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Abstract

Measurement system for basic semiconductor devices is constructed within this project.
Measurement results, which are current-voltage (I-V) characteristics and extracted device
parameter, are displayed via develop software with graphic user interface. Considered basic
electronic device are general purpose silicon diode (1N4001), bipolar junction transistors of both
type, i.e., npn (2N2222A) and pnp (2N2309). AVR-family microcontroller is used for receiving
input voltage and sending them to a computer. The analysis of measurement result is done with a
routine written in MATLAB program. Result from this system, which are graphs of measured-

device I-V characteristics, are comparable to the referent data from device datasheet.
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FIUNYNAN Main

function varargout = Main(varargin)
gui_Singleton = I;
gui_State = struct('gui Name',  mfilename, ...
'gui_Singleton', gui Singleton, ...
'gui_OpeningFen', @Main_OpeningFcn, ...
'gui_OutputFen', @Main_OutputFen, ...
‘sui_LayoufiFen', {1, ...
'‘gui_Caliback’, []);
if nargin && ischar(varargin{l})
gui_State.gui_Callback = str2func(varargin{1});
end
if nargout
| [varargout{1:nargoui}] = guiﬁmainfcn(éuiﬁState, \;'arargin{ O
else
gui_mainfen(gui_State, varargin{:});
end
function Main_OpeningFen(hObject, eventdata, handles, varargin)
handles.output = hObject;
guidata(hObject, handles);
function varargout = Main_OutputFen{hObject, eventdata, handles)
varargout {1} = handles.output;
function pushbuttonl_Callback(hObject, eventdata, handles)
Diode;
close(gebf)
function pushbutton2_Callback(hObject, eventdata, handles)
transistor;

close(gecbf)
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function varargout = Diode(varargin)

gui_ Singleton = 1;

gui_State = struct('gui_Name',  mfilename, ...
'gui_Singleton', gui_Singleton, ...
'gui_OpeningFen', @Diode OpeningFen, ...
'gui_OQutputFen', @Diode_OutputFen, ...
‘eui_LayoutFen', [1, ...
'gui_Callback', [D;

if nargin && ischar(varargin{1})

gui State.gui_Callback = str2func(varargin{1});

end

if nargout
[varargout{1:nargout}] = gui_mainfen(gui_State, varargin{:});
else
gui_mainfen(gui_State, varargin{:});
end
function Diode_OpeningFcn(hObject, eventdata, handles, varargin)
guidata(hObject, handles);
function varargout = Diode_OutputFen(hObject, eventdata, handles)
varargout{1} = handles.output;
function diode_plot_Callback(hObject, eventdata, handles)
X = importdata (handles.fullpathname,',');
handles.X=X;
X=X(2:end-1,);
X=sort(X);
VRef = X(:,1);
vd =X(,2),
handles. Vd=Vd;
Vr = VRef-Vd;
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handles. Vr=Vr;

Ir=V1/1000;

handles.Ir=Ir;

ploi(Vd,Ir);

title("Diode T-V Characteristic’)

xlabel('V {D}(Volt)}

ylabel('l {D}(Amps)’)

grid on

vd=X(500:end,2);

vr=X(500:end,1);

ir=vr-vd;

id=ir/1000;

vd = vd;

id=id;

vt = 25.9e-3;

Inid=log(id);

vd=vd(100:end);

Inid=Inid(100:end);

fitresult = polyfit (vd,Inid,1);

a = fitresult(1);

b = fitresult(2);

Indifit = (a*vd) + b ;

10=cxp(b)

eta = 1./(a*vt)

set{handles.text8,'String',10),

set(handles.text10,'String'cta);

function editl_Callback{(hObject, eventdata, handles)

function edit] CreateFen(hObject, eventdata, handles)

if ispc && isequal{get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor’,'white');

end

function checkbox2 Callback(hObject, eventdata, handles)
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function checkbox3_Callback(hObject, eventdata, handles)
function edit3 Callback{hObject, eventdata, handles)
function edit3 CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor’))
set(hObject,'BackgroundColor','white');
end
function pushbutton4_Callback(hObject, eventdata, handles)
[filename pathname] = uvigetfile({"*.txt'} 'File selector’),
fullpathname = strcat(pathname, filename);
text = fileread(fullpathname);
sei(handles,text3, ‘String’,fullpathname);
handles. fullpathnrame=fullpathname;
guidata(hObject,handles);
. function pushbutton5_Callback(hObject, eventdata, handles)
button = questdig('Do you want to quit?', ...
'Exil Dialog','Yes','No','No');
switch button
case 'Yes',

disp('Exit RGB SpecAnal');

save

close(ancestor(hObject,'figure'))

case 'No',

quit cancel;
end
function Ibl x_ButtonDownFcn(hObject, eventdata, handles)
function 1bl x DeleteFen(hObject, eventdata, handles)
function text8_CreateFen(hObject, eventdata, handles)
function pushbutton8 Callback(hObject, eventdata, handles)
function diode Callback(hObject, eventdata, handles)
Diode;
close(gebf)
function file_Callback(hObject, eventdata, handles)



function transistor Callback{hObject, eventdata, handles)
transistor;
close(gcbf)
function savepdf Callback(hObject, eventdata, handles)
[f pl=uiputfile('*.pdf,'Save as PDF');
newFig=figure;
axes1Object=copyobj(handles.axes1,newFig);
print(newFig,"-dpdf'[p f1);
function exit Callback(hObject, eventdata, handles)
button = questdlg('Do you want to quit?', ...
‘Exit Dialog','Yes','No', No");
switch button
case 'Yes',
disp(Exit RGB SpecAnal');
save
close(ancestor(hObject, figure'))
case 'No',
quit cancel;

end

function axesl CreateFen(hObject, eventdata, handles)
function Untitled_1 Callback{hObject, eventdata, handles)
function immage Callback(hObject, eventdata, handtes)

[f pJruiputfite('*.bmp','Save as bmp');

newFig=figure;

axes1 Object=copyobj(handles.axes ] newFig);
print(newfFig,-dbmp',[p 1);

function main_Callback(hObject, eventdata, handles)
Main;

close(gebf)
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function varargout = transistor(varargin)

gui_Singleton = 1;

gui_State = struct('gui_Name',  mfilename, ...
‘gui_Singleton', gui_Singleton, ..,
'gui_OpeningFen', @transistor OpeningFcn, ...
‘gui_OutputFen', @transistor OutputFen, ...
'gui_LayoutFen', [], ...
‘gui_Callback!, []);

if nargin && ischar(varargin{1})

gui_State.gui_Callback = str2func(varargin{1});

end

if nargout
[varargout{l:nargout}] = gui mainfen(gui_State, varargin{:});
else
gui_mainfen(gui_State, varargin{:});
end
function transistor_OpeningFen(hObject, eventdata, handles, varargin)
handles.outpul = hObject;
function varargout = fransistor_QOutputFen(hObject, eventdata, handles)
varargout{ 1} = handles.output;
function ibl_Callback{(hObject, eventdata, handles)
[filename]l pathnamei] = uigetfile({"*.txt'} 'File selector’);
fullpathname! = strcat(pathnamet, filenamet);
text = fileread(fullpathname1);
set(handles.text1, 'String',fullpathnamel);
handles.fullpathname 1=fullpathname1;
guidata(hObject,handles);
function ib3_Callback(hObject, eventdata, handles)

[filename3 pathname3] = uigetfile({"*.txt'} 'File selector'’);
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fullpathname3 = strcat(pathname3, filename3);

text = fileread(fullpathname3);

set(handles.text3, "String’,fullpathname3);
handles.fullpathname3=fullpathname3;
guidata(hObject,handles);

function ib2_Callback(hObject, eventdata, handles)
[filename2 pathname2] = uvigetfile({'*.txt'},'File selector’);
fullpathname? = strcat(pathname2, filename2);

text = fileread(fullpathname?2),

set(handles.text2, 'String',fullpathname2);
handles.fullpathrame2=fullpathname2;
guidata(hObject,handles);

function npn_Callback(hObject, eventdata, handles)
Xl1=importdata(handles.fullpathnamel,',');
X1=sori(X1)

VRI=X1(;,3)

Veel=X1(:,4)

Veel=Vceel

Vb1=X1(:,5)

VCI=VRI1-Vcel

IC1=VC1/1000

IB1=Vb1/120e3

Iel=max{(IC1)

Th1=max(IiB1)

gl=Icl/Ibl

X2=importdata(handies.fullpathname2,',');
X2=sort(X2)

VR2=X2(:,3)

Vee2=X2(:4)

Vee2=Vce2

Vb2=X2(:,5)
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VC2=VR2-Vce2
IC2=VC2/1000
1B2=Vb2/57e3
Ic2=max(IC2)
Ib2=max{IB2)

g2=Ic2/1b2

X3=importdata(handles.fullpathname3,',"),
X3=sort(X3)
VR3-X3(:,3)
Veed=X3(:,4)
Veed=Vee3
Vb3=X3(:,5)
VC3=VR3-Vced
1C3=VC3/1000
1B3=Vb3/43e3
Ie3=max(IC3)
Ib3=max(IB3)
g3=1c3/1b3

plot{Vcel IC1,'b');
hold on
plo{Vee2,IC2,'r');
hold on

plot{Vce3,IC3,'m’);

title("Transistor(NPN) I-V Characteristic')
xlabel{'V {CE} (Volt})

ylabel('l_{C} (Amps))

grid on

legend('Base Current 1',Base Current 2','Base Current 3
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set(handles.Ibl,'String',Ib1);
set(handles.Ib2,'String', Ib2);
set(handtes.Ib3,'String',Ib3);
set(handles.Icl,'String’,Ic1);
set(handles.Ic2,'String',I¢2);
set(handles.Ic3,'String’,Ic3);
set(handles.gl,'String',g1);
set(handles.g2,'String',g2);
set(handles.g3,'String’,g3);
hold off

function pnp Callback(hObject, eventdata, handles)
X 1=importdata(handles.fullpathnamel ',);
Xl=sort(X1)

VERI=X1(:,3)

Veel=X1(:,4)

Veel=Vcel

Vb1=XI1(:,5)
VCI=VRI1-Veel
IC1=VCI1/1000
IB1=Vh1/120e3
Icl=max(IC1)
Ibi=max(IB1)

gl=Ic1/Ibl

X2=importdata(handles.fullpathname2,',');
X2=sort(X2)

VR2=X2(:,3)

Vee2=X2(:,4)

Vee2=Vce2

Vb2=X2(:,5)

VC2=VR2-Vc¢e2

IC2=VC2/1000
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IB2=Vb2/57¢3
Ie2=max(IC2)
Ib2=max(IB2)
g2=lc2/1b2
X3=importdata(handles.fullpathname3,',");
X3=sort(X3)
VR3=X3(:,3)
Vee3=X3(:,4)
Vee3=Vee3
Vb3=X3(:,5)
VC3=VR3-Vce3
IC3=VC3/1000
IB3=Vb3/43¢3
Ic3=max(IC3)
Ib3=max(I1B3)
g3=Ic3/Ib3

plot{Vcel,IC1,'bY);
hold on
plot(Vee2,IC2,'r),
hold on
plot(Vee3,IC3,'m");

title( Transistor (PNP) I-V Characieristic')
xlabel('V_{EC} (Volt))
ylabel('T_{C} (Amps))

grid on

legend('Base Current 1','Base Current 2','Base Current 3"

set(handles.Ibl,'String',Ibl);
set(handles.Ib2,'String',1b2);
set(handles.Ib3,'String’,1b3);

set(handles.Ic1,'String',Ic1);
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set(handles.Ic2,'String',Ic2);
set(handles.Ic3,'String’,Ic3);
set(handles.gl,'String’,g1);
set(handles.g2,'String',g2);

set(handles.g3,'String',g3);

hold off
function Menu_Cailback(hObject, eventdata, handles)
function diode_Callback(hObject, eventdata, handles)
Diode;
close(gcbf)
function transistor Callback(hQbject, eventdata, handles)
transistor;
_close(gebf)
function savepdf Callback(hObject, eventdata, handles)
[f pl=uiputfile("*.pdf','Save as PDF'");
newFig=figure;
axes] Object=copyobj(handles.axesl,newFig);
print(newFig,'-dpdf [p f]);
function axesl CreateFcn(hObject, eventdata, handles)
function exit_Callback(hObject, eventdata, handles)
button = questdlg('Do you want to quit?', ...
'Exit Dialog','Yes',No','Ng');
switch bution
case 'Yes',
disp('Exit RGB SpecAnal’);
save
close(ancestor(hObject,'figure’))
case 'No',
quit cancel;
end

function saveim_Callback(hObject, eventdata, handles)
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[f pl=uipuifile("*.bmp','Save as bmp");
newFig=figure;

axes1 Object=copyobj(handles.axes],newFig);
print(newFig,-dbmp’,[p f]);

function main_Callback(hObject, eventdata, handles)
Main;

close(gebf)
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int sensorQ;

int sensorl ;

int sensor2,;

int sensor3;

int sensor4;

void setup() {

Serial.begin(9600); // initialize serial communication at 9600 bits per second:
void loop () {

sensorQ = analogRead(A0Q);

float voltageR= sensorQ * (5.0 / 1023.0);
sensorl = analogRead(Al);

float currentD = sensorl * (5.0/1023.0) ;
sensor2 = analogRead(A2);

float VR = sensor2 * {5.0/1023.0);
sensor3 = analogRead(A3),

float currentC = sensor3 * (5.0/ 1023.0) ;
sensor4 = analogRead(A4);

float currentB = sensor4 * (5.0/ 1023.0) ;
delayMicroseconds(1);
Serial.print(voltageR, 5);

Serial.print(" , ");

Serial.print(currentD, 5);

Serial.print(" , ");

Serial.print(VR, 5);

Serial.print(" , ");

Serial print(currentC, 5);

Serial.print(" , ");

Serial.print(currentB, 5);

Serial.printin();

}
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eesssssssssssss———— AT megad48PA/88PA/168PA/328P

1.1 PinDescriptions

114 yee

1.12 GND

Dighal aupply \ollage.

Ground.

113 Paort B (PB7:0) XTALIXTAL2/TOSC ¥TOSC2

114 Poti G (PCH:0)

115 PCHTESET

118 Ponl D {PD7:0}

Porl 6 is an 8-bit bi-dwectional 1O parl with Ivemal pull-up reaitions {esdectad b each bit). The
Porl B oufpu buflers have symmelncsl ditve charscinstics with bolh high aink and source
capabilty. At inpirs, Porl B pine that are exiemaly pulled low will aourcs curmand if the pull-up
reshakws are aciivaled, The Porl B pins are bl-alaled when a re sel condilion becomea acive,
aven if the dock ja nol running .

Depenamg on 1ha clock sekec bon Lree astings, PBS can be vaad as INput © ha merding Oscl-
lior ampliber and ingud (o (he Inlematl dook opersing areuil.

Depending on e clock selecion fuse aeliings, PAT can be teed a3 oulput Irom the Inverling
Oslalor amplifles. B

¥ the [ntemal Calibated RC Oualisior ia vsed as chip clck aouros, PBT..8 ia used s TOSC2.Y
npnd for the Asyndhronous Times/Countar? if he AS2 bl n ASSR et

Tha vanous specid fealures of Porl B are gaborated in "Alema®e Functiona of Port B~ on page
82 anid “Syatem Clook and Clock Optona™ on page &,

Port C iz a 7-bit bi-dweciional 1X0 porl with internal pull-up rearstors (selecled for each tit). The
PCS, .0 outpu | bufters have symme iical drive characied slica wih both high sink and apurce
capabiily . Aa i npats, Porl C pina hal are exiemally pulled low will source curment it the pull-up
resiaines are solivaied. The Porl C pins ere (n-stated when a resel condion beanmes acive,
aven il the dock ks nod running.

¥ Ihve RSTDISBL Fuse it pogrammead, POS 1a used 88 an O pin, Nole thal the ebe2 fical char-
acweditics o PCE dilfer from those of he ofhar ping of Pon C.

# the RSTDISBL Fuse s unprogrammed, PCH s used 54 & Ressl ingnit. A low level on this pin
for konger than he minimum pulse length Wil generate a Resed, even i ¥ clodk ks nol running.
The miramumn pulse lengh is given in Tabla 283 on page 318, Shorter pulsea are nol guaran
eed (0 generats 4 Ressl,

The vanous spedal festues of Porl C are daboraied in "Allemsats Funcliona of Podt C™ on page
8,

Porl D Is an 8-bit bi~drecional VO port with inlema pull-up resision (selected lor each bit). The
Porl D culp buflerm have symmedrical dive characlenaica with balh high aink and source
capabity. As lipula, Porl D pina that are extemally pullad Kw will source custeed N ihe pull-up
redisiors are sciivaled, The Porl D pins are Ii-staied when a resel condition bacomes acive,
aven it the dock ks not rnning.

_l 3
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e————— AT megad8PA/88PA/168PA/328P

The vanious spadal faztuies of Port D are daborated in ARemate Functions of Pod D" on page

a.

117 AVge
AV e 18 the supply vollage pin for e A/D Converlar, PC X0, and ADC7.6. K should be exlernally
conneded 1o Vo, even if the ACC lanot used. I the ADC is used, i shoutd be connedled © Vo
trough a kv -paes fiker, Note thatl PCE.4 vae diglal supply voltage, Ve

118 AREF

AREF i the analog relerence pin for the AD Conveder.

119 ADC?:6 {TQFF and QFHMLF Package Only)
nihe TOFP and OF HAILF package, ADG T8 swve ao andlog inpuis 1o he AD canverler
Thesa ping aré poweded rom e ARSISY supply and serve as 10-bi ADC channels, i

——— *

A% D-AYA-100E
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—————sssssssmm AT meyadB8PA/88PA/168PA/328P

2. Owverview
The ATmega48PAJSSPAS\B8PAZ2BP 1 8 kow-power CIMOS 8-bil microcanirolier besed on the
AVR enhanced R{SC archiecture. By sxecuing povwerkd instacions in a single clock cyde, (he
ATmegadSFARSP AN 1BBPAL2AP achisves hroughpuls approaching 1 WPS por MHz allowing
the syei6m designeds (o opUITIZE power CONGUM PAON Versus proosa aing apead,

21 8lock Diagram
Figwe 2-9. Block DiBgram

i

Fop n Fop 7 repq Ll |

The AVR core canbines a rich ina buction sel wilh 32 genersl purpose worldng regisiers . Alllhe
X registevs am diradly connacied (o Lhe Affvnedc Logic Unit (ALLY), allowing two independent
regisiers 1o be accesasd in ona ainghe Natnuction execuled in one dodk cyde. The resuling

—l 5
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———————= ATmegadB8PA/B8PA/168PA/328P

architecure I more code effcion] whils achleving throughpuls up (o B0 Smed s lar than con-
venbonal CISC microooniioors .

Tha AT megad SPAVBEPAN 6BPARIZEP providea the biwing fealures: 4K/BK bylkea of In-Syalem
Programmatda Flash with Read-Whie-Wrile capabiMies, 256/512/512/1K bylea EEPROM,
S1211KNKRX bylaa SRAA, 23 genessl purpose PO nes, 32 geners purpaod 8 working regislen,
firpe flexbia Timer/Countors with oampaze modes, intema and exievndl ilemugts, 8 wanal pro-
gammabie USART, & byle-onented 2-vire Satsl iieriace, an SP|aerial por, & 6-channed 10-bi
ADG (8 channels in TOFP and GFNMLF packages), 8 programma ble Watchdop Tener with
wiamal Cacillakr, and ve solvare seleciable power saving modes. The [die mode dopa the
CPU white aliosing he SRAM, Tamer/Countore, USART, 2-wire Sen d Interfacs, SPI porl, and
ntermupd wysiom (o coninue unclioning. The Pow er-down mode savea thi reghater covents bul
freezes he Oucllalor, dissbiing all ciher chip fncions unll the next Memspt o hardware reael
n Power-save made, Iha asynchronous timer continues b nun, aliowing the Lser © mainiain a
amer base while (he reel of e device fa aleeping. The ADC Noise Ra duciton mode slops The
CPU and &8 1/0 modiea excapd ssynchronows tmes and ADG, o minkmiza ewiiching noies dur-
ing ADC cawersions. [n Slandty mode, ha crystaifresonaior Oaaliator is running whie he resl
d the device s aleoping, This dBows very iast slar -up combinad with low poraar oons uwmplion.

The device it manu fschred using Atmal & high densily non-volatile memnory lechnology. The
On-chip ISP Flash sllows he program memaoy © be reprogrammed n-Sys iom fwough m SPI
wanial infertsce, by 8 oonventionsl non-vdis| e memory prograimenes, or by an On-chip Bool pro-
gram nmning on the AYR cors. The Bool program can ute any inlefaca fo download he
apphcs $0n proge am in Uhe Applies fon Flash memory. Sofware i the Bool Fiszh saclion will
confnu b run whie e Apphcaton Flach seclion i updaind, providing lrua Resd\Whia-Vike
operation. By combining an 8-bil RISC CPU with In-Sysiam Sell-Programmable Flash on 8
monciihic chip, the Armael AT megad8PARIPAS168PAJIZEP 18 8 powerful microconiolier thal
provides a haphly bexible and ooai affective 2ohson (o many embadded conirol applentians.

The AT megad8PABAPANGBPADZER AVR I8 supporied with & full suie of program and aysiem
dayelopment tooh inchading: C Compéers, Mago Asesmblers, Program Dabugger/ Ssruiators,
in-Crcuit Emuiaiors, and Evahiation ks,

22 Comparieon Balwaen ATmegadsPA, ATmegad8PA, ATmegaié8PA and ATmega326P

Tha ATmagad8PA  ATmagalsPA, ATmegalG8PA and ATmegal2 P diier only in memory
aizea , bood loader s uppar, snd Inermupt vecior sizes, Table 2-1 aummanzea the diferen mem-
ay and inferrupl veclor sizes (or e hvee devicea,

Table 2.1,  Memory Sze Summary

Devive Fimh B ROM RAM infomupt Veolor Sire
Amiget@A | & Byws 256 Bywes 512By¥ 1 piructon word beckr
Amigsdsh | 8 By 512Byts 1K Byws 1 Pistructon wordhwclor
Amegal6aPA | 18K By 612 By 1K Byws 2 ewnucton wordslecks
Mmagai2P | DKy 1% Byt Z Byms 2 wirucian wordehaciar

ATmegassPA, ATmegat68PA and ATmagai2sP auppont 8 real Read-While-Wile Seif Pro-
gmamming mechanism. Thene i & teparais Bool Losder Sedion, and tha SPM Indnicion can
orly expcuie from hece, in ATmegadaPA, them Iz o Read-Yhile-YWie suppor! and no seépa-
mte Bood Loader Section. The SPM ina ruction can axecute fom he entire Flash,

D AVAR-I 0D
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LM124

LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

B WIDE GAIN BANDWIDTH : 1.3MHz

B INPUT COMMON-MODE YOLTAGE RANGE
INCLUDES GROUND

B LARGE VOLTAGE GAIN : 100dB

B VERY LOW SUPPLY CURRENT/AMPLI -
IT5pA

@l LOW INPUT BIAS CURRENT : 20nA

B LOW INPUT OFFSET VOLTAGE : 5mV max.
{for more accurale applications, use the equiv-
alent parts LM124A-LM224A-LM324A which
feahire ImV max.)

B LOW INPUT OFFSET CURRENT : 2nA

MW WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V
DUAL SUPPLIES : £1.5V TO 215V

DESCRIPTION

These circuits consist of four independeat, high
gain, internafy frequency compensated operation-
al amplifiers. They operale from a single power
supply over a wide range of vollages. Operation
from split power supplias is also possible and the
low power supply curmment drain is independent of
the meagnitede of the power supply vollage.

ORDER CODE

N
DIP14

(Plastc Package)

-

D
3012

(Plastic Msaropackage)

$

P
TSSOP14

(Thin Shrink Small Qulline Package)

PIN CONNECTIONS (lop view)

Part Temperature Package
Number Range N D P
LMi124 55°C, +126°C * » .
LM224 -40°C, +106°C . . .
LM324 0°C, +70'C . . .

Example : LMZ24N

H = Dwal n Line Package (DIF)

D = Smah Ouline Paciage {50} - 360 Fyalabiy in T2ps 4 Red (DT}

P = Thin Shrink Smal Ouiine Padkage (TSSOP) - oy avatable in Tape
Reel (FT}

oupd 1 1 [}
g rpul ) 2 ]
Hrrimvetng hpt 1 3 [
et 4 [
Hernmsng g2 5 [
g2 6 [
oupt? 7 []

%
Drd

| 1 Ouptd

] 17 evertrg rut4
] 12 Noviwestng ipu 4
o v

] ¥ Noeiweding inpud 3
() @ imvertng it 3
] B Ouptd
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LM124.t M224-1 M324

SCHEMATIC DIAGRAM (1/4 LM124}

Ver
0
D
x
bwerting 2 a1
gt (] a o
" 7 /1
Noomboyes
-‘-hp:'ll [

r\c;w '_[EH? GD

ap o9
BOHA
i 4 e ? 77 7% wh GND
ABSOLUTE MAXIMUM RATING S . Y : A Y
Symbol Parameler LMI24 LM224 L3324 Unit
Voo [Supply voliage +18.0r 32 v
v Input Voltage 031 +32 v
Vo | Differential Input Voage ! +32 v
pu, |Power Dissipation N Suffix 500 500 500 e
- D Suffx 400 400 e
Outpurt Short-circuit Duration ) Inhnite
'n |loput Cumrent ¥ 50 50 50 mA
Toper | Opearing Free-air Temperature Rangs S50 4125 | A0t +1053 | Do +70 C
T | Storage Temperature Range -85 o +150 c
1 mwmm.v:agﬁntﬂldmn magrece of Vo ' O Y, o
Shor-circulis from D Ve b ] . > 15V The mazkmism ourrent b ADMA
oS uv:m mmeﬂn "“ £ I upu iy Ippronmalay Independent
ourrent ETEAS Wi e 2k s driven Iunmumnwuhi%
3 “'“ < "&# S A8 e ol R Sl et
This 6 mﬁ e a2 For input vortae highas than -0 3.




LM124-LM224.LM324

ELECTRICAL CHARACTERISTICS
Voo™ = #5V, Vo= Ground, Vo = 1.4V, Ty, = +#25°C (unless otherwise specified)

Symbol Parameler Min. Typ. Max Unit

inpt Offsel Vokage - note !

Tamp = +26'C 2
Vo LMa24
Toom S Tamo S Tenae

mv

(- B N

1M324

input Offset Current
by Tamn = +25°C 2
Tm = Tm = Tmax
tnput Bias Currend - nole 2!
Iy Tamp = +25°C 20 150 nA
Teers S Tamo = Trarx
Large Signal Volage Gain
Vgt = HIGV. R = 2k, V= 1.4V b0 1.4V
Ao Tamp = #26°C 50 100
T = Tamty = Troax
Supply Voitage Rejection Ratio (R = 10k0))
Vee!t = 5V 0 30V o
Tamg = +25'C 10
Trw S Tamb © Treax
Supply Current, afl Amp, ro load
T = +26°C Vg = +5V 07 12
et , ; , Ve = +30V 1.5 3 mA
Trin% Tame “ Ty Voo = +6V 08 12
Vg = 430V .5 3

28

Vimv

SVR

8

I Comimon Mods Voliage Ranpe
v Voo = +30V - note 3 v
B T =25'C 0 Voc-1.8
Tenin = Tamd < Trrax 0 Veg-2
Common Mode Rejection Ratio (Rg < 10k(l)
CMR Tyme = #25°C 70 20 @
Tewn & Tarp < Trax
\ Dutp Cument Source (Vig = +1V)
ke Vog =+ 15V, Vi = +2V 20 40 70
Ouipit Sk Cumant (Vi =-1V)
o Ve = #15V, V, = +2V 10
Voo = +18V, Vo= 402V 12
High Level Output Vollage
Voo = +30V
Tym, = +25°C Ry = ki) 28 o7
Trm & Tamby < Trnax 28
Vou Tamn = +25°C R = 10k12 27 28
Trw < Vot = ey 27
Vg = +6V. R = 2}
Tamp = +25°C as
T * Yo 5 Trrax

gy
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LM124-t M224-LMI24

Symbol Parameter Min. Typ. Max Unit
Low Level Oulput Vohlage (R = 10k())
Vo Tame = +25C 5 20 mV
Trun = Tamiy = Tomax 0
Slew Raie
SR Vee = 15V, V= 0.5 1o 3V, R = 2ki) G, = 100pF, unity Gain 0.4 Vi
Gain Dandwidih Product
GBP 17 Vg = 30V, f=100KHZ,V,, = 10mY, Ry = 2k6), C; = 100pF 13 Mz
THO Tolal Harmonic Dislortion "
F=1kHz, A, = 2048, Ry = ZK{). Vg = 2V € = $00pF, Ve = 0V 0.015
¢ Equivalent Input Naise Vollage LA
n I= 1kHz, & = 100§ Ve = 30V 40 Jhz
DVip |mnput Offsat Vioitage Diitt 7 0 uvre
Dhy  [inpul Offset Current Diift 10 200 |[pArc
Channe] Separation - nota %1
VoiVoz |\ yz = 1= 20kHZ 120 ®

The

- om-

V. = 14V, R = DL, BY = V' =3V, 0« V.« V' - L5V
mmmmm:maunmm-mﬂnmwunmummwmmw

0% SO 1 0% XA SRS 0 Ty 51 rs 80 . T Gpar andof P

O T T T P Ao o o cpotce e e et T by



LM124-LM224-LM324
INPUT BIAS CURRENT S ———
varsus AMBIENT TEMPERATURE -
1B (nA) 24 LENLREE L
L o —
|oc
21 » :L>.:' a
18
15 i" —~ 111
[ ] $ —frand
1: . !
6 » .
3 i | = -
- —
a . 1

H4=35-18 & 25 45 65 85 105 126

~4-N-11§ BB & NN

AMBIENT TEMPERATURE (*C) TEMPURATURE 0
INFUT YOLTAGE RANOE SUPPLY CURRENT
1 4 T 1
Vet
/ g 3 I =) b
E . e / -
A ¥
g Pasiv 2 |
i ] f —t— g . Tyt - 0°C 10 1125°C
/ 7
Tomd ~ $5C
' s e " 0 19 2 »
POSITIVE SUPPLY YOLTAGE (V)

QAN RANDWIDTH PRODUQT

/ Y

GAN DANDWIDTH FRODUCT (MMx)
nhi
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LM124-LM224.L M324

i

-
LR
g - :
§ - '
g = | ;

» it e

.u i " UG YR R 1 e

FREGUINICY D)

VOLTARE FOLLOWEN FULLE REBSOMEE

: 1 L] ¥
1 ‘maw
Viea+BY

BINUT VOLTAGE O] - OUTSUT VOLTASE (V)
-n-.;-uu.
b
[}
CUTPUT VOLTARE (Vi

TAOE V)
e
iy
-
|
CUTPUT VOLTAGE REFIRENCED TO V. ™)




LM124-LM224-LM324

FUT SuERET VOLTASE AN
- L
L ]
i " !'- Ny =T
i . l.
i N . T-"" g-
N L ]
;| ] ] ’ L] | M
SOURN BUPPLY VOLTASE (V) POWER LAY VIATAM W)
O] @Y wIEn Awd i)  LARGE SONAL VOLTAGE QAN
o T AT .
E 18 I l
g I 1||1 =
I = ., -
:E o i > , i 1 LAT 8
‘ ﬂ___ 109
®
ik i
TE-w-1is 64 ®8 6 Wi 35 15 8 8 48 05 a0 1miee
AMSFENT TERFERATURE (0} ANSRENT TEMPERATURE ['C)

TYPICAL SINGLE - SUPPLY APPLICATIONS

AC COUPLED INVERTING AMPLIFIER

AC COUPLED NON INVERTING AMPLIFIER

10
A
195 phowm A = -10}

R




LM124-LM224.LM324

72

TYPICAL SINGLE - SUPPLY APPLICATIONS

NONINVERTING DC GAIN

Amio B
> As whomn A v 101)
1cq Ly o5
LhAbaS T
—
| S—
i 5

€y iy

DC SUMMING AMPLIFIER

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

LOY DRIFT PEAK DETECTOR

HB v B

8 o—— 1.

#R1=R5adR3=R4 =R6 =R7
1 2Ry { )

=1+ (a2
|17

As shown eg & 101 (g5 - &¢).




LM124.LM224.L M324

TYPICAL SINGLE - SUPPLY APPLICATIONS

ACTIVER BANDPASS FILTER

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

Fo= IkHz
Q=50
A, = (B0 (40cB)

LI
LR

{CHRR depends on tis resishor rabio makch)

As shown ey = (25 - )

USING SYMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT {GENERAL CONCEPT}

1, Ig |Lmize €

- Aux. amplifier for input

Ig curent compensation
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LM124-LM224 LMI24

MACROMODEL

** Standard Linear ics Macromodele, 1993.
** CONNECTIONS :

* 1 INVERTING INPUT

* 2 HON-INVERTING INPUT

=3 QUTPUT

* 4 POSITIVE POWER SUPPLY

* 5 NEGATIVE POWER SUPPLY

SUBCKT LM124 1 3 2 4 5 (analog)

CAEREE PR AR A R A E A Bk B R e

.MODEL MDTH D IS=1E-8 KF=3.104131E-15
CJO=16F

* INPUT STAGE

CIP 2 5 1.600000E-12
CIN 15 1.000000E-12
EiP105251

EN165 151

RIP 10 11 2.600000E+01
RIN 15 16 2.600000E+MH
RIS 11 15 2.003862E+02
DIP 11 12 MOTH 400E-12
DIN 15 14 MDTH 400E-12
VOFP 1213DCO

VOFN 1314 DC O

IPOL 13 5 1.000000E05
CPS 11 15 3.783376E-09
DINN 17 13 MDTH 400E-12

ELECTRICAL CHARACTERISTICS

VIN 17 5 0.000000e+00

DINR 15 18 MDTH 400E-12
VIP 4 13 2.000000E + 00

FCP 4 5 VOFP 3.400000E+01
FCN 54 VOFN 3.400000E+01

FIBP 2 5 VOFN 2.000000E-03

FIBN 5 1 VOFP 2.000000E-03
* AMPLIFYING STAGE

FIP 5 19 VOFP 3.600000E+02
FIN § 19 VOFN 3.600000E+02
RG1 19 5 3.652997E+06

RG2 19 4 3.652997E+06

CcC 19 5 6.000000E-09

DOPM 19 22 MDTH 400E-12
DONM 21 19 MDTH 400E-12

HOPM 22 28 VOUT 7.500000E+03

VIPM 28 4 1.500000E +02

HONM 21 27 VOUT 7.500000E+03

VINM 5 27 1.500000E+02
EQUT 2623 1851

VOUT 2350

ROUT 26 3 20

COUT 3 5 1.000000E-12
DOP 19 25 MDTH 400E-12
VOP 4 25 2.242230E+00
DON 24 19 MDTH 400E-12
VON 24 57.922301E-01
.ENDS

Vet = +18V, Vo = OV, Ty, = 25°C (unleas otherwrse specified)

Symbol Conditions Value Unit
Vig L] mv
A fRL= 20 100 VimV
e  |Noload. per amplifier 350 uA
Viern -15tp +13.6 v
Vou |[Ry= 2k (Vcct=15Y) +13.5 v
Voo |Rp= 10k} 5 my
g Vo =+2V.Vgg = +16V +40 mA

GBP R, = 2x{), C| = 100pF 13 MHz
SR [R_=2k61, € = 100pF 04 Vius
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[S73

NESS55
SAS555 . SES55

GENERAL PURPOSE SINGLE BIPOLAR TIMERS

« LOWTURNOFF TIME

« MOIMM  OFER4THG  FRECUENDY
GREATE R THAN 800K

» TIMNGFROM MICROEECOVDE TO HOURS

« OFERATES N BOTH ASTARE AMND
MOMOS ThEL E MODES

« HIGH OUTPUT CARRENT CAN SOUFRCE OR
SINK 200mA

« ADJISTAELE DUTY CYCLE

« TILCOMPATIALE

« TEMPERATVRE STAALITY OF 0.005%
PERC

DESCRIPTIOH

Tha NESES mond thiciming dreuiiaa highly gabi @
conirod @ capa b aof rodudngace umtatims dalaye
of cacBaian. In tha e aoldy make of opatation,
the O 13 prac sy coninl d by o b mil ne-
1By dndoapac Bnd, Fov o da Bkiopssr Siw da dn od-
ek, fu frend 7 LI Faquaaney and tha a
cla ar e both accur aely mau’wn m:ﬁ.ﬁ
3 ktorm and one capac or. The o rask may b trig-
paradand reast on fad ing vy aoma, and tharoud-
ok 8 DrLactung i Soirod o 20k up o 200mA Tha
NESSS b avaldvis In plaate and caramic minddip
pacagaand n a 8-laad mi cropla age @ Inmatal
can e hager vars on

A CONKECTROMSE Qo vlaw]

*

=t o e it

4 .
C

2 T

M
L
;]
| N NG

|:-1 3

ora aga
(Pl e Packongn ) (Pla il Microp schag)
ORIERCOIES
Pet | Termmbsw e b
Numbwr Fangm N Il o !
s G, TG PR
Ll !  -MFG, IB'C I )
s=m | -G, tAw . v
I-GND
2 Tigger
3. Ouuit
4 Mans
3. Gl volmpe
B . Thresdwid
F Oecmgn
8 Y

Ady

gl
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HRS1(H) Relay

FIr
1.COIL DATA Lﬁgf.ﬁ:fqo:a
1.1 Nominal Vollage. 3VAC124VAC
1.2 Coil Resislance refer to Table 1
1.3 Operate Voltage refer to Table 1
1.4 Release Vollage refer to Table 1
1.5 Nominal Power 200 to 360 mwW
Consumplion

HRS1{H) Helay

2,CONTACT DATA

2.1 Conlacl Arrangemenl 1FormC

2.2 Contacl Material Auhg

2.3 Contacl Rating 1A 24VDCH20VAC

2 4 Max-Switching Vollage 30 VACH20VAC

2.5 Max-Switching Current 24

2.6 Max swilching Power 120 VA 24W

27 Conlact Resislance (Initial) 100 mfy at 6 VAC 1A

2 8 Life Expectancy Elecirical 100,000 operation at nominal load
Mechanical 10,000,000 operations

3.GENERAL DATA
3.1 Insulation Resistance Min. 100md) al 500 VOC
3.2 Dielectric Sirength 1000 YAC, 1 min between open contact
1,500 VAC, 1 min between contact and coll.

3.3 Operate time Max 5 mS

3.4 Release Time Max 5 mS

3.5 Temperature Range -25t0 +55

3.6 Shock Resistance 10G

3.7 Vibration Resistance 10 - 55 Hz Amplitude 1.5mm

4.DIMENSION {In mm)

155 Wi

1.8
b
1

Lot L
=
[ ==
[
|




5.0RDERRING CODE

H

DCsV

1‘ NOMINAL VOLTAGE DC3V,DC5V,DCBY,DC12,DC24Y

ENCLOSURE
8- - WASHABLE

» COIL

" NIL —-STANDARD TYPE

H~-HIGH SENSITIVE TYPE

6.COIL DATA CHART

*TYPE

COIL COIL OPERATE RELEASE COIL
ORDERING CODE |\ oMINAL|RESISTANCE] VOLTAGE | voLTAGE NOMINAL
vDe +/-10% vDC vDhC mwW
HRS1-S DC3V 3 25 2.25 0.30
HRS51-3 DC5Y 5 70 3.75 0.50
HRS51-8 DC6V [ 100 4.50 0.60 360
HRS1-S DCoY 9 220 6.75 0.90
HRS1-S DC12V 12 400 9.00 1.20
HRS1-5 DC24Y 24 1600 18.00 240
HRS1H-5 DC3V 3 45 225 0.30
- [HRS1H-S DC5V 5 120 - 375 0.50
HRS1H-S DC6Y 5 180 4,50 0.60 200
HRS1H-S DCoV 9 400 6.75 0.90
RRS1HS DC12V 12 700 9.00 120
HRS1H-S DC24V 24 2800 18,00 2.40
Tabla 1
7. HRS1{H) CHARACTERISTIC DATA
Timing Coll Temperature Opersting Range
Nominal Voitage
Timea(ms) _ B Temperatura Rise{’'C} Mulliplying Factor
8 80 1.8 I
S 1- \\ HRS1H
] SR R 60 4
\ % ¢ //// 1.2 Y \
\\ = Va / L N
al Operale 40 s 10/ HRS1 N
N - A oA .
[ " .-7’ 0.8 \
—— ] " N
2 - 2007 ¥ 06
A | Aelsase | e 0.4
|
0 0.2 0.4 Q6 0 0.2 G.4 08 0 20 40 60 BO 100
Coli Pawar(W) Coll Power{W) Ambienl Temparalure(- C)
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Maximum 8witching Power Life Curve
Contacl Curroni{A) Operalion(x10,000)
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