(270,530);
canvas.moveto(390,525);
canvas.lineto(390,530);
canvas.moveto(510,525);
canvas.lineto(510,530);
canvas.moveto(630,525);
canvas.lineto(630,530);
canvas.moveto(150,345);
canvas.lineto(150,350);
canvas.moveto(270,345);
canvas.lineto(270,350);
canvas.moveto(390,345);
canvas.lineto(390,350);
canvas.moveto(510,345);
canvas.lineto(510,350);
canvas.moveto(630,345);
canvas.lineto(630,350);
canvas.moveto(30,15);
canvas.lineto(25,15);
canvas.moveto(30,45);
canvas.lineto(25,45);
canvas.moveto(30,75);
canvas.lineto(25,75);
canvas.moveto(30,105);
canvas.lincto(25,105);
canvas .moveto(30,135);
canvas.lineto(25,135);
canvas.moveto(30,195);
canvas.lineto(25,195);
canvas.moveto(30,225);
canvas.lineto(25,225);
canvas.moveto(30,255);
canvas.lineto(25,255);
canvas.moveto(30,285);
canvas .lineto(25,285);
canvas.moveto(30,315);
canvas.lineto(25,315);
canvas.moveto(30,375);
canvas.lineto(25,375);
canvas.moveto(30,405);
canvas.lineto(25,405);
canvas.moveto(30,435);
canvas.lineto(25,435);



canvas.moveto(30,465);
canvas.lineto(25,465);
canvas.moveto(30,495);
canvas.lineto(25,495);

canvas .brush.color := clblack;
tl:=t1+5;

2:=12+5;

13:=t3+5;

t4:=t4+5;

t5:=t5+5;
form3.label19.caption:=11
form3.label2.caption:=inttostr(t1);
form3.label3.caption:=inttostr(t2);
form3.labeld.caption:=inttostr(13);
form3.1abel5. caption:=inttostr(t4);
form3. label6.caption:=inttostr(t5);
form3.label20.caption:=11";
form3.label8.caption;=inttostr(t1);
form3.1abel9.caption:=inttostr(12);
form3.1abel10.caption:=inttostr(t3);
form3.labell 1.caption:=inttostr(t4);
form3.1abel12.caption:=inttostr(t5);
form3.label21.caption: =111
form3.1abel14.caption:=inttostr(t1);
form3.1abel15.caption:=inttostr(t2);
form3.1abel16.caption:=inttostr(t3);
form3.1abel17.caption;=inttostr(t4);
form3.label18.caption:=inttostr(t5);
formd.label2. caption:=inttostr(t1);
form4.label3.caption:=inttostr(t2);
form4.1abel4.caption:=inttostr(t3);
formd.label5.caption:=inttostr(t4);
formd.label6.caption:=inttostr(t5);
formd, label7.caption:="u11";
formsS.label2. caption:=inttostr(t1);
formS5.label3.caption:=inttostr(12);
formS5.1abel4. caption:=inttostr(t3);
formS.labelS.caption:=inttostr(t4);
formS.label6.caption:=inttostr(t5);
fonnS.labcl7.capﬁon:="mﬁ';
formé.1abel2. caption:=inttostr(t1);
formé6.label3.caption:=inttostr(t2);
formé.labeld.caption:=inttostr(t3);
formé.label5.caption:=inttostr(t4);
formé.1abel6.caption:=inttostr(tS5);
formé.label7.caption: =" 141
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ifb=1 then

begin

c:=finish;

first:=c;

repeat

c:=¢c+1;

canvas.pen.color := clyellow;
canvas.moveto(x,keepvic]);

x:=x-+stepx;

canvas,lineto(x,keepv[c+1]);

X:=X-S{CPX;

canvas.pen.color := clyellow;
canvas.moveto(x,keepi[c]);

x:=Xx+8tepx;

canvas.lincto(x,keepifc+1]);

X:=X-8tepX;

canvas.pen.color := clyellow;
canvas.moveto(x,keeptic]);

x:=x+8tepx,

canvas.lineto(x, keeptic+11);
form3.back.enabled:=true;

//  form3.editl.text:='c = “+inttostr(c);
until (x>=630) or (c>= index-1);
finish:=c;

//ccomp:=finish-first;
//form3.edit3.text:="first = “+inttostr(first);
/fform3.edit4.text:='finish = '+inttostr(finish);
if c>=index-1 then form3.next.enabled:=false;

end;

if a=1 then

begin
¢:=finish1;
firstl:=c;
x:=30;
repeat
c:=c+l;

canvas.pen.color := clred;
canvas.moveto(x,keepvi[c]);
X:=x+stepx;
canvas.lineto(x,keepvi[c+1]);
X:=X-5tepx;

canvas.pen.color := clred;
canvas.moveto{x,keepil{c]);
x:=x+stepx;
canvas.lineto(x,keepil[c+1]);
X:=X-stepx;
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end;

canvas.pen.color := clred;

canvas.moveto(x,keepti[c]);

x:=x-+stepx;

canvas.lineto(x,keeptl{c+1]);

form3.back.enabled:=true;

/1 form3.edit].text="c = “+inttostr(c);

until (x>=630) or (c>= index1-1);

finishl:=c;

/lccomp]:=finish1-first1;

//form3.editS.text:="first] = “+inttostr(first1);

//form3.edit6.text:="finish1 = “+inttostr(finish1);

if c>=index1-1 then form3.next.cnabled:=false;

if (finish1-firstl >= 300) and (finish-first >= 300) then form3.next.enabled:=true;
end;

procedure TForm3.backClick(Sender: TObject);

begin

x:=30;
canvas.pen.color:=clblack;
canvas.brush.color := clblack;
canvas.rectangle(635,15,31,165);
canvas.rectangle(635,195,31,345);
canvas.rectangle(635,375,31,525);
canvas.pen.color := clwhite;
canvas.moveto(30,10);
canvas.lineto(30,165);
canvas.moveto(30,165);
canvas.lineto(690,165);
canvas.moveto(30,190);
canvas.lineto(30,345);
canvas.moveto(30,345);
canvas.lineto(690,345);
cenvas.moveto(30,370);
canvas.lineto(30,525);
canvas.moveto(30,525);
canvas.lineto(690,525);
canvas.moveto(150,165);
canvas.lineto(150,170);
canvas.moveto(270,165);
canvas,lineto(270,170);
canvas.moveto(390,165);
canvas.lineto(390,170);
canvas.moveto(510,165);
canvas.lineto(510,170);
canvas.moveto(630,165);
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canvas.lineto(630,170);
canvas.moveto(150,525);
canvas.lineto(150,530);
canvas.moveto(270,525);
canvas.lineto(270,530);
canvas.moveto(390,525);
canvas.lineto(390,530);
canvas.moveto(510,525);
canvas.lineto(510,530);
canvas.moveto(630,525);
canvas.lineto(630,530);
canvas.moveto(150,345);
canvas.lineto(150,350);
canvas.moveto(270,345);
canvas.lineto(270,350);
canvas.moveto(390,345);
canvas.lineto(390,350);
canvas.moveto(510,345);
canvas.lineto(510,350);
canvas.moveto(630,345);
canvas.lineto(630,350);
canvas.moveto(30,15);
canvas.lineto(25,15);
canvas.moveto(30,45);
canvas.lincto(25,45);
canvas.moveto(30,75);
canvas.lineto(25,75);
canvas.moveto(30,105);
canvas.lineto(25,105);
canvas.moveto(30,135);
canvas.lineto(25,135);
canvas.moveto(30,195);
canvas.lineto(25,195);
canvas.moveto(30,225);
canvas.lineto(25,225);
canvas.moveto(30,255);
canvas.lineto(25,255);
canvas.moveto(30,285);
canvas.lineto(25,285);
canvas.moveto(30,315);
canvas.lineto(25,315);
canvas.moveto(30,375);
canvas.lincto(25,375);
canvas.moveto(30,405);
canvas, lineto(25,405);
canvas.moveto(30,435);



canvas.lineto(25,435);

canvas .moveto(30,465);
canvas.lineto(25,465);
anvas.moveto(30,495);
anvas.lineto(25,495);
anvas.brush.color := clblack;
1:=t1-5;

2:=12-5;

3:=3-5;

4:=t4-5;

§:=t5-5;
form3.1abel19.caption:=u11
form3.1abel2.caption:=inttostr(t1);
form3.1abel3.caption:=inttostr(t2);
form3.1abel4.caption:=inttostr(t3);
form3.1abelS.caption:=inttostr(t4);
form3.1abel6.caption:=inttostr(t5);
form3.1abe120.caption:="u 1Y
form3.1abel8.caption:=inttostr(t1);
form3.label9.caption:=inttostr(12);
form3.1abe110.caption:=inttostr(t3);
form3.1abel11.caption:=inttostr(t4);
form3.label12.caption:=inttostr(tS);
form3.label21.caption: ='W
form3.1abel14.caption:=inttostr(t1);
form3.1abel15.caption:=inttostr(t2);
form3.1abel 16.caption:=inttostr(t3);
form3.1abel17.caption:=inttostr(t4);
form3.1abel18.caption:=inttostr(t5);
form4.1abel2.caption:=inttostr(t1);
formd.label3.caption:=inttostr(12);
formd.label4.caption:=inttostr(t3); .
formd.labelS.caption:=inttostr(t4);
formd4.1abel6.caption:=inttostr(t5);
formd.label7.caption:="M11'
formS5.label2. caption:=inttostr(t1);
formS5.label3.caption:=inttostr(t2);
formS5.1abel4.caption:=inttostr(t3);
formS5.labe!5.caption:=inttostr(t4);
formS5.label6.caption:=inttostr(tS);
forms.label7.caption:=u11";
formé.label?2.caption:=inttostr(t1);
form6.1abel3.caption:=inttostr(t2);
formé6.label4.caption:=inttostr(t3);
formé.1abelS.caption:=inttostr(t4);
formé6.1abel6.caption:=inttostr(tS);



form6.labcl7.capﬁon:='mﬁ‘;
ifb=1 then

begin

c:=c+l;

canvas.pen.color := clyellow;
canvas.moveto(x,keepvic]);

x:=xtstepx;

canvas.lineto(x,kecpvic+1]);

X:=x-stepx;

canvas.pen.color := clyellow;
canvas.moveto(x,keepilc]);

x:=x+stepx;

canvas.lineto(x,keepi[c+11]);

X:=X-8lepX;

canvas.pen.color := clyellow;
canvas.moveto(x,keeptic]);

X:=X+8tepx;

canvas.lineto(x,keept{c+1]);
form3.next.cnabled:=true;

{/fccomp:=60;

//form3.editl.text:="c = “+inttostr(c);

until (x>=630) or (¢>= index-1);
finish:=c;

if c<=300 then form3.back.cnabled:=false;
if c>=index-1 then form3.next.enabled:=false;
//form3.edit3.text:='first = “+inttostr(first);
//form3.edit4.text:='finish = “+inttostr{finish);

end;

if a=1 then

begin
x:=30;
c:=first1-300;
firstl:=c;
repest
ci=c+l;

canvas.pen.color := clred;
canvas.moveto(x.keepvi[c]);
X:=Xx+8lepX;
canvas.lineto(x,keepvi[c+1]);
X:=X-Stepx;

canvas.pen.color := clred;
canvas.moveto(x,keepil[c]);
x:=x+stepx;
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canvas.lineto(x,keepil[c+1]);
X:=X-stepx;
canvas.pen.color := clred;
canvas.moveto(x,keeptl[c]);
x:=x-+stepx;
canvas.lineto(x, keept1{c+1]);
form3.next.enabled:=truc;
/fecompl:=60;
{/form3.edit].text:='c = "+inttostr(c);
until (x>=630) or (c>= index1-1);
finishl:=c;
/fform3.edit5.text:="firstl = “+inttostr(first1);
//form3.editb.text:="finish1 = “+inttostr(finish1);
if c<=300 then form3.back.enabled:=false;
if c>=index1-1 then form3.next.enabled:=false;
end;



unit original4;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, original3,originall;

type

TForm4 = class(TForm)
closezoomv: TBuiton;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel,
LabelS: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Labell0: TLabel;
Labelll: TLabel;
Labell2: TLabel;
Label13: TLabel;
Labell4: TLabel;
Labell5: TLabel;
Label16: TLabel;
Labell7: TLabel;
Label18: TLabel;
procedure closezoomvClick(Sender: TObject);
procedure zoomvpaint{Sender: TObject);

private
{ Private declarations }

public
{ Public declarations }
end;

var
Form4: TForm4,

implementation
{SR *.DFM}

procedure TForm4.zoomvpaint(Sender: TObject);
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canvas.brush.color := cIblack;
canvas.rectangle(700,50,8,560);
//canvas.rectangle(700,185,20,355);
Jcanvas.rectangle(700,365,20,535);
canvas.pen.color := ciwhite;
canvas.moveto(30,75);
canvas.linto(30,540);
canvas.moveto(30,540);
canvas.lineto(690,540);
canvas.moveto{150,540);
canvas.lineto(150,545);
canvas.moveto{270,540);
canvas. lineto(270,545);
canvas.moveto(390,540);
canvas.lineto(390,545);
canvas.moveto(510,540);
canvas.lineto(510,545);
canvas.moveto(630,540);
canvas.lineto{(630,545);
canvas,.moveto(30,495);
canvas.lineto(25,495);
canvas.moveto(30,450);
canvas.lineto(25,450);
canvas.moveto(30,405);
canvas.lineto(25,405);
canvas.moveto(30,360);
canvas.lineto(25,360);
canvas.moveto(30,315);
canvas.lineto(25,315);
canvas.moveto(30,270);
canvas.lineto(25,270);
canvas.moveto(30,225);
canvas.lineto(25,225);
canvas.moveto(30,180);
canvas.lineto(25,180);
canvas.moveto(30,135);
canvas.lineto(25,135);
canvas.moveto(30,90);
canvas.lineto(25,90);
if (b=1) then
begin

c:=first;

x:=30;

repeat

ci=ct+l;



ez g

e TEEe T

canvas.pen.color := clyellow;
canvas.moveto(x,((keepv[c]-165)*3)+540);
X:=x+stepx;
canvas.lineto(x,((keepvic+1]-165)*3)+540);
until c=finish-1;
canvas.pen.color:=clblack;
if (a=1)then
begin
c:=firstl;
x:=30;
repeat
c:=ct+l,;
canvas.pen.color := clred,
canvas.moveto(x,((keepvl[c]-165)*3+540);
x:=x-+stepx;
canvas. lineto(x, ((keepv1[c+1}-165)*3)+540);
until c=finishl-1 ;
b=1;
canvas.pen.color := clblack;

end;

procedure TFonm4.closezoomvClick(Sender: TObject);
begin
formd4.close;

end;

end.
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unit originals;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, original3,originall;

type
TFormS = class(TForm)
closezoomi: TButton;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
LabelS: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Lébell0: TLebel;
Labell1: TLabel;
Label12: TLabel;
Label13: TLabel;
Label14: TLabel;
LabellS: TLabel;
Label16: TLabel;
Labell7: TLabel;
Label18: TLabel;
procedure zoomipaint(Sender: TObject);
procedure closezoomiClick(Sender: TObject);

private
{ Private declarations }
public
{ Public declarations }
end;

var
FormS: TForm5;

implementation
{SR *.DFM}

procedure TFormS.zoomipaint(Sender: TObject);
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begin

canvas.brush.color := clblack;
canvas.rectangle(700,50,8,560);
//canvas.rectangle(700,185,20,355);
//canvas.rectangle(700,365,20,535);
canvas.pen.color := clwhite;
canvas.moveto(30,75);
canves.lineto(30,540);
canvas.moveto(30,540);
canvas.lineto(690,540);
cafivas.moveto(150,537);
canvas.lineto(150,543);
canvas.moveto(270,537);
canvas.lineto(270,543);
canvas.moveto(390,537);
canvas.lineto(390,543);
canvas.moveto(510,537);
canvas.lineto(510,543);
canvas.moveto(630,537);
canvas.lineto(630,543);
canvas.moveto(150,540);
canvas.lineto(150,545);
canvas.moveto(270,540);
canvas,lineto(270,545);
canvas.moveto(390,540);
canvas.lineto(390,545);
canvas.moveto(510,540);
canvas.lineto(510,545);
canvas.moveto(630,540);
canvas.lineto(630,545);
canvas.moveto(30,495);
canvas.lineto(25,495);
canvas.moveto(30,450);
canvas.lineto(25,450);
canvas.moveto(30,405);
canvas.lineto(25,405);
canvas.moveto(30,360);
canvas.lineto(25,360);
canves.moveto(30,315);
canvas.lineto(25,315);
canvas.moveto(30,270);
canvas.lineto(25,270);
canvas.moveto(30,225);
canvas.lineto(25,225);
canvas.moveto(30,180);
canvas.lineto(25,180);



canvas.moveto(30,135);
canvas.lineto(25,135);
-canvas.moveto(30,90);
canvas.lineto(25,90);
if (>=1) or (x=630) then
begin
c:=first;
x:=30;
repeat
c:=c+l;
canvas.pen.color := clyellow;
canvas.moveto(x,((keepilc]-345)*3)+540);
X:=x+stepx;
canvas.lineto(x,((keepi[c+1]-345)*3)+540);
until c=finish-1 ;
canvas.pen.color:=clblack;
if (a=1) then
begin
c=firstl;
x:=30;
repeat
c=c+l;
canvas.pen.color := clred;
canvas.moveto(x,((keepil [c]-345)*3)+540);
X:=X+5tCpx;
canvas.lineto(x,((keepil[c+1]-345)*3)-540);
until c=finish1-1 ;
b:=1;
canvas.pen.color := clblack;

end;
end;

procedure TFormS.closezoomiClick(Sender: TObject);

begin
formS.close;

cnd;

end.



unit original6;

interface

uses
Windows, Messages, SysUTtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCuls, original3,originall;

type
TFormé = class(TForm)
closezoomt: TButton;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
LabelS: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
Labell1: TLabel;
Labell2: TLabel;
Labell3: TLabel;
Label14: TLabel;
Labell5: TLabel;
Labell6: TLabel;
Labell7: TLabel;
Labell8: TLabel;
procedure zoomtpaint(Sender: TObject);
procedure closezoomtClick(Sender: TObject);

private
{ Private declarations }

public
{ Public declarations }
end;

var
Formé6: TForm6;

implementation
{SR *.DFM}
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procedure TForm6.zoomtpaint(Sender: TObject);

begin

canvas.brush.color := clblack;
canvas,rectangle(700,50,8,560);
//canvas.rectangle(700,185,20,355);
//canrvas.rectangle(700,365,20,535);
canvas.pen.color ;= clwhite;
canves.moveto(30,75);
canvas.lineto(30,540);
canvas.moveto(30,540);
canvas.lineto(690,540);
canvas.moveto{150,537);
canvas.lineto(150,543);
canvas.moveto{270,537);
canvas. lineto(270,543);
canvas.moveto(390,537);
canvas.lineto(390,543);
canvas.moveto(510,537);
canvas.lineto(510,543);
canvas.moveto(630,537);
canvas.lineto(630,543);
canvag.moveto(150,540);
canvas.lineto(150,545);
canvas.moveto(270,540);
canvas.lincto(270,545);
canvas.moveto(390,540);
canvas. lineto(390,545);
canvas.moveto(510,540);
canvas.lineto(510,545);
canvas.moveto(630,540);
canvas. lineto(630,545);
canvas.moveto(30,495);
canvas.lineto(25,495);
canvas.moveto(30,450);
canvas.lincto(25,450);
canvas.moveto(30,405);
canvas.lineto(25,405);
canvas.moveto(30,360);
canvas. lincto(25,}60);
canvas.moveto(30,315);
canvas.lincto(25,315);
canvas.moveto(30,270);
canvas.lineto(25,270);
canvas.moveto(30,225);
canvas.lineto(25,225);
canvas.moveto(30,180);
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canvas.lincto(25,180);
canvas.moveto(30,135);
canvas.lineto(25,135);
canvas.moveto(30,90);
canvas.lineto(25,90);
if (b=1) or (x=630) then
begin
c:=first;
x:=30;
repeat
c=ctl;
canvas.pen.color := clyellow;
canvas.movcto(x,((kecpt[c]—SZS)"3)+§40);
Xi=x+stepx;
canvas.lineto(x,((keept{c+1]-525)*3)+540);
until c=finish-1 ;
if (a=1)then
begin
c:=firstl;
x:=30;
repeat
ci=ctl;
canvas.pen.color := clred;
canvas.moveto(x,((keept1[c]-525)*3)+540);
X:=X+stepx;
canvas.lineto(x,((keept1[c+1]-525)*3)+540);
until c=finish!-1 ;
bi=1;
canvas.pen.color := clblack;

end;
end;
procedure TFormé6.closezoomtClick(Sender: TObject);
begin

formé.close;

end;

end.



unit original7;
imterface
uses

Windows, Messages,
StdCtrls;

SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

type
TForm?7 = class(TForm)

Labell: TLabel;

Label2: TLabel;

Button1: TButton;

procedure ButtonlClick(Sender: TObject);

private
{ Private declarations }

public
{ Public declarations }
end;

var
Form7: TForm7,

implementation
uses original3, originall;
{SR *.DFM}

procedure TForm7.Button1Click(Sender: TObject);

begin
form3.enabled:=true;
/fform1.visible:=false; ’
form3.visible:=true;
form7.close;
end;

end.



ANALOG
DEVICES -

Low Leve!,
True RMS-to-DC Convetter

ADG36

FEATURES
True RMS-to-DC Conversion
200 mV Full Scale
Laser-Trimmed to High Accuracy
0.5% max Error {AD636K}
1.0% max Error (AD636J}
Wide Response Capabllity:
Computes RMS of AC and DC Signals
1 MHz -3 dB Bandwidth: V RMS>100 mV
Signal Crest Factor of 6 for 0.5% Error
dB Qutput with 50 dB Range
Low Power: 800 uA Qulescent Current
Single or Dual Supply Operation
Monolithic integrated Clrcuit
Low Cost
Avallable in Chip Form

PRODUCT DESCRIPTION

The AD636 is a low power monolithic IC which performs true
rms-to-dc conversion on low level signals. It offers performance
which is comparable or superior to that of hybrid and modular
converters costing much more, The AD636 is specified for a sig-
nal range of 0 mV 10 200 mV rms. Crest factors up to 6 gan be
accommodated with less than 0.5% additional error, all'igwing
accurate measurement of (i_omplcx input waveforrns.

The low power supply current requirement of the AD636, typi-
cally 800 A, allows it to be used in battery-powered portable
instruments. A wide range of power supplies can be used, from
+2.5 Vto+16.5 V or asingle +5 V 1o +24 V supply. The input
and output terminals are fully protected; the input signal can
exceed the power supply with no damage to the device (allowing
the presence of input signals in the absence of supply voltage)
and the output buffer amplifier is short-circuit protected.

The AD636 includes an auxiliary dB output. This signal is de-
rived from an internal circuit point which represents the loga-
rithm of the rms output. The 0 dB reference level is set by an
externally supplied current and can be selected by the user
10 correspond to any input level from 0 dBm (774.6 mV) to
-20 dBm (77.46 mV). Frequency response ranges from 1.2 MHz
ata 0 dBm level to over 10 kHz at -50 dBm.

The AD636 is designed for case of use. The device is factory-
rimmed at the wafer level for input and output offset, positive

and negative waveform symmetry (dc reversal error), and full- ..

scale accuracy at 200 mV rms. Thus no external trims are re-
quired to achieve full-rated accuracy.

ADG636 is available in two accuracy grades; the AD636] total
error of #0.5 mV +0.06% of reading, and the AD636K

REV. A

Irformation fumished by Analog Devices is believed to be accurate and
raliable. However, no responsibility is assumed by Analog Devices for its
usa, nor for any infringemants of patants or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patant rights of Analog Davices.

PIN CONNECTIONS &

FUNCTIONAL BLOCK DIAGRAM
“D” Package
(TO-116)

“H” Package
(TO-100)

is accurate within £0.2 mV to #0.3% of reading. Both versions
are specified for the 0°C to +70°C temperature range, and are
offared in either a hermetically sealed 14-pin DIP or a 10-pin
TO-100 metal can, Chips are also available.

PRODUCT HIGHLIGHTS

1. The AD636 computes the true root-mean-square of 2 com-
plex ac (or ac plus dc) input signal and gives an equivalent de
output level. The true rms value of a waveform is a more
useful quantiry than the average rectified value since it is a
measure of the power in the signal. The rms value of an
ac-coupled signal is also its standard deviation.

2. The-200 millivolt full-scale range of the AD636 is compatible
with many popular display-oricnted anslog-to-digital con-
verters. The low power supply current requirement permits
use in battery powered hand-held instruments.

3. The only external component required to perform: measure-
ments to the fully specified accuracy is the averaging capaci-
tor. The value of this capacitor can be selected for the desired
trade-off of low frequency accuracy, ripple, and settling time.

4. The on-chip buffer amplifier can be used to buffer either the
input or the output. Used as an input buffes, it provides ac-
curate performance from standard 10 MQ input attenuators.
As an output buffer, it can supply up to § milliamps of out-
put current.

S. The AD636 will operate over a wide range of power supply
voltages, including single +5 V 10 + 24 V orsplit£2.5V to
+16.5 V sources. A standard 9 V battery will provide several
hundred hours of continuous operation.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-31C8, U.S.A.
Tet 617/329-4700 Fax 617/326-8703
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Modcl ADS636} AD6I6K
Mla ~ Typ Max Min Typ Mex Ualts
TRANSFER FUNCTION VouT =1 (VIN)® VouT =18 (VIN)®
CONVERSHON ACCURACY
Total Errer, Internal Trim"? =0.5 x1.0 =0.2 0.5 mV 1% of Reading
vs. Temperature, 0°C to +70°C +0.110.01 4+0.140.005 | mV £% of Reading™C
vs. Supply Voltage +0.1£0.01 $0.1$0.01 mV £% of Reading/V
dc Reversal Eor at 200 mV 0.2 $0.1 % of Reading
Tow) Error, External Trim' +£0.310.3 +0.110.2 mV 1% uof Reading
BRROR VS. CREST FACTOR?
Crest Factor 1 v 2 Specified Accuracy Specificed Accuracy
Crest Pactor = 3 -0.2 -0.2 % of Reading
Crest Factor = 6 -0.5 -0.5 94 vf Reading
AVERAGING TIME CONSTANT 25 25 ms/pF CAV
INPUT CHARACTERISTICS
Signal Range, All Supplies
Contiguous rms Level 0 tv 200 0 10 200 mV rms
Peak Traasicnt [oputs
+3V, -5 V Supply $2.8 £2.8 vV pk
$2.5 V Supply” 2.0 +£2.0 V pk
15 V Supply - +35.0 +5.0 Vv pk
Maximum Continuous Nondestructive
1aput Level (All Supply Yoltages) +12 +12 ¥V pk
1oput Resistance 5.33 6.67 8 5.33 6.67 8 3¢
1nput Offsct Volage 0.5 $0.2 mV
FREQUENCY RESPONSE™"
Bandwidth for 1% Additional Error (0.v9 dB)
Y= 10mV 14 14 kHz
Y= 100 mV 90 20 kHz
Vi =200mV 130 130 kHz
13 dB Bandwidth
V=10 mV 100 100 kHz
¥ = 100mV 900 900 MHz
Ve =200 mV 1.5 1.5 MHz
ouTeLT CHARACTERISTICS®
Offsct Yoltage, ¥y = COM =0.5 =0.2 mV
vs. Temperature £10 £10 pV#*C
vs. Sopply $0.1 +0.1 mV/ ¥
Vulizge Swing
+3V, -5 V Supply 0.3 0to +1.0 0.3 01t +1.0 \4
+5 Vto £16.5 ¥ Supply 0.3 Ot +1.0 0.3 01t +1.0 ¥
Qutput dmpedance 8 10 i2 8 10 12 341
dB OLTPET
Brrog, ¥y = 7 mV to 300 mV s +0.3 =0.5 $0.1 =0.2 dB
Scalc Factor -3.0 -3.0 mVidB
Scale Factor Temperature Coeflicient +0.33 +0.33 % vf Reading™*C
-0.033 -0.033 dB/~C
Ippy for 0 dB = 0.1 V rms 2 4 8 2 4 8 1LY
Iy Range 1 50 1 50 A
Lowr TERMINAL
Lo Scale Fuctor 100 100 HA/Y Dus
v Scale Pactor Tolerance ~20 +10 +20 -20 +10 +20 Y
Qutput Resistance 8 10 12 8 10 12 ki1
Volwge Compliance ~Vgto (+Vy -Vsto (+Vy
-2V) -2 V) v
BUFFER AMPLIFIER
input and Output Vulage Range Vg (+Vy -Vgto (+Vy
-2V) -2V) \4
laput Offsct Voltage, Ry = 10k 0.8 =2 P 10.5 =1 mV
loput Bias Curreat 100 300 100 300 nA
Input Resistance 10% 108 ¢
Qutput Current (+5 mA, (+5 mA,
-130 pA) ~130 pA)
Short Circuit Current 20 p 20 mA
Smal Signal Bandwidth 1 1 MHz
Slew Rate® 5 5 Vigs
POWER SUPPLY
Voluage, Rated Performance +3,-5 +3,-5 v
Dual Supply +2,-2.3 +16.5 +2,-2.5 +16.5 v
Single Supply +3 +24 +5 +24 Y
Quiescent Curzeat® 0.80 1.00 0.80 1.00 mA
-2- REV. A
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Modcd - AD636) AD$36K
Min Typ Max Min Typ Max Unlts
TEMPERATURE RANGE
Rated Performance 0 +70 0 +70 *C
Stuzage 55 +150 -35 +150 “C
TRANSISTOR COUNT 62 62
NOTES

Accuracy specified for 0 mV 10 200 mV rms, de or | kHz sine wave input. Accarecy is degraded a bigher rms sgoul levels.

\Measored 31 Pin R of DIP (Iegry), with Pin 9 tied 1o commen.

Erorvs. crest fuctor is specified as additional error for x 200 mV rms rectungalur pulse trim, palse width = 200 pr.

“nput voltages wre expressed in vohs rms.
With 10 k0 pull down resistor from Pin 6 (BUP OUT) e Ve
*Xith BUP input tied 10 Common.

Specificrticos subject to change withoat notice.

All mim wod max pecificutions are guaranteed. Spedifications showo io boldface ure tested oo al) producticn units et fal electrical test and are used to culculute cutgoing

gaadity Jevels,

ABSOLUTE MAXIMUM RATINGS'

Supply Voltage

Daal Supply . ..o +16.5V

Single Supply . ... ...t +24 V
Internal Power Dissipation® .................... 500 mW
Maximum Input Voltage .................... +12V Peak
Storage Temperature Range N, R ......... -55°C to +150"C
Operating Temperature Range

ADG636TK ... 0°C 10 +70°C
Lead Temperature Range (Soldering 60sec) ........ +300°C
ESDRating ....covviiniiiiiniiieaiaaeanans 1000V
NOTES

'Stresses above thuse listed under “Absolute Maximum Ratings™ may cause
permanent damage o the device. This is a stress rating only and functional
uperation of the device at these orany other conditions above those indicated inthe
operationa) section of this specification is not implicd. Fxpusure to absolute
maximum ruting conditions for extended petods may afiect device reliability.
*10-Pin Header: 834 = 150°C/Wart :

14-Pin Side Brazed Ceramic DIP: 8y, = 95°C/Watt

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimcnsions shown in inches and (mm).

01318 o
{s840}

NOTE
SEOTH PADS GHOWN MUST BE CONNECTED TO Vg

REV. A

ORDERING GUIDE

Temperature | Package 1Package

Model Range Description Option
AD636JD 0°C 10 +70°C | Sidc Brazed Ceramic DIP {D-14
AD636KD 0°C 10 +70°C | Sidc Brazed Ceramic DIP [ D-14
ADG636JH 0°C 10 +70°C | Header H-10A
AD636KH 0°C to +70°C | Header H-10A
ADG636] Chip | 0°C 10 +70°C | Chip

ADG636K Chip | 0°C 10 +#70°C | Chip

-3-

STANDARD CONNECTION

The AD636 is simple to connect for the majority of high accu-
racy rms medasurements, requiring only an extemal capacitor to
set the averaging time constant. The standard connection is
shown in Figure 1. In this configuration, the AD636 will mea-
sure the rms of the ac and dc level present at the input, but will
show an error for low frequency inputs as a function of the filter
capacitor, Cay, as shown in Figure 5. Thus, if a 4 iF capaciter
is used, the additional average error at 10 Hz will be 0.1%, at

3 Hz it will be 1%. The accuracy at higher frequencies will be
according to specification. If it is desired to reject the dc input, 2
capacitor is added in series with the input, as shown in Fig-

ure 3; the capacilor must be nonpolar, If the AD636 is driven
with power supplies with a considerable amount of high frequency
ripple, it is advisable to bypass both supplies to ground with

0.1 pF ceramic discs as near the device as possible. C-is an op-
tional output ripple filter, as discussed elsewhere in this data sheet.

_ 4+
e ]
(2] avese
=
e .1
a

T EE

—~{
\'4
Figure 1. Standard RMS Connection




Applying the AD636

The input and output signal ranges are a function of the supply
voltages as detailed in the specifications. The AD636 can also
be used in an unbuffered voltage output mode by disconnecting
the input to the buffer. The output then appears unbuffered
across the 10k resistor. The buffer amplifier can then be used
for other purposes. Further, the AD636 can be used in a cumrent
output mode by disconnecting the 10k resistor from the ground.
The output current is available at Pin 8 (Pin 10 on the “H”
package) with a nominal scale of 100 ptA per volt rms input,
positive out.

OPTIONAL TRIMS FOR HIGH ACCURACY

If it is desired to improve the accuracy of the AD636, the exter-
nal trims shown in Figure 2 can be added. R4 is used to trim the
offset. The scale factor is trimmed by using R1 as shown. The
insertion of R2 allows R1 1o cither increase or decrease the scale
factor by +1.5%.

The trimming procedure is as follows:

1. Ground the input signal, Vy, and adjust R4 to give zero

volts output from Pin 6. Alternatively, R4 can be adjusted to
give the correct output with the lowest expected value of Vi

2. Connect the desired full-scale input level to Vi, either dc or
a calibrated ac signal (1 kHz is the optimum frequency);
then trim R1 to give the correct output from Pin 6, i.e.,

200 mV dc input should give 200 mV dc output. Of course,
a *200 mV peak-to-peak sine wave should give a 141.4 mV
dc output. The remaining errors, as given in the specifica-
tions, are due to the nonlinearity.

4 o Vg

”

L_lLJLJLiJ

[
s "
: 8 2samn
T ™
d -
orrssT
ADRIST

Figure 2. Optional External Gain and Output Offset Trims

SINGLE SUPPLY CONNECTION

The applications in Figures 1 and 2 assume the use of dual
power supplies. The AD636 can also be used with only a single
positive supply down to +5 volts, as shown in Figure 3. Figure 3
is optimized for use with a 9 volt battery. The major limitation
of this connection is that only ac signals can be measured since
the input stage must be biased off ground for proper operation.
This biasing is done at Pin 10; thus it is critical that no extrane-
ous signals be coupled into this point. Biasing can be accom-
plished by using a resistive divider between +Vg and ground.
The values of the resistors can be increased in the interest of
lowered power consumption, since only 1 microamp of current
flows into Pin 10 (Pin 2 on the “H” package). Alternately, the

COM pin of some CMOS ADCs provides a suitable artificial
ground for the AD636. AC input coupling requires only capaci-
tor C2 as shown; a dc return is not necessary as it is provided
internally. C2 is selected for the proper low frequency break
point with the input resistance of 6.7 kQ; for a cut-off at 10 Hz,
C2 should be 3.3 uF. The signal ranges in this connection are
slightly more restricted than in the dual supply connection. The
load resistor, R, is necessary to provide current sinking capabilty.

.
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o3

o
€

<Kt

4 4
TEE

I

ki

Figure 3. Single Supply Connection

CHOOQSING THE AVERAGING TIME CONSTANT

The AD636 will compute the rms of both ac and dc signals. If
the input is a slowly-varying dc voltage, the output of the AD636
will track the input exactly. At higher frequencies, the average
output of the AD636 will approach the rms vatue of the input
signal. The actual output of the AD636 will differ from the ideal
output by a dc (or average) error and some amount of ripple, as
demonstrated in Figure 4.

[

TiME
Figure 4. Typical Output Waveform for Sinusoidal [nput

The dc error is dependent on the input signal frequency and the
value of Cay. Figure S can be used to determine the minimwn
value of Cay which will yield a given % dc error above a given
frequency using the standard rms connection.

The ac component of the output signal is the ripple. There are
two ways to reduce the ripple. The first method involves using
a farge value of Cay. Since the sipple is invessely proportional

10 Cayv, 2 tenfold increase in this capacitance will effect a tenfold
reduction in ripple. When measuring waveforms with high crest
factors, (such as low duty cycle pulse trains), the averaging time
constant should be at least ten times the signal period. For ex-
ample, 2 100 Hz pulse rate requires a 100 ms time constant,
which corresponds to a 4 uF capacitor (time constant = 25 ms

per uF).

nrys oa
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Figure 5. Error/Settling Time Graph for Use with the
Standard rms Connection

The primary disadvantage in using a large Cay to remove ripple
is that the settling time for a step change in input level is in-
creased proportionately. Figure 5 shows the relationship be-
tween Cav and 1% settling time is 115 milliseconds for each
microfarad of Cay. The settling time is twice as great for de-
creasing signals as for increasing signals (the values in Figure 5
are for decreasing signals). Settling time also increases for low
signal levels, as shown in Figure 6.

100
SETTLNG 15 \
TIME RELATIVE
TOSETTLING
TIME AT .
T60mV eme J
28 \
w0 S~ ]
o
v omy W0V w

et INPUT LEVEL
Figure 6. Settling Time vs. Input Leve!

A better method for reducing output ripple is the use of a
“post-filter.” Figure 7 shows a suggested circuit. If a single pole
filter is used (C3 removed, Ry shorted), and C2 is approxi-
mately 5 times the value of Cay, the ripple is reduced as shown
in Figure 8, and settling time is increased. For example, with
Cav=1 |,1F and C2 = 4.7 yF, the ripple for a 60 Kz input is re-
duced from’ 10% of reading to approximately 0.3% of reading.
The settling time, however, is increased by approximately a fac-
tor of 3. The values of Cay and C2 can therefore be reduced to
permit faster settling times while still providing substantial
ripple reduction.

The two-pole post-filter uses an active filter stage to provide
even greater ripple reducuon without substantially increasing
the settling times over a circuit with a one-pole filter. The values
of Cay, C2, and C3 can then be reduced to allow extremely fast
settling times for a constant amount of ripple. Caution should
be exercised in choosing the vahie of Cay, since the dc error is
dependent upon this value and is independent of the post filter.

For a more detailed explanation of these topics refer to the
RMS-10-DC Conversion Application Guide, 2nd Edition, available
from Analog Devices.
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Figure 8. Performance Features of Various Filter Types

RMS MEASUREMENTS

AD636 PRINCIPLE OF OPERATION

The AD636 embodies an umplicit solution of the rms equation
that overcomes the dynamic range as well as other limitaticns
inherent in a straightforward computation of rms. The actual
computation performed by the AD636 follows the equation:

Vrms—Avg[

Figure 9 is a simplified schematic of the AD636; it is subdivided
into four major sections: absolute value circuit (active rectifier),
squarer/divider, current mirror, and buffer amplifier. The input
voltage, Vyy, which can be ac or dg, is converted to a unipolar
current I;, by the active rectifier Ay, A,. I, drives one input of
the squareridivider, which has the transfer function:

12

I

The output current, I, of the squarer/divider drives the current
mirror through a low-pass filter formed by R1 and the externally
connected capacitor, Cay. If the R1, Cay time constant is much
greater than the longest period of the input signal, then L is cf-
fectively av;ragéd The current mirror refurns a current

I3, which equals Avg. [L], back to the squarer/divider to com-
plete the implicit rms computation. Thus:

I
I,=Avg.|—|=1jrms
1

L=

=5
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The current mirror also produces the output current, Ly
which equals 2I,. Iy can be used directly or converted to a
voltage with R2 and buffered by A4 to provide a low impedance
voltage output. The transfer function of the AD636 thus results:

VOUT=2R21MIS=V[NH1L\‘

The dB output is derived from the emitter of Qj3, since the volt-
age at this point is proportional to ~log Vy. Emitter follower,
Qs, buffers and level shifts this voltage, so that the dB output
voltage is zero when the externally supplied emitter current
(Ipyy) 10 Qs approximates I4.
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Figure 9. Simplified Schematic

THE AD636 BUFFER AMPLIFIER

The buffer amplifier included in the AD636 offers the user addi-
tional application flexibility. It is important to understand some
of the characteristics of this amplifier to obtain optimum perfor-
mance, Figure 10 shows a simplified schematic of the buffer.

Since the output of an rms-to-dc converter is always positive, it
is not necessary to use a traditional complementary Class AB
output stage. In the AD636 buffer, a Class A emitter follower is
used instead. In addition to excellent positive output voltage
swing, this configuration allows the output to swing fully down
to ground in single-supply applications without the problems as-
sociated with most IC operational amplifiers.

Figure 10. AD636 Buffer Amplifier Simplified Schematic

When this amplifier is used in dual-supply applications as an in-
put buffer amplifier driving a load resistance referred to ground,
steps must be taken to insure an adequate negative voltage
swing. For negative outputs, current will flow from the load re-
sistor through the 40 kQ emitter resistor, setting up a voltage di-
vider between -V and ground. This reduced effective —Vg, will

limit the available negative output swing of the buffer. Addition
of an external resistor in parallel with Ry alters this voltage di-
vider such that increased negative swing is possible.

Figure 11 shows the value of Rexcpurnas for 2 particular ratio of
Vinax to Vg for several values of Ry ap, Addition, of Ryscppamar.
increases the quiescent current of the buffer amplifier by an
amount equal to Ryy/~Vy. Nominal buffer quiescent current
with no REXIERNAL is 30 l.lA at —Vs =-5V.
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Figure 11. Ratio of Peak Negative Swing to -Vs vs.
R exrennar for Several/Load Resistances

FREQUENCY RESPONSE

The AD636 utilizes a logarithmic circuit in performing the im-
plicit rms computation. As with any log circuit, bandwidth is
proportional to signal level. The solid lines in the graph below
represent the frequency response of the AD636 at input levels
from 1 millivolt to 1 volt rms. The dashed lines indicate the up-
per frequency limits for 1%, 10%, and 3 dB of reading addi-
tional error. For example, note that a | volt rms signal will
produce less than 1% of reading additional error up to 220 kHz.
A 10 millivolt signal can be measured with 1% of reading addi-
tional error {100 uV) up to 14 kHz.
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Figure 12. AD636 Frequency Response

AC MEASUREMENT ACCURACY AND CREST FACTOR
Crest factor is often overlooked in determining the accuracy of
an ac measurement. Crest factor is defined as the ratio of the
peak signal amplitude to the rms value of the signal (C.F. = Vy/
V rms) Most common waveforms, such as sine and triangle
waves, have relatively low crest factors (<2). Waveforms which

-6~ REV. A
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resemble low duty cycle pulse trains, such as those occurring in
switcking power supplies and SCR circuits, have high crest
factors. For example, a rectangular pulse train with 8 1% duty
cycle has a crest factor of 10 (C.F. = [,q).

Figure 13 is a curve of reading error for the AD636 for a 200 mV
rms input signal with crest factors from 1 to 7. A rectangular
pulse train (pulse width 200 ps) was used for this test since it is
the worst-case waveform for rms measurement (all the energy is
contained in the peaks). The duty cycle and peak amplitude
were varied to produce crest factors from 1 to 7 while maintain-
ing a constant 200 mV rms input amplitude.
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Figure 13. Error vs. Crest Factor

A COMPLETE AC DIGITAL VOLTMETER

Figure 14 shows a design for a complete low power ac digital
voltmeter circuit based on the AD636. The 10 MQ input
attenuator allows full-scale ranges of 200 mV, 2 V, 20 V and
200 V rms. Signals are capacitively coupled to the AD636 buffer
amplifier, which is connected in an ac bootstrapped configura-~
tion to minimize loading. The buffer then drives the 6.7 K
input imnpedance of the AD636. The COM terminal of the ADC
chip provides the false ground required by the AD636 for single
supply operation. An AD589 1.2 volt reférence diode is used to
provide a stable 100 millivolt reference for the ADC in the lin-
car rms mode; in the dB mode, a IN4148 diode is inserted in
series to provide correction for the temperature coefficient of the
dB scale factor. Calibration of the meter is done by first adjust-
ing offset pot R17 for a proper zero reading, then adjusting the
R13 for an accurate readout at full scale.

Calibration of the dB range is acconiplished by adjusting R9 for

the desired 0 dB reference point, then adjusting R14 for the de-
sired dB scale factor (a scale of 10 counts per dB is convenient).

Total power supply current for this circuit is typically 2.8 mA
using a 7106-type ADC.

A LOW POWER, HIGH INPUT IMPEDANCE dB METER
Introduction

The portable dB meter circuit fearured here combines the func-
tions of the AD636 rms converter, the ADS89 voltage reference,
and a pA776 low power operational amplifier. This meter offers
excellent bandwidth and superior high and low level accuracy
while consuming minimal power from a standard 9 volt transis-
tor radio battery.

In this circuit, the built-in buffer amplifier of the AD636 is used
as a “bootstrapped” input stage increasing the normal 6.7 kKQ
input Z to an input impedance of approximately 1019,

REV. A

Circuit Description

The input voltage, Vy, is ac coupled by C4 while resistor R8,
together with diodes D1, and D2, provide high input voltage
protection.

The buffer’s output, Pin 6, is ac coupled to the rms converter’s
input (Pin 1) by capacitor C2. Resistor, R9, is connected be-
tween the buffer’s output, a Class A output stage, and the nega-
tive output swing. Resistor R1, is the amplifier’s “bootstrapping™
resistor.

With this circuit, single supply operation is made possible by
setting “ground” at 2 point between the positive and negative
sides of the battery. This is accomplished by sending 250 A
from the positive battery terminal through resistor R2, then
through the 1.2 volt AD589 bandgap reference, and finally back
to the negative side of the battery via resistor R10. This sets
ground at 1.2 volts +3.18 volts (250 pA x 12.7 kQ) = 4.4 volts
below the positive battery terminal and 5.0 volts (250pA x 20 kQ)
above the negative battery terminal. Bypass capacitors C3 and
CS keep both sides of the battery at a low ac impedance to
ground. The AD589 bandgap reference establishes the 1.2 volt
regulated reference voltage which together with resistor R3 and
trimming potentiometer R4 set the zero dB reference current ya-.

Performance Data
0 dB Reference Ilange = 0 dBm (770 mV) to 20 dBm (77 mV)
rns
0 dBm = 1 milliwatt in 600 Q
Input Range (at Iy = 770 mV) = 50 dBm
Input Impedance = approximately 10'%Q
VsuprLy Operating Range +5 V dc 16 +20 V dc
IQL‘HS(::}Q'J'= 1. 8 mA typical
Accuracy with 1 kHz sine wave and 9 volt dc supply:
0 dB to —40dBm+* 0.1 dBm
0 dBm to -50 dBm + 0.15dBm
+10 dBm to -50 dBm * 0.5 dBm

Frequency Response 3 dBmi:

Input

0 dBm =5 Hz to 380 kHz
~10 dBm = S Hz to 370 kHz
-20 dBm = 5 Hz 10 240 kHz
-30 dBm = S Hz to 100 kHz
~40 dBm = S Hz to 45 kHz
~50 dBm = S Hzto 17 kHz

Calibration

1. First calibrate the zero dB reference level by applying a | kHz
sine wave from 4n audio oscillator at the desired zero dB am-
plitude. This may be anywhere from zero dBm (770 mV rms
~ 2.2 volts p-p) 10 ~20 dBm (77 mV rms 220 mV - p-p). Adjust
the Liga cal timmer for a zero indication on the analog meter.

2. The final step is to calibrate the meter scale factor or gain.
Apply an input signal 40 dB below the set zero dB reference
and adjust the scale factor calibration trimmer for a 40 yA
reading on the analog meter.

The temperature compensation resistors for this circuit may be
purchased from: Tel Labs Inc., 154 Harvey Road, P.0O. Box 375,
Londonderry, NH 03053, Part #Q332A 2 kQ 1% +3500 ppm/
°C or from Precision Resistor Company, 109 U.S. Highway 22,
Hillside, NJ 07205, Part #PT146 2 kQ 1% +3500 ppm/"C.
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Figure 14. A Portable, High Z Input, RMS DPM and dB Meter Circuit
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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TRIPLE 3-INPUT AND GATE

GUARANTEED OPERATING RANGES

SN54/74L.511

TRIPLE 3-INPUT AND GATE
LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

N SUFFiIX
PLASTIC
CASE 646-06

D SUFFIX
L= soic
CASE 751402

ORDERING INFORMATION

SNS4LSEXX) Ceranic
SN74LSXXN  Plastic
SN74LSXXD SOIC

Symbot Parameter Min Max Unit

Vce Supply Voltage 54 4.5 5.0 5.5 v
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

loH Output Current — High 54,74 -04 mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
51




SN54/74LS11

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless ctherwise specified)

Limits
symbol Parameter . Min Tvp Max Unit Test Conditions
Guaranteed input HIGH Voitage for
ViH Input HIGH Voltage 2.0 \ Al Inputs
Vi Input LOW Vol 54 0.7 v Guaranteed Input LOW Voltage for
n a
L pu ge 74 0.8 All Inputs
VIK Input Ctamp Diode Voltage ~065| -15 \ Voo =MIN, Iy ==18mA
54 25 .5 \ Ve = MIN, Ior = MAX, Vin = V
CcC + IOH . VIN T VIH
V( Output HIGH Volt
OH pu okiage 74 27 | 35 v or Vi per Truth Table
54,74 »~ 10251 04 v oL =4.0mA Vee = Voo MIN,
VoL Output LOW Voltage VIN =V or Vi
74 0.35 0.5 \ loL=8.0mA per Truth Table
20 pA Vee = MAX, VIN=27V
iy input RIGH Current
Q.1 mA Voo = MAX, VIN=T70V
it input LOW Current -04 mA Vee =MAX, Viy =04V
los Short Circuit Current (Note 1) -20 =100 mA Ve = MAX
Power Supply Current ’
icc Total, Output HIGH 36 | mA | Vcc=MAX
Total, Output LOW 6.6
Mige 1 Mot mans then one output shoukd be Shoitzd 8t & time ner 16 more than 1 8edond
AC CHARACTERISTICS (Ta = 25°C)
Limits
Symbol Parameter Min | Typ | Max Unit Test Conditions
tpLH Turn-Off Delay, Input to Oufput C e 8.0 15 ns Vee =50V
tPHL Turn-On Delay, Input to Output N 10 20 ns - CL=15pF

FAST AND LS TTL DATA
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DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54/74L574A dual edge-triggered flip-flop utilizes Schotiky TTL cir-
cuitry to produce high speed D-type flip-flops. Each flip-flop has mduv:dual
clear and setinputs, and also complementary Q and Q outputs.

Intormation at input D is fransferred fo the Q oulput on the positive-going
edge of the clock pulse. Clock triggering occurs at 8 vollage level of thé clock
pulse and is not directly related o the transition time of the positive-going
pulse. When the clockinput is at either the HIGH or the LOW level, theé D input
signal has no effect.

LOGIC DIAGRAM (Each Flip-Flop)

“
e

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS
OPERATING MODE

Sp Sp D Q Q

Sat : L H X H L
Reset (Clsar) H L X L H
“Undeienmined L L X H H
Load “1" {Set) H H h H L
Load “0" (Reset) H H | L H

” Betn autzits wdi be HIGH while hoth Sp andGp are LOW., butine cutput states are unpredictanie
4 Sp ano Cp go HIGH simultanceously. lithe fevels at the setand clear are near Vi_maximum then
we cannol guasantee to meet the minmum level lor Vou,.

H. h = HIGH Voltage Levei

L. | = LOW voltage Leve!

¥ = Dan1Care

1 1 {g) = Lower case latters ndicaie the state of he referenced input {or output) one sef-up tme
prior 16 the KIGH 16 LOW clack transition.

SN54/74LS74A

DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06
s D SUFFIX
L S soic
: CASE 751A-02
ORDERING INFORMATION
SN34LSXXJ Ceramic
SN74LSXXN  Plastic

SN74LSXXD  SOIC

LOGIC SYMBOL

4 10
& 4
2—{0 %0 o35 1z2—{p 52 of—9
2—{ce 1 —{CP
Co op—-¢ Cp Qp—¢8
- 7 )
Ve = Pl 44
GND = PIN 7
~

FAST AND LS TTL DATA
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SN54/74L.S74A

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

Vee Supply Voltage 54 4.5 5.0 5.5 \
74 4.75 5.0 5.25

Ta Operating Ambient Temperature Range 54 -55 25 125 «C
74 0 25 70

lOH Output Current — High 54,74 -04 mA

oL Output Current — Low 54 4.0 mA
74 8.0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specifiec)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranieed Input HIGH Voliage for
ViH Input HIGH Vditage 2.0 \ Al Inputs
X 54 0.7 Guarantead Input LOW Vohags for
ViU input LOW Voliage 7 vy \% All lnputs
ViK Input Clamp Diooe Vollage -065 | ~15 \ Ve = MIN, Iy = —18mA
54 2.5 3.5 v Ve = MIN [oH = NAX Vi = Vi
Vo Output HIGH Voltage 7 27 35 v or VI per Truih Table
54,74 0.25 | 04 v ioL =4.0mA Vee = Vee MiIN,
VoL Ouiput LOW Voltage Vin =V orViy
74 0.33 0.5 \ oL =80mA per Truth Table
Input High Current
Data. Clock 20 LA Voo = MAX VN =27V
T Set, Clear 40
Data, Clack 0.1 A Lmav
Set, Clear 02 mA Voo = MAX, Viy = 7.0V
input LOW Current
L Daia, Clock . ~04 mA Ve = MAX, Viy =04 Y
Set. Clear -08 7
los Output Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
Icc Power Supply Current 8.0 mA VEC = MAX
Note 1. Not more than ong outsut should be snorted at a ime, nof far moee than 1 secone. )
AC CHARACTERISTICS (Tp = 25°C. Vo= 5.0 V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
IMAX Maxirmum Clock Frequency 25 33 WHz Figure 1
Ve =50V
PLH 3 | 5 | ns . S e 0E
i Clock, Clear. Set to Output - Figure 1 4 =1op
PHL 25 40 ns
AC SETUP REQUIREMENTS (Tp = 25°C)
, Limits
Symbol Parameter - Min Typ Max Unit Test Conditions
twiH) Clock P 25 ns Figure 1
W(L) Clear, Set 25 ns Figure 2
) Data Setup Time — HIGH 20 ns Fiours 1 Vce.=50V
i ’ Figur
S -LOowW 20 s
th Hold Time 5.0 ns Figure 1

FAST AND LS TTL DATA
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SN54/74LS74A
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AC WAVEFORMS

| T 7
D.%L” é'%//é’/%//////?////%w J‘“h(#)%
L- () *:E)‘W(H) e i« (M) |

/ wi 1
13V - 13V
cp _____7

i 1

- T
L__.i_ P MAX o |

Q ! \J\ K
!
i
-

1
t L] e S,
P

tay
pod

~ ipK

; } i
13V - 1.3y
)

“Tne shaded areas inacate when the mout s Dermittes to change ler preactasle suiput pedsrmance.

Figure 1. Cleck to Output Delays, Data
Set-Up and Hold Times, Clock Pulse Width

CLEAR i | !
: a3y

fo
L
-
{ ’-
< i

Figure 2. Set and Clear to Output Delays,
Set and Clear Pulse Widths

FAST AND LS TTL DATA
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MOTOROLA

1-OF-8 DECODER/
DEMULTIPLEXER -

SN54/74L.S5138

The LSTTL/MSI SN54/74LS138 is a high speed 1-of-8 Decoder/
Demultiplexer. This device is ideally suited for high speed bipolar memory
chip select address decoding. The multiple input enables aliow parallel ex-
pansion to a 1-of-24 decoder using just three LS138 devices or to a 1-0f-32
decoder using four LS138s and one inverter. The LS 138 is fabricated with the
Schottky barrier diode process for high speed and is completely compatible
with ail Motorota TTL families.

+ Demuitiplexing Capability

1-OF-8 DECODER/
DEMULTIPLEXER

LOW POWER SCHOTTKY

« Multiple Input Enable for Easy Expansion’

Typical Power Dissipation of 32 mW
Active Low Mutually Exdlusive Outputs
Input Clamp Diodes Limit High Speed Termination Effects

CONNEC TION DIAGRAM DIP (TOP VIEW)

Voo Op 04 02 03 Qs O Os

18] [} [n] o] [¢]

HOTE

The Flatpak versian

> nas the SAME s
PCOnneon Dragrany &

e Duat In-Line Fachege

10
[+33

T IR

-
tmn
o

LOADING (Note a)

PIN NAMES
HIGH Low
Ag-A2 Address Inputs 0.5U.L. 0.25U.L.
E{. E2 Enable (Active LOW) Inputs 05U.L. 0.25U.L.
E3 _ Enable (Active HIGH) Input Q.5U.L 0.25U.L.
Op-07 Active LOW Outputs (Note b) 1WOUL [S5@25U.L.
HOTES

2 1 TTL Uit bozs (L) = 40 yAHIGH 1 8 mA LOW

) The Cutout LOW dnve factor is 26 LIL for Miiery (M) and S L for Commeraial {74)

Temperatura Rangaes

LOGIC DIAGRAM _

A A A Eq E2E3
OFRONINO, ® ®  vogePine
GND=Pii &
% O =PNIIERS

YYIY

)

) @ @ @ ®

0z 03 O3 022 G Op

J SUFFIX
CERAMIC
CASE €20-09

N SUFFIX
PLASTIC
CASE 648-08

% D SUFFIX
S soic
CASE 751B-03

ORDERING {NFORMATION

SMN54LSXXXJ Ceramic
SN74LSXXXN  Piastic
SN74LSXXXD SOIC

LOGIC SYMBOL

123
]
A0 Ay A2
€01 L2903 040 05 07
151413121110 9 F
Vo = PIN 16
GHD=PIN 8

FAST AND LS TTL DATA
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SN54/741.5138

FUNCTIONAL DESCRIPTION

The LS138 is a high speed 1-of-8 Decoder/Demulitiplexer
fabricated with the low power Schottky barrier diode process.
Thedecoderaccepts three binary weighted input's (A0.A1,A2)
and when enapled provides eight mutually exclusive active
LOW Outputs (Og—07). The LS138 features three Enable in-
puts, two active LOW (E4, E2).and one active HIGH (E3). All
outputs will be HIGH unless E4 and E2 are LOW and E3 is
HIGH. This muiltiple enable function allows easy parallel ex-

pansion of the device to a 1-0f-32 (5 lines to 32 lines) decoder
with just four LS138s and one inverter. (See Figure a.)

The LS138 can be used as an 8-output demultiplexer by
using one of the active LOW Enable inputs as the data input
and the other Enable inputs as strobes. The Enable inputs
which are not used must be permanentlytied to their appropri-
ate active HIGH or active LOW state.

TRUTH TABLE

INPUTS OUTPUTS
Eq E2 E3 Ag A1 A2 Oo 01 02 O3 04 Os O¢ o7
H X X X X X H H H H H H H H
X H X X X X H H H H H H H H
X X L X X X H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L H L H H H H H H
L L H L H L H H L H H H H H
L L H H H L H H H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H H L H H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L
H = MIGH Voliage Level
L = LOW voltags Levet
X = Den't Care
)
Ay
Ay I
V\I A ] 1rl
A3
Agq
Ay M A2 Ay ALAL = QA Az AQ A1 A2
Ls138 Ls138 Ls138 LS138

001 Q2 03 040505 C7

0504 0202 04 05Cg 07

Cs 299203 050506 07 CO1 €203 05 05C¢ Oy

TITTTYY

[0 T e RIS

TYYTTITYY

\RRARARA

C

TTTTT70Y

Figure a

FAST AND LS
5-2
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GUARANTEED OPERATING RANGES

SN54/74LS138

Symbol Parameter Min Max Unit
Vcc’ Supply Voltage 54 4.5 5.0 5.5 v
i 74 4.75 5.0 5.25
Ta Operating Ambient Temperature Range 54 -85 25 125 <C
74 o] 25 70
loH Output Current — High 54,74 -04 mA
loL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless atherwise gpecified)
) Limits
Symbol Parameter “ Min Typ Max | Unit Test Conditlons
Guaranteed Input HIGH Voitage for
ViH Input HIGH Voltage 2.0 \ All Inputs
54 0.7 Guaranteed input LOW Voltage for
ViL tnput LOW Vottage v
74 0.8 All Inputs
VIK . Input Clamp Diode Voltage -065 | -15 v Voo = MIN, fiy=-18mA
54 28 35 Y e = = Vg =
VoH Output HIGH Voltage ‘ Ve = MIN, 1o+ = MAX. Vit = Vi
74 27 15 Vv or Vi per Truth Table
£4,74 025 | 04 oL =4.0mA Ve = Voo Mil,
Vou Output LOW Voltage Vi = Vi or VIR
74 0.35 0.5 \4 IoL = 8.0mA per Truth Tzble
20 pA Voo =MAX. V=27V
4 Input HIGH Current
0.1 mA, Ve =MAX Vi =70V
I Input LOW Current -04 mA Voo = MAX Vg =04V
los Short Circuit Current (Note 1) -20 —100 mA Voo = MAX
lcc Power Supply Cument 10 mA Vee = MAX
e 1 Mol more 130 ane cuiput shoukd De snoned al atine, net 1o More ihan | edind
AC CHARACTERISTICS (Tp = 25°C)
Levels of Limits
Symbol Parameter Detay Min Typ | Max | Unit Test Conditions
tPLH Propagation Delay 2 13 20
1PHL Address to Output 2 27 a1 ns
tp1LH Propagation Delay 3 18 7
tPHL Address to Cutput 3 28 38 ns Vee=50V
tpLH Propagation Defay E{ or E2 2 12 18 CL=135pF
toHL Enable to Output 2 2 32 ns
toLH Propagation Delay E3 3 7 26
tPHL Enable to Output - 3 38 ns
L]
AC WAVEFORMS
: L2y Y
ViN N T P
| P -L'_"I‘_ o
; i
VouT 13v Lagy
Figure 1 Figure 2

FAST AND LS TTL DATA
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MOTOROLA

OCTAL BUFFER/LINE DRIVER
WITH 3-STATE OUTPUTS

The SN54/74LS240, 241 and 244 are Oclal Bufferc and Line Drivers
designed to be employed as memory address drivers, clock drivers and
bus-oriented transmitters/receivers which provide improved PC board

density.
» Hysteresis at Inputs to improve Noise Margins

« 3-State Outputs Drive Bus Lines or Buffer Memory Address Registers

¢ Input Clamp Diodes Limit High-Speed Termination Effects

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)

SN54/74LS240

vee G WY1 281 W2 243 D22 YA 288

[2}[5]

’___J

3150 | 3 I
16 1A1 2Ya 1A2 2¥3 A3 QYR 1AL YY GND
- SN54/74L5244
Voo 260 11 2R W2 283 113 243 iva 24
sl el B I

Do

S

W ATE

RN 3| EXER| IS K| KN EY | EVI K

16 1A1 24 A2 Y3 A3 DD

.

SN564/74L.5240
SN54/74L.5241
SN54/74L.5244

OCTAL BUFFER/LINE DRIVER
WITH 3-STATE OUTPUTS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 738-03

: DV SUFFIX
s soic
PN CASE 751003

ORDERING INFORMATION

SNB4ALSXXXJ  Ceramic
SWN74LSXXAN  Piastic
SN74LSXXXDW SOIC

FAST AND LS TTL DATA
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SN54/741.S5240 « SN54/741.5241 « SN54/74L.5244

TRUTH TABLES

SN54/74L.S240 SN54/741.5244
INPUTS - INPUTS
OUTPUT OoUTPUT
1G, 2G D 1G, 2G D
L L H L L L
L H L L H H
H X ) H X @)
SN54/74LS241
INPUTS INPUTS
OUTPUT OUTPUT
1G D 2G D
L L L H L
L H H H H
H X Z) L X
H = HIGH Voltage Level
L = LOW Vohage Levet
X = immatenial
2 = HIGH impedance
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 54 4.5 5.0 5.5 \Y
74 4.75 5.0 5.26
Ta Operating Ambient Temperature Range 54 -55 25 125 <<
74 [ 25 70
oK Qutput Cutrent — High 54,74 -30 mA
54 -12 mA
74 -15
loL Output Current — Low 54 12 mA
74 24

FAST AND LS TTL DATA




SN54/7T4L.S240 « SN54/74L.S241 « SN54/741.5244

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter " Min Tvp Max Unit Test Conditions
Vil Input HIGH Voltage 2.0 v Z‘,’z";";:ed input HIGH Voltage for
viL input LOW Voltage > Oy f,‘l’fnrﬂ:ed Input LOW Voltage for
74 0.8
VT4+-VT-~ Hysteresis 0.2 04 \ Vee =MIN
ViK Input Clamp Diode Voltage -065 | -15 \ Ve =MIN, Iy =-18mA
64,74 2.4 34 \ Vee =MIN, lpg =-3.0mA
VoH Output HIGH Votage 54,74 2.0 \ Voo = MIN, Igy = MAX
54,74 025 | 04 VvV o =12mA Vce = Vee MIN,
VoL Output LOW Voitage ViN = Vi or Vi
74 0.35 0.5 Y loL =24 mA per Truth Table
lozH Output Off Current HIGH 20 pA Voo =MAX Voyr=2.7V
lozL Output Off Current LOW ~20 pA Voo =MAX VoyT =04V
20 wA (Voo =MAX VIN=27V
IiH Input HIGH Current o1 A Voo MAX V=70V
li. Input LOW Current -02 mA [Voe =MAX Viy=04V
los Output Short Circuit Current (Note 1) | -40 -225 mA  |Voc = MAX
Power Supply Current
Total, Cutput HIGH 27
Total, Output LOW | LS240 44
lcc LS241/244 w6 | ™ |VecEMax
Total at HIGH Z LS240 50
LS241/244 54
Hoiz U Hetmore than ona oulput should be ¢haated 2t atems nor tar mare than 1920004
AC CHARACTERISTICS (Ta = 25°C. Vo =5.0V)
Limits
Symbol Parameter Min Tvp Max Unit Test Conditions
tpLH Prepagation Delay, Data to Output S.9 14
tPHL LS240 12 18 ns
tpiH Propagation Delay, Data to Output 12 18 s CL=45¢F.
tPHL LS241/244 12 18 ) R =667 0
ipZH Cutput Enable Time to HIGH Leve! 15 23 ns
tpzL Output Enable Time to LOW Level 20 30 ns
tpz Output Disable Time front LOW Level 15 25 ns CL=508pF
tprz Output Disable Time from HIGH Level 10 18 ns Ry =6674

FAST AND LS TTL DATA
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SN54/74LS240 « SN54/74LS241 « SN54/741.5244

AC WAVEFORMS

V=
'- 13V l- 13V
Ve 22 |
"‘_'\3- 2VoH
Vout 13V ! Cang
~ ‘ 1 L I'.J ¢

G

[

Figure 4

ViN 13v 13v v
cC
! el il o 8
. v 3V
"\’.)UT \ 13 ] 13 p.L
Figure 1 SW1
. TOOUTRUT Ll
UNCER TEST T
AN
SkQ
o
Figure 2 I
Vi . ‘
o i 13V X!' 13 SWITCH POSITIONS
- ‘r‘——Y— 7L e o2 SYMBOL sSW1 sw2
R s | H ay
VoUT )F 15 P T 13y tpzH Open Closed
" Vol
a5V - pzL Closed Open
Figure 3 =14 Closed Closed
tPHZ Closed Closed
Figure 5
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= FHARRIS

SEMICONDUCTOR !CL; 7@@
12-Bit, Microprocessor-
Compatible A/D Converter

August 1997

Features

« 12-Bit Binary (Plus Polarity and Over-Range) Dual
Slope Integrating Analog-to-Digital Converter

¢ Byle-Organized, TTL Compatible Three-State Outputs
and UART Handshake Mode for Simple Parallel or
Serial interfacing to Microprocessor Systems

¢ RUNMHOLD Input and STATUS Output Can Be Used to
Montitor and Control Converslan Timing

¢ True Differential Input and Differential Reference

e LowNoise (TYP) -.vevrrnniencnnnnenanans 15uVp.p
e nputCurrent (Typ). - cccevevvvenvnnneannioneen 1pA
* Operates At Up to 30 Conversions/s

« On-Chip Osclllator Operates with Inexpensive 3.58MHz
TV Crystal Giving 7.5 Conversions/s for 60Hz Rejection.
May Also Be Used with An RC Network Oscillator for
Other Clock Frequenciles

Ordering Information

TEMP. PKG.

PARTNUMBER | RANGE (°C) PACKAGE NO.
ICL710SMDL -5510 125 |40Ld SBOIP D40.6
ICL7109IDL 251085 |40Ld SBOIP D40.6
ICL71081JL 251085 |40td CERDIP F40.6
ICL7109CPL 01070 40 Ld PDIP £40.6
ICL7109MDL/BB3B |} -5510 125 [40Ld SBDIP D40.6
ICL71091PL 251085 {40Ld PDIP E40.6

Description

The ICL7109 is a high performance, CMOS, low power
integrating A/D converter designed to easily interface with
microprocessors.

The output data (12 bits, polarity and over-range} may be
directly accessed under control of two byle enable inputs and a
chip select input for a single parallel bus interface. A UART
hancshake mode is provided to allow the ICL7109 to work with
industry-standard UARTS in providing serial data transmission.
The RUNHOLD: input and STATUS output allow monitoring
and conlrol of conversion timing.

The ICL7109 provides the user with the high accuracy, low
noise, low drift versatility and economy of the dual-slope
integrating A/D converter. Features like true differential input
and reference, drift of tess than 1uV/°C, maximum input bias
current of 10pA, and typical power consumption of 20mwW
make the ICL7109 an attractive per-channel alternative to
analog multiplexing for many data acquisifion applicaiions.

Pinout
ICL7109
(CERDIP, PDIP, SBOIP)
TOP VIEW
Gno [1] hd [40] v+
sTaTUS [Z] E] REF IN -
POL E [38] REF CAP- ~
or [7] [57] ReF cap+
B12 E 56] REF N+
B11 E E] IN Hi
810 [7] 3] o
B9 E [33] common
B8 [ _':z—z_l INT
87 @ E AZ
86 E 30] sur
B85 E I29] ReF our
B4 E 'E_E] v-
B3 E:' E SEND
82 T3] E] RUNATOLD
. B1 [} 25} suF osc out
TEST 23] oscset
[BER Z3] oscour
HBEN [19] [22] oscin
CEAOAD [20] 21] MODE

File Number 3092.1

CAUTION: These devices are sensitive 1o eleclrostatic dischargs. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1997 5.4



ICL7109

Absolute Maximum Ratings

Positive Supply Voltage (GNDto V+) ...
Negative Supply Voltage (GND to V). ..

Analog Input Voltage (Either Input) (Note 1). ............ V+ioV- CERDIPPackage ...........ccoenvnn 55 16
Reference Input Voltage (Either Input) (Note 1) .......... V+io V- PDIPPackage ......ccovneunrevnnns 50 NA
Digital Input Voltage .. .....oovvnivinniinnnnann.n (V+) 40.3V  Maximum Junction Temperature (PDIP Package).......... 150°C
Ping2-27(Note2) . .....ovviieiiinneianennnnenns GND -0.3V  Maximum Junction Temperature (CERDIP Package) . ... ... 175°C
Maximum Storage Temperature Range .......... -65°C to 150°C

Operating Conditions Maximum Lead Temperature (Soldering 10s Max). .. ...... 300°C
Temperature Range

MSURIX. oot -55°C to 125°C

LT e -259C 10 85°C

(03T 0°C to 75°C

CAUTION: Stresses above those isted in “Absolule Maxinum Ratings® may cause permanen! damage fo the device. This is a stress onfy rafing and operation

Thermal Information
Thermal Resistance (Typical, Note 1)

................... -9V SBOIPPackage..........coovvvnnnn

of tha device at these or any other conditions above those Indicaled in the operational sections ol this specificatbn is not implied.

NOTE:

1. 44 is measured with the component mounted on an evaluation PC board in free air.

Analog Electrical Specifications V+ = +5V,V- = -5V, GND = 0V, T4 = 25°C, fcy « = 3.58MRz,

Unless Otherwise Specified
PARAMETER TEST CONDITIONS J my | Tve J MAX j UNIT

SYSTEM PERFORMANCE

Oscillator Output Current
High. Ogn Vour = 2.5V - 1 - mA
Low. Op Vour =25V - 15 - mA

Buffered Oscillator Output Current
High. BOgy Voyr =2.5V - 2 - mA
Low.BOgpy Vour = 2.5V - 5 - mA

Zero Input Reading Vin = 0.0000V. VRgr = 204.8mV -0000 | 0000 | +0000 Counts

Ratiomeltric Eror Vin = VRee. VRee = 204.8mV {Note 7) -3 - 0 Counts

Non-Linearity Full Scale = 409.6mV 10 2.048mV -1 +0.2 +1 Counts

) Maximum Deviation from Best Straight Line Fit, Over =

Full Operating Temperature Range (Notes 4 and 6) -

Rollover Eror Full Scale = 403.6mV to 2.048V B 0.2 +1 Counis
Ditference in Reacing for Equal Posiiive and Negative
Inputs Near Fult Scale (Notes 5 and 6), Ry = 002

Linearity Full-Scale = 200mV or Full Scale = 2V Maximum - 0.2 1 Counts
Deviation from Best Straight Line Fit {Note 4)

Common Mode Rejection Ratio, CMRR | Vi = 21V, V) = OV, Full Scale = 409.6mV 50 - pvv

Input Common Mode Range, VCMR l.nput HI, Input LO, Common (Note 4) (V) - (V+) v

+2.0 2.0

Noise, eN Vin = 0V, Fult-Scale = 409.6mV - 15 - pv
(Peak-t0-Peak Value Not Exceeded 25% of Time)

Leakage Current Input, Iy Vin = 0V, All Devices at 25°C (Note 4) - 1 10 pA
ICL7109CPL 0°C to 70°C {Note 4) - 20 100 pA,
ICL71091DL -25°C t0 85°C (Note 4) - 100 250 pA
ICL7109MDL -55°C to 125°C - 2 100 nA

Zero Reading Drift Vin = OV, Ry - 002 (Note 4) - 0.2 1 uvlc
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Analog Electrical Specifications Vi = +5V,V- = -5V, GND = OV, Ty = 25°C, fgy = 3.56MHz.

Udless Otherwise Spedified (Continued)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Scale Factor Temperature Coefficient | Viy =408.9mV = > 7770g Reading Ext. Ref. 0ppm/C - 1 s ppm/PC
(Note 4)
REFERENCE VOLTAGE
Ref Cut Voltage, Ve Referred to V+, 25kQ2 Between V+ and REF OUT -24 -28 -3.2 v
Ref Out Ternperature Coefficient 25k Between V+ and REF OUT (Note 4) - 80 - ppm/C
POWER SUPPLY CHARACTERISTICS
Supply Current V+ 10 GND, |+ Vin = 0V, Crystal Osc 3.58VHz Test Cirsuit - 700 1500 LA
Supply Current V+ to V-, Igypp Pins 2 - 21. 25, 26, 27, 29; Open . 700 1500 WA
Dightal Electrical Specifications Vi =45V, V- = -5V, GND = 0V, Ty = 25°C, Unlass Otherwise Specified
PARAMETER - TEST CONDITIONS MIN TYP Max UNIT
DIGITAL QUTPUTS
Output High Voltage, Vou oyt = 100uA Pins 2- 16, 18, 19,20 3.5 4.3 v
Output Low Voltage, Vor loyt = 1.6mA Pins 2 - 16, 18, 19, 20 10.20 | 10.40 \
Output Leakage Current Pins 3 - 16 High Impedance - 10.01 1 A
Control /O Pullup Current Pins 18, 19, 20 Voyt = V+ -3V MODE lnput at GND - 5 - LA
(Note 4)
Control VO Loading e HBEN Pin 19 [BEN Pin 18 (Note 4) - 50 pr
DIGITAL INPUTS g
Input High Voltage. Vi Pins 18- 21,26, 27 Referrad to GND 30 | «- . v
input Low Voltage, Vi Pins 18 - 21, 26, 27 Referred to GND - - 1 \"
input Pull-Up Current Pins 26, 27 Voyt = (V+) -3V - 5 - RA
Input Pull-Up Current Pins 17, 24 Voyr = (V+) -3V 25 . pA
Input Putl-Down Current Pin 21 Voyt = GND +3V - 5 - A
TIMING CHARACTERISTICS
rs

MODE Input Pulse Width, tyy

{Note 4)

| = |

NOTES:

1. input voitages may exceed the supply voltages provided the input current is limited o 1 100pA.

2.

the supply to the ICL7109 be activated first. ,

NoO v AW

. For CERDIP package the Ratiome

. This limit refers 1o that of the package and will not be obtained during normal operation.
. This parameter is not production tested, but is guaranteed by design.

Roll-over error for T = -55°C to 125°C is 10 counts (Max).
A full scale voltage of 2.048V is used because a full scale voltage of 4.096V exceeds the devices Cammon Mode Voltage Range.

tric error can be -4 (Min).

4

Due to the SCR structure inherent in the process used 1o fabricate these devicas, connecting any digitaf inputs or outputs to voltages
greater than V+ or less than GND may cause destructive device latchup. For this reason it is recommended that no inputs from sources
other than the same power supply be applied to the ICL7109 before its power supply is established, and that in multiple supply sysiems
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Pin Descriptions

PIN SYMBOL DESCRIPTION

1 GND Digital Ground, OV. Ground retum for all digital fogic.

2 STATUS Output High during integrate and deintegraie until data is latched. Output Low when analog section
is in Auto-Zero configuration.

3 POL Polarity - HI for positive input. Three-State Output Data Bits

4 OR Overrange - Hi if overranged. Three-State Output Data Bits

5 812 Bit 12 {Most Significant 8it) Three-State Ouiput Data Bits

6 B11 Bit 11 High = True Three-State Output Data Bits

7 B810 Bit 10 High = True Three-State Output Data Bits

8 B9 Bit9 High = True Thraee-State Output Data Bits

e} B8 Bit8 High = True Three-State Output Da‘a Bits

10 B7 Bit7 High = True Three-State Output Daia Bits

11 B6 Bit 6 High = True Three-Staie Qutput Data Bits

12 B5 Bit5 High = True Three-State Output Data Biis

13 B4 Bit 4 High = True Three-State Ouipi Data Sits

14 B3 Bit3 High = True Three-State Output Data Bits

15 B2 Bit 2 High = True {Three-State Output Daa Bits

16 B1 Bit 1 (Least Significant Bit) Three-State Output Data Bits

17 TEST Input High - Normal Operation. Input Low - Sorces all bit outputs high. Note: This input is useo for
test purposes only. Tie high if not used.

18 [BEN Low Byte Enable - With Mode (Pin 21) low, and CELOAD (Pin 20) low, taking this pir low activaies ~

. low order byte outpuis B1 through BS.

With Mode {Pin 21} high, this pin serves as a low byle flag output used in hangshake maode.
See Figures 7, 8, 9.

19 HBEN High Byte Enable - With Mode (Pin 21) low. and CELOAD (Pir 20) low, taking this pin low activates
high order byte outpuis B9 through B12, POL, OR.
With V:ode (Pin 21) high. this pin serves as a high byte flag output usedin handshake mode.
Ses Figures 7, 8. 9,

20 CELOAD Chip Enable Load - With Mode (Pin 21) tow. CEAOAD serves as a masier ouipui enable. Wher
high. B1 through B12, POL, OR outputs are disabied.
With Mode {Pin 21) high. this pin serves as a load sirobe used in handshake mode.
See Figures 7, 8, 9. '

21 MODE tnput Low - Direct output mode where TEZLOAD (Pin 20), ABER (Pin 19) and [BER (Pin 18) act as
inputs diractly controlling byte outpuis.
Input Pulsed High - Causes immediate enry into handshake moce and output of data as in Figure 9.
Input High - Enables CEALOADAPin 20), HBEN (Pin 18}, and TBEN (Pin 18) as oulputs, handshake
mode will be enterec and data output as in Figures 7 and § at conversion completion.

2 0SC IN Osdiliator Input L

23 0OSC QUT Oscillator Qutput

P
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Pin Descriptions (Continued)

PIN SYMBOL DESCRIPTION

24 OSC S&L Osciltator Select - Input high configures OSC IN, OSC QUT, BUF OSC OUT as RC oscillator - clock
will be same phase and duty cydle as BUF OSC OUT.
Input fow configures OSC N, OSC OUT for crystal oscillator - clock frequency wili be 1/58 of
frequency at BUF OSC OUT.

25 BUF OSCOUT | Buffered Osdillator Output

26 RUNHTLD Input High - Conversions continuously performed every 8192 clock pulses.
Input Low - Conversion in progress complated, converter will stop in Auto-Zero 7 counts before
integrate.

27 SEND Input - Used in hancshake mode 10 indicate ability of an external device to accept data. Cornect to
+5V if not used.

28 V- Analog Negative Supply - Nominally -5V with respect to GND (Pin 1).

29 REF OUT Reference Voltage Output - Nominally 2.8V down from V+ (Pin 40).

30 BUFFER Butfer Amplifier Output.

31 AUTO-ZERO Auto-Zero Node - Inside foil of Cpz.

32 INTEGRATOR Integraior Ouiput - Outside foil of Cyyr.

33 COMMON Analog Common - System is Auio-Zeroed 1o COMIMON.

H INPUT LO Differential Input Low Side.

35 INPUT HI Differantial input High Sida.

36 REF IN + Differential Reference Input Pesitive,

37 R=F CAP 4 Reference Capaciior Positive.

38 REF CAP- Reference Capacitor Negative.

39 REF IN- Differential Reference Input Negative.

40 Vs Positive Supply Voltage - Nominally <5V with respeci 1o GND (Pin 1).

NOTE: All digital levels are positive irue.
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Design Information Summary Sheet

OSCILLATOR FREQUENCY
fosc = 0.45/RC
Cosc > 50pF; Rosgc > 50k

fosc (Typ) = 60kHz
of

tosc (Typ) = 3.58MHz Crystal
OSCILLATOR PERIOD

1osc = RC/0.45
tosc = 1/3.58MHz (Crystal)

INTEGRATION CLOCK FREQUENCY

fcLock = fosc (RC Mode)
tCLOCK = f050158 {Crystal)
tcrock = cLock

INTEGRATION PERIOD

T = 2048 X tc oK
60/50Hz REJECTION CRITERION

InTgoHz OF tINTA50H, = Integer
OPTIMUM INTEGRATION CURRENT

liny = 200A

FULL-SCALE ANALOG INPUT VOLTAGE

Vines Typically = 200mV or 2V
INTEGRATE RESISTOR
A Vines

INT 5
INT

INTEGRATE CAPACITOR

O LT
Cinr = B Y 2
INT

INTEGRATOR OUTPUT VOLTAGE SWING

v 2 GG
INT C

INT

ViNT MAXIMUM SWING
(V- + 0.5V) < VINT < (V+ - 0.5V)
ViINT (Typ} = 2V
DISPLAY COUNT
Vin

COUNT = 2048 x 7
REF

CONVERSION CYCLE

loyc = lcLock x 8192
{In Free Run Mode, Run/HOLD = 1)

when fc| ook = 60kHz, {cyc = 133ms
COMMON MODE INPUT VOLTAGE
(V- + 2.0V) < Viy < (V4 - 2V)
AUTO-ZERO CAPACITOR

0.01F < Caz < 1ptF

REFERENCE CAPACITOR

0.1uF < Crgr < 1pF

VREF

Biased between V+ and V-

VRer = Vi - 2.8V

Regulation fost when V3 to V- £ 6.4V,
it Vrer is not used, float output pin.

POWER SUPPLY: DUAL t5.0V

Vi =45V10 GND
V- = -5V 10 GND

OUTPUT TYPE

Binary Amplitude with Polarity and Overrange Bits
Tips: Always tic TEST pin HIGH.
Don'tleave any inputs floating.

Typical Integrator Amplifier Qutput Waveform (INT Fin)

AUTO ZERO PHASE l
(COUNTS) i
6143 - 2048 |

A — — o —

;
|
PHASEFIXED |
2048 COUNTS '

{

DE-4NTEGRATE PHASE !
0 - 4095 COUNTS l
|

TOTAL CONVERSION TIME = 8192 x to oci (IN FREE-RUN MODE)
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OuUTPUT IM5403 ICL7109
CHMOS UART CMOS AD CONVERTER

FOR LOWEST POWER CONSUMPTION
TBR1 - TBRE INPUTS SHOULD HAVE 100k}
PULLUP RESISTORS TO +5V

FIGURE 1A. TYPICAL CONNECTION DIAGRAM UART INTERFACE-TO TRANSKMIT LATEST RESULT, SEND ANY WORD TO UART
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+5V —E Ve A

XTALY XTAL2
+5v 1}jT0 ano —{T]6ND REF IN - [38}——————a - GND
4| RESET +sv —{i7|TesT REF CAP- [36}— wr EXTERNAL
518S REF CAP+ E_J_ REFERENCE
6 | INT 2124 REF IN+ 3{5[-———«:4Q .
- ™
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P20 - P27 e icL7109 R £ vy * nput
oTHER INLO |3 -
o
Gno —f7) €A pracey | COMMON %l——%: GNO
8jwaR NT [T ————
5748/9048 Caz 0.15uF
713 PSEN Az |3TH ©.33F i
—[]ate P13 |30} {B}RuNFDLD BUF [30}o—mt
RiNT  20K(: 0.2V REF
551 71 INT
+sv —{fz5| PROG P12 g {z]status  ReF OUT |75} 200K1? 2V REF
+5V —J38] Voo p11 (28] {i8}iBEN v EIZ}—- sV
P10 (77} —[is|WEEN SEND [ZT}— +5v
+5v —J33] TL — —
RUN/HOLD [26}— +5V OR OPEN
+sv —fa0 vee 4 R BUFF OSC OUT |25
5 B9-812,  OSCSEL[ZA}— GND
POL,OR
. osc oyt 7_3-}———_,_
1219 f— 8, e-16 3.58MH2
DD - DB7 ¥ ~ +_le1-88 0SC IN E—l__r‘:‘ CRYSTAL
ono —{zo} GNo RO E“ hid {20|cencas mooe [Zi}—

FIGURE 1B. TYPICAL CONNECTION DIAGRAM PARALLEL INTERFACE WITH 8048 MICROCOMPUTER

FIGURE 1,




-

hidhan -

ICL7109

Defailed Description

Analog Section -

Figure 2 shows the equivalent circuit of the Analog Section
for the ICL7109. When the RUN/HOLD input is lefl open or
connected fo V+, the dircuit will perform conversions at a
rate determined by the clock frequency (8192 dlock periods
per cycle). Each measurement cydle is divided into three
phases as shown in Figure 3. They are (1) auto-zero {(A-Z),
{2) signal integrate {INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First, input high and
low are disconnected from the pins and intemally shorted to
analog COMMON. Second, the reference capacitor is
charged to the reference voitage. Third, a feedback loop is
closed around the system to charge the auto-zero capaditor
Caz 1o compensate for offset voltages in the buffer amplifier,
imegrator, and comparator. Since the comparator is included
in the loop, the A-Z accuracy is limited only by the noise of
the system. In any case, the ofiset referred to the input is
less than 10uV.

Signal Integrate Phase

During signal integrate, the auto-zero loop is opened, the
internal short is removed, and the intemal input high and low
are connected to the extemal pins. The converier then
integrates the differential voliage between IN HI anc IN LO
for a fixed time. This differential voltage can be within a wide
common mode range of the inputs. At the end of this phase,
the polarity of the integrated signal is determined.

De-Integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is internally connected 1o analog COMMON and input
high is connecled across the previously charged (during
auto-zero) reference capacitor. Circuitry within the chip
ensures that the capacitor wilf be connected with the correct
polarity to cause the integrator output to retum to zero cross-
ing (established in Auto-Zero) with a fixed slope. The time
required for the output 1o retum to zero is proportional o the
input signal.

Ditferential Input

The input can accept differential voltages anywhere within the
common mode range of the input ampilifier, or specifically from
1V below the positive supply to 1.5V above the negative sup-
ply. In this range, the system has a CMRR of 86dB typical.
However, care must be exercised to assure the integrator out-
put does not saturate. A worst case condition would be a large
positive common mode voltage with a near full-scale negative
differential input voltage. The negative input signal drives the
integrator pasitive when most of its swing has been used up
by the positive common mode voltage. For these critical appli-
cations the integrator ouiput swing can be reduced to less
than the recommended 4V full scale swing with litlie loss of
accuracy. The integrator output can swing 1o within 0.3V of
either supply without loss of linearity.

Crer RiNT
It
” Y Tee 1
= Caz L Gt
Cres*| REF IN+ REFIN-] Cpep.  BUFFER AZ INT
kel 36 39 36 30 31 32
COMPARATOR
A2 A-Z TO ZERO CROSS
R »-+ DETECTOR
DIGITAL SECTION
35 BUFFER INTEGRATOR
HI >—®
IN [ A-Z®
INT DE- DE+ _
AZ o—
10;,A INT e FROA CONTROL
AZ LOGIC
DE+ e——— DIGITAL SECTION
DE- e—
33 ¢ DE+ DE- 6.2V
COMMON ¢ 5 'S
AZ
DE|
w 1)
INLO fr—@ :
INT
29 28 40
REF OUT V- Ve

FIGURE 2. ANALOG SECTION OF ICL7109
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The KCL7109 has, however, been optimized for operation
with analog common near digital ground. With power sup-
plies of +5V and -5V, this allows a 4V fufl scale integrator
swing positive or negative thus maximizing the performance
of the analog section.

Differential Reference

The reference vollage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a rll-over voltage caused by the
reference capacitor losing or gaining charge io stray capacity
on its nodes. if there is a large common mode voliage, the rel-
erence capacitor can gain charge (increase voltage} when
called up to deinlegrale a positive signal but lose charge
{decreasc voltage) when called up to deintegrale a negative
input signal. This difference in reference for positive or
negative input voltage will give a roll-over error. However, by
selecting the reference capacitor large enough in comparison
to the stray capacitance, this error can be held1o less than 0.5
count worst case. (See Component Value Selection.)

The roli-over error from these sources is minimized by having
the reference common mode vollage near or at analog
COMMON.

Component Value Selection

For optimum performance of the analog section, care must
be taken in the selection ot values tor the integrator capacitor
and resistor, aulo-zero capacitor, reference voltage, and
conversion rate. These values must be chosen o suit the
panicular application.

The most important consiceration is that the integrator out-
put swing (tor full-scale input) be as large as possibte. For
example, with £5V supplies and COMMON connecied to
GND, the normal integrator output swing at full scale is £4V.
Since the integrator output can go 10 0.3V from either supply
without significantly atfecting linearity, a 4V integrator oulput
swing allows 0.7V for variations in output swing due o com-
ponent value and oscillator tolerances. With £5V supplies
anc a comnion moce range of +1V required, the component
values shoulcd be selected to provide +3V infegrator output
swing. Noise and roll-over will be slightly worse than in the
14V case. For larger common mode voltage ranges, the inte-
grator oulput swing must be reduced further. This will
increase both noise and roll-over errors. To improve the per-
formance, supplies ot t6V may be used.

integrating Resistor

Both the butfer amplifier and the integrator have a dass A output
stage with 100pA of quiescent current. They supply 20uA of
drive current with negligitle nonlinearity. The integrating resistor
should be large enough to remain in this very linear region over
the input vollage range, but small enough that undue leakace
requirements are not placed on the PC boand. For 409.6mV full-
scale, 200k} is near optimum and similady a 20k for a
409.6mV scale. For other values of full scale voltage, RinT
showutd be chosen by the relation :

_ full scale voltage

RINT = 20pA

Teflon™ is a trademark of DuPont Cormporation

Integrating Capacltor

The inlegrating capacitor Cyyt should be selected to give the
maximum volfage swing that ensures tolerance build-up will
not saturate the integralor swing {approximately. 0.3V from
efther supply). For the ICL7102 with +5V supplies and analog
common connected to GND, a +3.5V to 4V infegratfor output
swing is nominal. For 71/2 conversions per second (61.72kHz
clock frequency) as provided by the crystal oscillator, nominal
values for Gyt and Caz are 0.15(LF and 0.33)F, respectively.
if different clock frequencies are used, these values should be
changed to maintain the integrator output swing. In general,
the value Gy is given by:

c - (2048 x dlock pariod)(20pA)
INT ™ integrator ouipul voltage swing ™

An additional requirement of the integrating capacitor is that
it have low dielectric absorption o prevent roll-over errors.
While other types of capacitors are adequate for this applica-
fion, polypropylene capacitors give undetectable errors at
The infegrating capacitor should have a low dielectric
absorption 1o prevent roll-over errors. While other types may
be adequate for this application, polypropylenc capacitors
give uncelectable errors at reasonable cost up fo 85°C.
Teflon™ capacitors are recommended for the military tem-
perature range. While their dielectric absorption characteris-
tics vary somewhat from unit to unit, sefectec devices should
give less than 0.5 count of error due 1o diclectric abserption.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system: a smaller physical size and a larger
capacitance value lower thie overall system noise. However,
Gaz cannot be increased without limits since i, in paralle!
with the infegrating capacitor forms an R-C time constant
that cetermines the speed of recovery from overloads ang
the error that exists at the end of an auto-zero cycle. For
409.6mV full scale where noise is very imporant and the
integrating resistor small, a value ot Caz twice CNT is opti-
mum. Similarty for 4.096V full scale where recovery is more
imporiant than noise, a value of Caz equal fo half ot CyyT is
recommended.

For optimal rejection ot stray pickup, the outer foil of Caz
should be connecled to the R-C summing junction and the
inner foil to pin 21. Similarly the outer foil of Gyt should be
connected o pin 32 and the inner toil 1o the R-C summing
junction. Teflon, or equivalent, capacitors are recommended
above 85°C for their low leakage characteristics.

Reference Capacitor

A 1uF capacitor gives good results in most applications.
However, where a large reference common mode voltage
exists (i.e., the reference low is not at analog common) and a
409.6mV scale is used, a large value is required {o prevent
roll-over error, Generally 10uF will hold the roll-over error 1o
0.5 count in this instance. Again, Teflon, or equivalent capac-
itors should be used for temperatures above 85°C for their
low leakage characteristics.
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Reference Voltage

The analog input required 1o generate a full scale output of
4096 counts is Vi = 2VRper. For normalized scale, a refer-
ence of 2.048V should be used for a 4.096V full scale, and
204.8mV should be used for a 0.4096V full scale. However,
in many applications where the A/D is sensing the output of
a transducer, there will exist a scale factor other than unity
between the absolute output vollage 1o be measured and a
desired digital output. For instance, in a weighing system,
the designer might like 1o have a full scale reading when the
voltage from the transducer is 0.682V. Instead of driving the
input down to 409.6mV, the input voltage should be mea-
sured directly and a reference voltage of 0.341V should be
used. Suitable values for integrating resistor and capacitor
are 33kQ and 0.15uF. This avoids a divider on the input.
Another advantage of this system occurs when a zero read-
ing is desired for non-zero input. Temperature and weight
measurements with an offset or tare are exarnples. The off-
set may be introduced by connecting the voltage output ot
the transcucer between common and analog high, and the
offset voltage between common and analog low, observing
polarities carefully. However, in processor-based systems
using the ICL7108, it may be more efficient to perform this
type ot scaling or tare subtracfion digifally using sottware.

Reterence Sources

The siability of the reference voltage is a major factor in the
overall absolute accuracy of the converter. The resolution of
the ICL7102 at 12 bits is one part in 4096, or 244ppm. Thus
it the reference has a temperature coefficient of 86ppm/A°C
{onboard reference) a temperature ditference of 3°C will
infroduce a one-bit absolute error.

For this reason, il is recommendec that an external high-
quality reterence be used where the ambient temperature is
not controlled-or where high-accuracy absolule measure-
ments are being made.

POLARITY

DETECTED ~..

INTEGRATOR
ouTPUT | I

}«—- AZ FHASE | -—-H«--INT PHASE I —»dt-—— -}

mmm

INTERNAL CLOCK

i
!

The iCL7109 provides a REFerence OUTput (Pin 29) which
may be used with a resistive divider 1o generate a suitable
reference voltage. This output will sink up 1o about 20mA
without significant variation in output voltage, and is provided
with a pullup bias device which sources about 10itA. The
output vollage is norninally 2.8V below V¢, and has a tem-
perature coefficient of +80ppm/°C (Typ). When using the
onboard reference. REF OUT (Pin 29) should be connected
to REF- (Pin 39), arid REF+ should be connected o the
wiper of a precision potentiometer between REF OUT and
V+. The circuit for a 204.8mV reference is shown in the test
circuit. For a 2.048mV reference, the fixed resistor should be
removed, and a 25k(2 precision potentiometer between REF
OUT and V+ should be used.

Note that if Pins 29 and 39 are fied together and Pins 39 and
40 accidentally shorled {c.g., during testing), the reference
supply will sink enough curent to destroy the device. This can
be avoided by placing a 1k{2 resistor in series with Pin 39.

Detailed Description
Digital Section

The cigital section includes the clock oscillator and scaling
ci-cuit, a 12-bit binary counter with output latches and TTL-
compztitle three-stale output drivers, polarity, over-range
and control logic, and UART handshake logic, as shown in
Figure 4.

Throughout this oescription, logic levels will be reterred 1o as
“low” or “high”. The actual logic levels are defined in the Elec-
tacal Specifications Table. For minimum power consumption,
all inputs shoulg swing from GND (low) to V+ (high). Inputs
criven fromm TTL gates should have 3-5kQ pullup resistors
added for maximum noise immunity.

ZERO CROSSING

" 2ERO CROSSING
4 ,/DETECTED ]

A DEINT PHASE | ——>t=- AZ -l

' n

1
i
i ! . N
INTERNAL LATCH t T - / +
| I | ; 1 |

STATUS OUTPUT ' i 1
] ]
I | |
l‘ 2048 COUNTS »l FIXED 2048 | i 4096 COUNTS t

MINIMURM ~— counts® —*1 N MaX @
| BN !
/ AN
/ AFTER ZERO CROSSING
/ ANALOG SECTION WILL.
e BE IN AUTOZERO

NUMBER OF COUNTS TO ZERO CROSSING /
PROPORTIONAL TG V)

CONFIGURATION

FIGURE 3. CONVERSION TIMING (RUN/HOLD PIN HIGH)
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MODEInput

The MODE input is used to control the output mode of the
converter. When the MODE pin is low or left open (this input
is provided with a pulldown resistor to ensure a low level
when the pin is left open), the converter is in ifs “Direct” out-
put mode, where the output data is directly accessibie under
the conitrol of the chip and byte enable inputs. When the
MODE input is pulsed high, the converter enters the UART
handshake mode and oufpuis the data in two bytes, then
returns {0 “direct” mode. When the MODE input is left high,
the converter will output data in the handshake mode at the
end of every conversion cycle. {See section entilled *Hand-
shake Mode" for further details).

HIGH ORDER
BYTE OUTPUTS

—._l..—

86 6 B BB B B B B B

STATUS Qutput

During a conversion cyde, the STATUS output goes high at
the beginning of Signa! Integrate (Phase II), and goes low
one-halt dock period afler new data from the conversion has
been stored in the output laiches. See Figure 3 for of this tim-
ing. This signal may be used as a “data valid” flag (data never
changes while STATUS is fow)} to drive interrupts, or for
monitoring the status of the converter.

RUN/HOLD tnput

When the RUN/HOLD input is high, or ieft open, the circuit will
confinuously perform conversion cycles, updating the output
latches afier zero crossing during the Deintegrate {Phase i)
portion of the conversion cycle {See Figure 3). In this mode of
operation, the conversion cycle will be performed in 8192
clock periods, regardless of the resufting vaiue.
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FIGURE 5. RUN/HOLD OPERATION
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If RUNHOLD goes low at any me during Deintegrate {Phase
111y after the zero crossing has occurred, the circit will imme-
dialely terminate Deintegrate and jump to Aufo-Zero. This fea-
ture can be used o eliminate the time spent in Deintegrate
after the zerocrossing. If RUN/HOLD slays or goes low, the
converier will ensure minimum Auto-Zero time, and then wait
in Auto-Zero until the RUN/HOLD input goes high. The con-
verter will begin the Integrate {Phase I} portion of the next
conversion {and the STATUS output will go high) seven dock
periods after the high level is detected at RUN/HOLD. See
Figure 5 for details.

Using the RUN/HOLD input in this manner allows an easy
“convert on demand” interface to be used. The converier may
be held at idle in auto-zero with RUNHOID low. When
RUN/HOLD goes high the conversicn is started, and when
the STATUS output goes low the new data is valid {or trans-
ferred to the UART: see Handshake Mode}. RUN/HOLD may
now be taken low which lerminates deintegrate and ensures a
minimum Auto-Zero time before the nexi conversion.

Allernately, RUN/HOLD can be used to minimize conversion
fime by ensuring that it goes low during Deintegrate. afier zero
crossing, and goes high after the hold point is eachec. The
required activity on the RUN/HOLD input can be providec by
connecling it to the Butfered Oscillator Output. In this mode
the conversion fime is dependent on the input value
measured. Also refer 1o Harrds Application Note AN0O32 for a
discussion of the effects this will have on Auto-Zero
performance.

If the RUN/HOLD input goes low and stays fow guring Aute-
Zero {Phase ), the converter will simply stop at the end of
Auto-Zero and wait for RUN/ROLD 1o go high. As above. Inte-
grate (Phase i) begins seven dock periods after the high level
is detecled.

Direct Mode

When the MODE pin is left at a low level, the data oulputs
(bits 1 through 8 low order byte, bits 9 through 12, polarity and
over-range high order byle) are accessible under control of
the byte and chip enable terminals as inputs. These three
inputs are all active low, and are provided with pullup resistors
to ensure an inactive high level when lefi open. When the chip
enable input is low, 1aking a byle enable input fow will aliow
the outputs of that byle to become active (three-stated on).
This allows a variety of paraliel data accessing technigues 1o
be used, as shown in the section entitled “Interfacing.” The
fiming requirements for these outputs are shown in Figure 6
and Table 1.

It should be noted that these control inputs are
asynchronous with respect 1o the converier clock - the data
may be accessed at any time. Thus il is possible {o access
the latches while they are being updated, which could lead to
erroneous data. Synchronizing the access of the laiches
with the conversion cycle by monitofing the STATUS output
will prevent this. Data is never updated while STATUS is low.

TABLE 1. DIRECT MODE TIMING REQUIREMENTS
(See Note 4 of Electrical Specifications}

DESCRIPTION | SYmMBoL | MIN | TYP | MAX | UNITS

Byte Enable 350 § 220 - ns

Width

teea

Data Access 210 350 ns

Time from Byte
Enable

lpas -

Data Hold Tune
from Byte
Enable

oHe

Chip Enable 400 | 260 - ns

Width

CEA

Data Access 260
Time from Chip

Enable

pac -

Data Hold Time 240 400 rs
from Chip

Enable

PHC

CEALOAD
ASINPUT

HBEN §
ASINPUT E

L(BEN
AS INPUT B
|<- HB
HGHBYTE ___ _ LY|PATAIN | L Lt - o DATA'-.
DATA VALID VALID
2= tpac > < > L
LOW BYTE tore
T I L -
DATA - =l VALID |

a = » = =HIGH IMPEDANCE
FIGURE 6. DIRECT MODE OUTPUT TIMING

Handshake Mode

The handshake output mode is provided as an altemative
means of interfacing the ICL7109 to digital systems where the
A/D converter becomes active in controlling the fiow of data
instead of passively responding to chip and byle enable
inputs. This mode is specifically designed to allow a direct
interface between the ICL7109 and industry-standard UARTS
(such as the Harris IM6402/3) with no external logic required.
When triggered into the handshake mode, the ICL7109 pro-
vides all the control and flag signals necessary 1o sequentially
transfer two bytes of data into the UART anc iniliate their
transmission in serial form. This greatly eases the task and
reduces the cost of cesigning remote data acquisition stations
using serial data transrnission.
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Entry into the handshake mode is controlled by the MODE pin.
When trre MODE terminal is held high, the ICL7109 wili enter
the handshake mode afier new data has been stored in the out-
put latches at the end of a conversion (See Figures 7 and 8).
The MODE terminal may also be used to trigger entry into the
handshake mode on demand. At any time during the conver-
sion cycle, the low to high transiiion of a shorl pulse at the
MODE input will cause immediate entry into the handshake
mode. It #his pulse occurs while new data is being stored, the
entry info handshake mode is delayed untit the data is stable.
While the converter is in the handshake moce, the MODE input
is ignored, and although conversions will still be performed,
data updating will be inhibited (See Figure 9} until the converter
completes the oulput cycle and clears the handshake mode.

When the converter enters the handshake mode, or when the
MODE input is high, the chip and byle enable terminals
become TTL-compatible outputs which provide the control
signals for the output cycle {See Figures 7, 8, and 8}.

In handshake mode, the SEND input i5 used by the converter
as an indication of the ability of the receiving device {such as
a UART} to accept data.

Figure 7 shows the sequence of the output cycle with SEND
held high. The handshake mode (Interna! MODE high} is
enfered afler the dala latch pulse, and since MODE remains
high the CE/LOAD, LBEN and HBEN terminals are aclive as

ZERO CROSSING

OCCURS  7ep0 CROSSING

INTEGRATOR yud -~ DETECTED

ouTPUT

outputs. The high level at the SEND input is sensed on the
same high to fow intemal clock edge that terminates the data
latch putse. On the next low to high intemal clock edge the
CE/LOAD and the RBEN outputs assume a low level, and the
high-order byte (Bits 9 through 12, POL, and OR) oulputs are
enabled. The CE/LOAD output remains low for one tull intfemal
clock period only, the data outputs remain active for 11/2 inter-
nal clock periods, and the high byte enable remains low for two
clock periods. Thus the CE/LOAD output low level or low 1o
high edge may be used as a synchronizing signal to ensure
valid data, and the byte enable as an output may be used as a
byte identification flag. With SEND remaining higch the con-
verter completes the output cydle using CE/LOAD and [BEN

‘while the low order byle outputs {bits 1 through 8} are activated.

The handshake mode is terminated when both byles are sent.

Figure 8 shows an output sequence where the SEND input is
used to delay portions of the sequence, or handshake fo ensure
correc! data transfer. This timing diagram shcws the relation-
ships that occur using an industry-standard iM6402/3 CMOS
UART to interface 1o serial data channels. in this interface, the
SEND input to the ICL7109 is driven by the TBRE (Transmitier
Buffer Register Empty) output ot the UART, and the CE/LOAD
terminal of the ICL7109 drives the TBRL (Transmitter Butfer
Register Load) input 1o the UART. The data outpuls are pa-al-
leled into the eight Transmitter Butfer Register inputs.

INTERNAL I l 1

INTERNAL
LATCH

CLOCK
J.___.

STATUS
ouTPUT

MODE
INPUT MODE HIGH ACTIVATES

UART TERGAD, RBEN, LBEN

TERMINATES

INTEBNAL NORM

MODE | SEND

[~ SENSED ~—_

UART MODE

SENO
SENSED \ ///

SEND
INPUT

CELOAD &

L—1

MODE LOW, NOT A

\
HIGH BYTE

DATA \

DATA VALID

IN HANDSHAKE MODE .~ -

< OISABLES OUTPUTS CELOAD, HBEN, LBEN

g
.,

LOW BYTE

DATA VALIO

DATA

=DON'T CARE

= THREE-STATE HIGH IMPEDANCE

e = ==« = THREE-STATE WITH PULLUP

FIGURE 7. HANDSHAKE WITH SEND HELD HIGH
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Assuming the UART Transmitter Buffer Register is empty, the
SEND input will be high when the handshake mode is entered
after new data is stored. The CE/LOAD and HBEN terminals will
go low afler SEND is sensed, and the high order byte outputs
become active. When CE/LOAD goes high at the end of one
dock period, the high order byte data is clocked into the UART
Transmitter Buffer Register. The UART TERE output will now go
low, which halts the output cycle with the HBEN output low, and
the high order byte outputs active. When the UART has frans-
ferred that data to the Transmitler Register and cleared the
Transmitter Butfer Register, the TBRE retums high. On the next
ICL7109 intemal clock high to low edge, the high order byte out-
puts are disabled, and one-half intemal clock later, the HBEN
output refurns high. At the same time, the CEAOAD and LBEN
outputs go low, and the fow order byte outputs become active.
Similary, when the CE/LOAD returns high at the end of one
dock period, the low order data is clocked into the UART Trans-
miitter Buffer Register, and TBRE again goes low. When TBRE
refurns to a high it will be sensed on the next ICL7103 intemal
clock high fo low edge, dJisabling the data ouiputs. One-halt
internal clock fater, the handshake mode will be cleared, and the
CE/LOAD, HBEN and LBEN terminals return high and stay
inactive {as long as MODE stays high).

With the MODE input remaining high as in these examples,
the converter will output the results of every conversion
except those completed during a handshake operation. By
triggering the converter into handshake mode with a low to
high edge on the MODE input, handshake output
seguences may be performed on demand. Figure 9 shows

ZERO CROSSING
occuns
‘ ZERO CROSSING
DETECTED

Ve

Ve
s

INTEGRATOR ¥

OUTPUT

a handshake output sequence friggered by such an edge.
In adoition, the SEND inputis shown as being low when the
converter enters handshake mode. In this case, the whoie
output sequence for the first (high order) byte is similar to
the sequence for the second byte. This diagram also shows
the output sequence taking longer than a conversion cycle.
Note thatl the converter still makes conversions, with the
STATUS output and RUN/HOLD input functioning normally.
The only difference is that new data will not be latched
when in handshake mode, and is therefore lost.

Oscillator

The ICL7109 is provided with a versalile three temminal
osdillator o generate the internal clock. The oscillator may be
overdriven, or may be operated with an RC network or crystal.
The OSCILLATOR SELECT input changes the internal conligu-
ration of the oscillator 1o optimize it for RC or crystal operation.

When the OSCILLATOR SELECT input is high or left open
{the input is provided with a puilup resistor), the oscillator is
configurec for RC operation. and the internal clock will be of
the same frequency ano phase as the signal at the
BUFFERED OSCILLATOR OUTPUT. The resistor and capac-
flor should be connected as in Figure 10. The circuit wilf oscil-
fate at a frequency given by f = 0.45/RC. A 100kQ) resistor is
recommended for usefu! ranges ot frequency. For optimum
60Hz line rejection, the capacitor value should be chosen
such that 2048 clock periocs is close fo an integral multiple of
the 60Hz perioc (but should not be {ess than 50pF).
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|
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T
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-
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FIGURE 8. HANDSHAKE - TYPICAL UART INTERFACE TIMING
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When the OSCILLATOR SELECT input is fow a feedback
device and output and input capacitors are added to the oscil-
lator. In this configuration, as shown in Figure 11, the oscillator
will operate with most crystals in the 1MHz 1o 5MHz range
with no external components. Taking the OSCILLATOR
SELECT input low also inserts a fixed +58 divider circuit
between the BUFFERED OSCILLATOR OUTPUT and the
internal dock. Using an inexpensive 3.58MHz TV crystal, this
division ratio provides an integration time given by:

tiNT = (2048 clock periods} x {tcL ock) = 33.18ms where:

' _ 58
CLOCK ™ 3358MHZ

This time is very dose 1o iwo 60Hz periods or 33ms. The
error is less than one perceni, which will cive better than
400dB 60Hz rejection. The converter will operate reliably at
conversion rates of up to 30 per second, which corresponds
to a clock trequency of 245.8kHz.

It at any tiine the oscillator is 1o be overdriven, the overdriv-
ing signal should be applied at the OSCILLATOR INPUT,
and the OSCILLATOR OUTPUT shouid be left open. The
internal dock will be of the same frequency, duty cycle, and
phase as the input signal when OSCILLATOR SELECT is

POSITVE TRANSITION CAUSES
ENTRY INTO
UART MODE

left open. When OSCILLATOR SELECT is at GND, the clock
will be a factor of 58 below the input frequency.

When using the ICL7109 with the IM6403 UART, it is
possible 10 use one 3.58MHz crystal for both devices. The
BUFFERED OSCILLATOR OUTPUT ot the ICL7109 may be
used to drive the OSCILLATOR INPUT of the UART, saving
the need for a second crystal. However, the BUFFERED
OSCILLATOR OUTPUT does not have a great deal of drive
capabilily, and when driving more than one slave device
external buffering shouid be used.

Test Input

When the TEST input is taken 10 a level haltway between V+
and GND, the counter output laiches are enabied, allowing
the counter contents to be examined anytime.

When the RUN/MOLD is low and the TEST input is
connecled o GND, the counter outputs are all forced into the
high state, and the internal clock is disabled. When the
RUN/HOLD returns high anc the TEST input returns to the
1/2 {V+ - GND) voltage {(or fo V+) anc one clock is applied, all
the counter outpuls will be clocked 1o the low staie. This
allows easy testing of the counter and its outputs.
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FIGURE 9. HANDSHAKE TRIGGERED BY MODE
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Test Circuit
GND oo ™ Ve '_E_o'}—o*SV
—{Z|sTatus  ReFIN- %}——————a-
—{3]ror REF CAP- @1., . DIFFERENTIAL
—{]onr REF Caps [T} REFERENCE
HIGH
oroer | —{5|B12 REF IN+ 36 +
d wma Rl
BYTE —{E B11 INHI {35 INPUT HIGH
OUTPUTS 0.014F
71818 INLO 34 INPUT LOW
8|89 COMMON {33 = GNO
INT
9|88 Nt B }———{
Caz 0.15uF
—{ig] 87 Az [STHp———4
0.33uF
Low RiNTY
oroer | —{1Z} 65 REF OUT [28}————g——0 REFIN-
ourbnns |~ 4
>
—ales SEND |Z7}—  1kn SO REFIN «
P
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2k’
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BYTE i L_Bfi 0SC OUT [Fi}mr———y 3.6785MH2
CC::;S?; -—F_'; BEN oscin E—_—‘__TD TV CRYSTAL
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Ryt = 20k12 FOR 0.2V REF
= 200k FOR 2.0V REF
Typical Applications o

Direct Mode Interfacing

Figure 12 shows some of the combinations of chip enable
and byte enable control signals which may be used when
interfacing the ICL7109 1o paralle! data lines. The CE/LOAD
input may be tied low, allowing either byle to be controllea by
its own enable as in Figure 12A. Figure 12B shows a config-
urafion where the two byte enables are connecled fogeiher.
in this configuration, the CE/LOAD serves as a chip enable,
and the HBEN and LBEN may be connected to GND or
serve as a second chip enable. The 14 daia oulputs will all
be enabled simultaneously. Figure 12C shows the HBEN
and UBEN as flag inputs, ana CE/LOAD as a master enable.
which could be the READ strobe available trorn rost micro-
processors.

Figure 13 shows an approach tfo interfacing several
ICL7108s 1o a bus, connecling the HBEN and UBEN signals
of several converters together, and using the CE/LOAD
inputs {perhaps cecode from an address} 1o select the
desired converter.

Sorme practical circuits utilizing the parallel three-staie oulput
capabilities of the ICL710Q9 are shown in Figures 14 through
19. Figure 14 shows a straightforward application to the Intel
8048/80/85 microprocessors via an 8255PPl, where the
ICL7109 data outputs are active at ali times. The VO ports of
an 8155 may be used in the same way. This intetface can be
used in a read-anytime mode, although a read performed
while the data latches are being updated will lead t0
scrambled data. This will occur very rarely, in the proportion of

set-up skew times to conversion time. One way 10 overcome
this is 10 read the STATUS output as well, and it it is high, reac
the data again atier a delay of rnore than ‘/2 converier clock
period. It STATUS is now low, the second reading is corredt,
and if it is stili high, the first reading is correct. Alternatively.
this fiming problem is completely avoided by using a reac-
afier-update sequence, as shown in Figure 15. Here the high
{o low transition of the STATUS output crives an inferrupt to
the microprocessor causing it 10 access the data latches. This
application also shows the RUNHOLD input being used 1o ini-
tiate conversions under soflware control,

A similar interface to Motorola MC6800 or Rockweli R650X
systems is shown in Figure 16. The high to low transition ot
the STATUS output generates an interrupt via the Control
Rugister B CB1 finc. Note that CB2 contrals the RUNHOLD
pin through Contro! Register B, aliowing sofiware-controlleo
initiation of conversions in this sysiem as well.

Thé three-state output capability of the {CL7109 allows cirect
infertacing 1o most microprocessor busses. Examples of this
are shown in Figures 17 and 18. It is necessary 1o caretully
consider the systemn in this type of interface, to be sure that
requirements for setup ang hold times, and minimum pulse
widths are met. Note also the drive limitations on long buses.
Gene-ally this type of interface is only favorec it the memory
peripheral address density is low so that simple acdress
decoding can be used. Interrupt handling can also requie
many addifional components, and using an interface device
will usually simplify the system in this case.
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