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ABSTRACT

This special project is to develop of Ellipsometer for measuring the optical properties of
thin films. Optical properties are the refractive index , the absorption coefficient and the
thickness of thin films. The application software development with Microsoft Visual Basic 2010
in Design User Interface screen connected to the ET-EASY168 STAMP microcontroller to
control the rotation of the motor . Simulation Ellipsometer system for measure silicon wafer and
thin film have refractive index n = 1.49 and n = 1.6 , making the polarization changes from linear
polarization ellipse. Then collected data on the relationship between the intensity of the light
detection with the Analyzer with a twist every 1 degrees until 360 degrees, the data obtained from
measurements to numerical analysis has the stroke parameters to determine the optical properties

of thin films.

Keywords : Ellipsometey, Ellipsometer, Polarized, Thin Flim
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unpolarized

p-polarized
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Degree of Polarization

Degree of Polarization (P) iluasfinaaniuiluTwar lsdveaaslng
-1,

= 2.32)
e (

A A 9/ J a o w
i 1, way I, AemanuduveaudaInarlsdaiia p uaz s audy
= 1 L4 1 = = 1 o FIl
fudluliTwan lsdazfimanudunemasiia puaz s Saumnu (7, =1,) weldn
d A d o 1 o
P =0 lupsdlvesuasInarlsdadia p anuduvowaslnarlsdria s szliandugud
g1
(I, =0) aglan P=1
- w oA

msaztouvoauasInarlsdildouauduniaindinaniildridnmgandi s

] v
A v oA w [

s 1 [ = d = ey 9 = o
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g u d A a i a a
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kY : 1 o . A a T 1 a)
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i
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Light wave vibrate in any direction

Beam of light propagation

Polarized Light

Polarized Filter

{ = 3', 9 ]
51U 2.19 Tuanuesauas wan lsd uumndminduuui Tuanas laigngandu

gt oy Twan s 14
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¥
[ - )

AR

I=EXcos?@=1,cos’8 Malus’Law (2.33)

Unpolarized

light Polarizer

» 4 Analyzer

-V \ F,’(
A 7h

v ,

Y 1
> 2 Eocos0
Transmission p";;;;i:;"d » (f};\

AXis

3107 220 i Tnan lsdwesusaving 6 SuuauTnan lssveaTwanlswed

safse novvosan i fimuuen lawes N £, cos 0

Sraun Tnan lsdueausu Twan lsdaeaururingunu AU ULEI9Z AADIATUIN
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Polarized 2
(Horizontal)
Polarized 1
(Vertical) \

Incident Beam
(Unpolarized)

vertically
polarized
light wave
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2.2.3 Twan1541%4243 (Elliptical polarization)
@ d.' L T o é r=} L]
Tusdefimuundnan e Inar lshdadu Fadauwm ifheguuszunla
A ' a’l = =) Ll 1 ¥
seununiarhiu luunensauasendaun fheglursssunuiinsaindu dreu i
] =1 r =1 = L v 9 o o a v
vewAazsznuTmaasstuuas ueumagarhtus nan 1dhihuues Inan lsdiFadu ud
¥ v » ¥

e I luszunaaedinladeiu 90 Tasiigun Irfhsaesdiueunagaminy
e ivesenm sz nyuihinnay saaaslugili 226 GonduaeInanlsdie

2190 (circularly polarized light)

Direction of

propagation
Direction of
propagation

Electric 2
Field

31 2.26 e ifhveuds Twan ldideenan
Py ' -
v I luuuaunu x wag y eglusznuidanindu) Alueuwagawinuunzl
¥
werefiu 90 ansnifouladatl
E_ =iE,cos(kz — o) (2.34a)
E, = JE, sin (kz — 1) (2.34b)
A .8 s & ' 2 o w
Woiag j iunneeinilanuig (unit vector) Tuuaunu x uag y a1uany

4
au Wihswemansadou laaatl
E=E +E,

= ,[i cos (kz — 1) + jsin (kz — wi)] (2.35)
=y 3 I f ) 1] é? H 1
Sinsanfisumisladumimilekz=0 (1 z=0) wlan

E =E,licoswt — jsin wt | (2.36)

anaums (2.36) Wy s wdfemefon luamnan dweaslugdiio2r

1 ] = =3 a 9 = = ]
gty e dhinsvyuamdim AUAAAUNM IUNANI z (WIDDNNNNTTAY)
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o 3 < 4 a
sz Ifhwesuastmpudhnsnouannnfindnii o Tnsliveundye £,

= v ot o :’l’! o a & =
Bond ueaaotuz Tnan lssauin wera Twan 15 @ e9naumny Y (right circularly

polarized light)

h )

t=3T/4

5 A aa A 4
711t 2.27 aunsWihsawvesaduiifimmeiin/feunlnsn i

Tuns@dmoufiqosvosauns (236 Hiadoanuieasadm (Hiadiely =)
ﬂm:uH‘ﬂwmtmﬁ‘:ﬂzﬂqmﬂuwﬂaumumﬁmﬁaﬂmwﬁw TaoSiueunagn E, waaiii
aoruzvesms Ina1ls Boat wasInalsdiFenannyudne ( left circularly polarized
light) uazdupunagavesaiuluudazszuuiivina i (£, # £,) vy Wi
vy uiEluad Bondeslwan15H%9243 (elliptical polarized light) Fefuuunyudiouas

NYUVTUFUY

Ym

vl
x

e

N

510ft 2.28 LAUNSALAZLAUTBIVBLIFVUIUAVLAU X IO y

QG

2  {
astlveuravesau Iidhszninssunumiaesa Ny 2/2(90° ) W23 9Ny

MENIAZIAUTDY (major UAL minor axes) YUTUALLAU x UAZ Y fagali 2.28 ey T lu

o = a
seuruisaesmaniaiu ¢(¢ 1Ny /2) upuUnanvyodINsTwIYN « LY x

335107 2.29 Taw o TA1@eaums(2.37)
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o ltan—l (EaxEr)y cos (0)

= e (2.37)
2
2 (Eoy _E(fx)

\ /"‘C‘ EDx

JUN 2.29 UNUMANVBINTYINYY o ALY X

A y oy s 1 & P 7 a o =
1NANAINITAY =it N Inan lsdiFaduuas Iwar lsswaranay Wunsal

=Y =y 3’; -:? =% o = {
MrveaInar lsdFaaanedu Taonsdlveslnarlsdnne Twar lsdFaaasnaun iy
& g o ' ¢ a <A ¢ a o
seulaszumilaiiugud (su e, = 0) druTwar lsdiFaranaunae Tnar lsiFaadin

¥
HoNWARA TUITTUIUNITOINVAMINY (E,, = E,)

2.2.4 Jones Matrix
a Jdd @ = 1 y & g a sq ¥ A A |
N3 AN UAMNUTUFT NI “Tones Matrix” FuilundiaransnldeTuiunisaile
ES d . a = o
nauas §1512524nd Jones Matrix 151 w15a05u1emsn/asunilasInanlsdveauaann
° a o A = o A v A a A A
MIAIUINVDUUNT NS (HD151399A 152N VIATBINIIUAIMAIDE 1I01T10T U8RI IHD
9@ ey a P a P 1 a v 2 o A 9 a
avaallaiwmosaloadiarmans na1ludnd1umnila Jones vector 191481519 0IN158T VY
o o a ¢ a ' {
ao1ug Tnarlsandsznoulddae TnarlsdiFadu vazTwarlsdd9293 Faluunilisiae

a a; . d’l 9 g/ d‘l =} U a a a o 13
83 U10TNUIVB Jones vector LAY matrix 1Wo 11191 lawmspalinindaad Twuvisuinuu

1) Jones vector
o A 9/ ) A A &
ﬁﬂ']“l—!&’TWﬁ'I“limf‘b'u‘llﬂﬂlﬁﬂ‘ﬂ&’gﬂLL“H“H“fITﬂﬂﬂ'li“h"t‘]ﬂ‘i"l‘u‘ﬂﬂﬁﬂﬂuﬂﬂﬁﬂlﬂﬁu‘l’mﬂ’]iﬁu
Qs a 4 9 a
yuuAuluLnY x uaz y Jones vector gniie1nIag nwasvesaun lWihludiamiauny x

= . = I g
LA y 43 jones vector mmiﬂwﬂu"lmﬂu

E expli(wt—Kz+6,)} E ,exp(id,)

E(Z°t)= E  expli(wt—Kz+46,)} =ERp a2} E,, exp(id,) (238)
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Taodnd aumsauuusiee iaulunonves expfi(wi — Kz)}

E ,exp(id
E(Z,t) . x0 p( x) (239)
E, exp(id,)
Feamnsodoulugduuyoddodsil
Bz,p=| (2.40)
5T = ;
Ey
il E, =E, exp(id,)=|E,|exp(id, ) (2.41a)
E =E,exp(id,)= |Ey|exp(i5y) (2.41b)
Tuaums 2.45) 5wlasugduuyTaold aums 2.18) aunsaouInlaasi
E, = E, exp[(6, -6,)] = |E,|exp[(J, —9,)] (2.42a)
E,=E,=|E (2.42b)
anuduasaziiy
2 2 * »
I=1,+I=EY+E},=|E,| +|E| =EE; +E,E, (2.43)

= a '3 . L4 d a
Jones vector 1a8lnAvzeTuredsnmduaauoanealan ( =1) Falunsaidl Twar lsdiaa
Wuannsneou lanail

1 0
E!.inearx = |: :| Eﬁncary = [ :| (244)
’ 0 ’ 1

o =1
dwaaInanlsdidvavingm 45 mansadiou it

1 |1
-

1 s 9 = v A 9/ v a
nanlusnaumils Twan lsidudarenavuuunyudie (£, voz Twar lssdusasnauuyy

HHUIN (EL) mmimﬁiﬂu"lﬁ’ﬁ]u
E, = 1 (1 = : ! (2.46)
R ,'2 i L ,12 i ’

2) Transformation of coordinate system
a a a a A d A (4 a g LY 2 A
TunmsiavesdaddTadivg Tnar lsreivsoneumusuunes szgnannalivyuadl
@ w o 3 9 o o 9/ c:i
ANUFURUTAVUNY x 18T y DUTMYUTEUY x-y A2Aue Tasldmslasugduuuna
a 4 o 9/ A ' ' = hlvd
aalamans 5rawsovi iaumsaedy luszun x' -3 9a P ansaleu lau
B, =B, cosa+Ey sina (2.47a)

E,=-E sina+E cosa (2.470b)
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& A = ' ' = a Myu A
o o feyuiinyu luesszuy x' -y aums (3.15) awisadonluglveaunsng ladal

E, cosa sina || E,
= . (2.48)
E, —sina cosa || E,
1NAUNT (2.52) *nz"lﬁ’mw“%ﬂﬁﬁmumﬂmwmwum
cosa sina cosa —-sina
Rla)= . R(—a)=| . (2.49)
—sina  cosa sinaé  cosa

R(-a) goandesfummindiiossuiuiing nyuaudivuiin Feannsomldan R(a)
3/ l Fd
poutisauuiye (E,,E,) Tuplii 230 feleudiomaes lunsdifilawdinines (E,.E,)

wasusznuiy (E,,E,) Tasmanyuszuiviina

y

Y

. . )
510 2.30 manfAsuszuuan xy useny x' -y’ Tasmanyuszun

Polarization Polarization state  Jones vector
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Linear polarization
parallel to x axis

Linear polarization
parallel to y axis

Linear polarization
oriented at 45°

L}:‘Jﬁ +~‘."
= :
Sl
PR,
PO |

Right-circular
polarization

@.—m
™
Sl -
L
| NS

Left-circular

)

Sl
|

=

polarization
E,
Elliptical X X
polarization sinfrexp(iA)
E; coss

~ L4 a1
g1 2.31 namanninesveaaniug Twan ladaian

anzvodIwar lswduansaeiuieldainnadnsnnneives Tnar lswduid
NnautuyuFenaznyuv 397 23200 et Isduidasnannyudionazmyun
TaoldszuuInalsd dfuaaslugd 232 Tnan lsisduBorsnauvyude () uazInanls

IBFUIFINNANHYUYN (E,) dnsamou lanail
& =]EL|exp(i5L) E, :|ER16xp(z'5R) (2.50)
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B N S 1 Ep =|g|e'®®

;‘ :.\ E, K / g o
¥ R

A el
‘l\"u...“. "..." ]ELl

(a) Left-circular polarization (b) Right-circular polarization

{ ¢ a 9/
519 2.32 uamsaouz Twan lsdmFananauuuunyudsuagnyuIN

& A ° o o
o ’E| uag & INUUHIAUBNaNazie We of =0 mudiay
EI
E=| - (2.51)
ER

Aw a ¥ a LY { <3| A
srvuiina@ata 1 lunisesuiodsingmsel Ina Isduansanlaen ld@uszuumsa

E, 111 1 EL 2.52)
E | J2|-i i|E, '
MNANMST (2.52) Wasuszuunnszuuinama lndsussuiunsndeu

141 1

@ounaalugii 2.32

Wounum E, =1uaz E, =01a

E
[ ‘} zi[ 11 (2.54)
Ey 21 =1

E)_1[1 1TE 055
E 3| =i i|E, '
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3) Representation of optical measurement by Jones matrices

Transmission axis

Transmission y ¥ / i

axis \ / \

| 57 Y ok

oA =L ], <=/ /’é& Light
| o T source

W
- ' Transformation of

Polarizer  Incident light

Light detector Analyzer  coordinates
E, 10 cose.  —sinot 10 Ep
0 00 sine  cosK 00 0

d s & = ,
311 2.33 uernanssilemanaaiiioaduiioFu1edas Jones matrices

A 4 1 " o A = o

Twsseelioll uﬁwxgﬂﬂﬁﬂﬂﬁaammmmmmmmzqmﬂaﬂuiﬁzﬂuuﬂﬂwm"lsnﬂ
FudulasTnanlsived azuaeasaeiannuduuasiigndinmnonou lawed 51auud

b
unumsaerues Iwan lsmefiunyuiiugy ¢ Uiz xy 1azvIUAYIZUIVYEIE
o' [ T e A { a . b

wlameslufamanu x Inanlswedganandaumaaitauas waeiinamsanIH
ﬂ’l R 5 _~ . T J ﬂ’l d.' ' v ] = = {
GureRadulufamaunumsdeimminiu udsiigniandesnnundsdudiauaaszluai
1 d ¥ 4o o [ Al ) ' o3 (L.
inanonInan lsmesmniufithunduon dusudenssuny x' -y duupumsasnu

P o ~ = v o o
‘Uﬁ@IWﬂ115m‘ﬂ3wﬂu’\uﬂﬁuﬂu b4 ﬂQﬂHquﬂﬂuﬂ’ﬂnﬂnwu‘ﬁﬂ’ﬂuﬂu X ﬁ_ﬁlg‘lﬁ

E, P 1 Ofcosa -sinafl OfE, _| E,cosax 256
E,| |0 0]sina cosa O 0] O Lo '
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// Source code program for microcontroller
int pls = 3;// pin 4 violet
4;// pin 5 green

int dir
unsigned long int i;

unsigned long int pulse;

unsigned long int plsA, plsB, plsC ;
int m = 0;

boolean gate =false;

byte incoming[20];

byte mode;

void setup()

{
Serial.begin(19200);
pinMode(pls,OUTPUT) ;
pinMode(dir,QUTPUT) ;

void loop()
{

// listen
if (Serial.available())
{
incoming[m] =Serial.read():;
if (incoming[0]=='R' | incoming[0]=='L")
m++;

//Serial.print (incoming[m-1]); echo

}

// Interface
1f(m==4)
{m=20;
if(incoming[0]=="R")
{// Clokwise Mode
mode ='R’';
gate =true;
1
else if(incoming[0]=="L1L")
{// Counter-Clokwise Mode
mode ='L"';



gate =true;

}

if (gate)
{
if(mode == 'R'")
{ plsA = incoming[1];

plsB = incoming[2];

plsC = incoming[3];

pulse = 255*( (255*plsC) + plsB) + plsA;

// pulse = 5000; //fix demo carefull error here!!
// Serial.print ("K"):;

digitalWrite(dir,LOW);
for(i = 0;i<pulse;i++)
{
digitalWrite(pls,HIGH) ;
delayMicroseconds(50) ;
digitalWrite(pls,LOW) ;
delayMicroseconds(50) ;

// Serial.print("J");

//delay (1000); //It shall be in computer software.
Serial.print("2");
gate =false;

else 1f( mode ='L')
{ plsA
plsB
plsC = incoming[3];

incoming[1];

incoming[2];

pulse = 255%(({255*plsC) + plsB} + plsA;

digitalWrite(dir,HIGH) ;
for(i = 0;i<pulse;i++)



digitalWrite(pls,HIGH) ;
delayMicroseconds(50) ;
digitalWrite(pls,LOW) ;
delayMicroseconds(50);
}

//delay(1000);

Serial.print("2");

gate =false;

}
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D:\@4-Ellipsometer Program\Ellipsometer Rev@35\Ellipsometer\FormMain.vb

Imports System

Imports System.IO.Ports
Imports System.Math
Imports System.Numerics

Public Class FormMain

Public strDMMAddress As String daaida Public i@l aderedudun whisld
Public strPortName As String
Public strClose As String

Dim MyCurve As DYNAPLOT3Lib.Curve

Dim ioMgr As Ivi.Visa.Interop.ResourceManager
Dim DMM As Ivi.Visa.Interop.FormattedI0O488

Dim DataAnalyzer() As Double
Dim DataIntensity() As Double
Dim Vmax As Double

Dim angle As Double

Dim numStart As Double

Dim numStop As Double

Dim numRes As Double

Dim pulse As Double

Dim volt As Double

Dim StepPoint As Integer = @

Dim StepBack As Double

Dim StepNumber As Double ' AdunTauidaan slitaina fuu

Dim Scanning As Boolean = False
Dim btnClick As Boolean = False
Dim StopBackslide As Boolean = False

Dim ByteIncoming As Byte = @

Dim pls(3) As Integer

pim plsA As Integer = pls(1)
Dim plsB As Integer = pls(2)
Dim plsC As Integer = pls(3)

Dim StopWatch As New Stopwatch

private Sub Analysis()

Dim s@, sl, s2 As Double
Dim suml, sum2, sum3 As Double
Dim psi As Double
Dim psidet As Double
Dim delta As Double
Dim n@ As Double = 1
Dim n1 As Complex
Dim n2 As Double = 1.512
' Dim n, k As Complex
Dim EXPi As Complex
Dim P, A, B, ¢, D, E, F, R, U, V, W, X, ¥, Z, beta, t@, t, thick As Complex
Dim m As Double
Try
For IDX As Integer = @ To DataAnalyzer.Length - 1
suml += DataIntensity(IDX)
sum2 += DataIntensity(IDX) * Cos(2 * DataAnalyzer(IDX) * PI / 188)
sum3 += DataIntensity(IDX) * Sin(2 * DataAnalyzer(IDX) * PI / 180)
Next
' Find s8,s1,s2
s@ = (suml / 361) * 2
sl = (2 * sum2 / 361) * 2
s2 = (2 * sum3 / 361) * 2

n

psidet = Acos(-s1 / s@) / 2
delta = Acos(s2 / s * 1 / Sin(2 * psidet))}
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psi = Atan(Tan(psidet) * Tan(45 * PI / 180))

EXPi = Complex.Exp(Complex.ImaginaryOne * delta)

nl = (Complex.Sgqrt(1 - (4 * Sin(45 * PI /
(Tan{psi) ~ 2 * EXPi)) * (n@ * sin(45 * PI / 180))) / (Cos(45

5 nl.Real
nl.Imaginary

n
"k

nou

'Find Thetal
Dim theta® As
Dim thetal As
Dim theta2 As
Dim rho@ls As
Dim rho@lp As
Dim rhol2s As
Dim rhol2p As

Double

Complex
Complex
Complex
Complex
Complex
Complex

thetad
thetal
theta2

]

45 * PI / 180

Complex.Asin(nl * Complex.Sin(thetal) / n2)

rho@1ls
(thetal))

rho@lp
(thetal))

rhol2s =
* Complex.Cos(theta2))

18@) » 2 * Tan(psi) * EXPi) + (2 * Tan(psi) * EXPi) + «

+ pI / 188) * (1 + Tan(psi) * EXPi))

Complex.Acos (Complex.5qri(1l - (n@ / nl) * (n@ / n1) * Sin(theta®) * Sin(theta®d)))

(n@ * Cos(theta®) - nl * Complex.Cos(thetal)) / (ne * Cos(thetag) + nl * Complex.Cos
(n1 * Cos(theta®) - n@ * Complex.Cos(thetal)) / (nl1 * Cos(theta®) + n@ * Complex.Cos

(n1 * Complex.Cos(thetal) - n2 * Complex.Cos(theta2)) / (n1 * Complex.Cos(thetal) + n2

rhol2p = (n2 * Complex.Cos(thetal) - nl * Complex.Cos(theta2)) / (n2 * Complex.Cos(thetal) + nl

* Complex.Cos(theta2))

' Update textbox

txtN.Text = nl.Real.ToString("n4")
txtK.Text = ni.Imaginary.ToString("n4")
txtT.Text = thick.Real.ToString

Catch ex As Exception
MsgBox(ex.Message)
End Try

End Sub

Private Sub ImportDATA()

End Sub

#Region "Controls™

P = Tan(psi) * Complex.Exp(Complex.ImaginaryOne * delta)
A = rhol2p * rho8ls * rhol2s

B = rhoelp * rho@ls * rhol2s + rhol2p

C = rho@lp

D = rho@lp * rhol2p * rhol2s

E = rho@lp * rhol2p * rhodls + rhol2s

F = rho@ls

R=(P *E - B).Real

U= (P *D - A).Real

V= (P *F - (C).Real

W = Complex.Sqrt(R * R - 4 ¥ U * V)
X=(-R+-W)/2*U

beta = -Complex.Log(X) / 2 * Complex.ImaginaryOne

Y = beta.Imaginary

Z = Complex.Sqrt(nl * nl - n@ * n@ * sin(theta@) * Sin(theta®))
te = (X * (632.8 * 18 ~ -9)) / (2 * PI * 2)
t=(632.8*10 " -9) / (2 *nl* Cos(thetae))

m=1

thick = t@ + m * t
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Private Sub Clockwise_Mode()

numStart = CDbl(txtAngleStart.Text)

numStop =

CDbl(txtAngleStop.Text)

numRes = CDbl(txtAngleResulution.Text)

pulse

plsA
plsB
plsC

Try

monn

numRes * 500  '50@ pulse/Deg.
pulse Mod 255

(pulse \ 255) Mod 255

(pulse \ 255) \ 255

While Scanning

If numStart < numStop Then
StepNumber = numStart + (StepPoint * numRes)
End If

ReDim Preserve DataAnalyzer(@ To StepPoint)
ReDim Preserve DataIntensity(® To StepPoint)

If StepPoint = @ Then
DMM.WriteString("READ?")
volt = DMM,ReadNumber

Elself StepPoint » @ Then

SerialPortl.DiscardInBuffer()
SerialPortl.DiscardoutBuffer()
SerialPortl.Write("R")
SerialPortl.Write(Chr(plsA))
serialPortl.Write(Chr(plsB))
SerialPortl.Write(Chr(plsC))

Try
ByteIncoming = SerialPortl.ReadByte
If ByteIncoming = Asc("Z") Then

StopWatch.Reset()
StopWatch.Start()

DMM.WriteString("READ?")
'DELAY 208 MS--m--------====m==-e=====cs==-=e-ssssoss
Do
Application.DoEvents()
Loop Until StopWatch.ElapsedMilliseconds > 1000

volt = DMM.ReadNumber

StopWatch.Stop()

Else
‘nothing
End If

Catch ex As Exception

‘Do Nothing
End Try

"Wiudana
DataAnalyzer(StepP01nt) StepNumber
DataIntensity(StepPoint) = volt
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' Update Chart

If AxDynaPlot.DataCurves.Count =

8 Then

MyCurve = AxDynaPlot.DataCurves. .AddParametric("Curve", numStart, numRes, DataIntensity,

pataIntensity.Length).Curve()
Else

MyCurve.UpdateDataParametric(numstart, numRes, DataIntensity, DataIntensity.Length)

End

If n
End

If &

Else

AxDynaPlot.Axes.Autoscale()
If

umStart < numStop Then
If numStop = StepNumber Then Scanning =
If

topBackslide = True Then

StopWatch.Reset()
StopWatch.Start()

'DELAY 1000 MS=--=m---=================--======c====-

Do
Application.DoEvents()

Lnop Until StopWatch.ElapsedMilliseconds > 10@0

StopWatch.Stop()

stepBack = numStart + StepNumber
pulse = StepBack * 508 500 pulse/Deg.

plsA = pulse Mod 255
plsB = (pulse \ 255) Mod 255
plsC = (pulse \ 255) \ 255

SerialPortl.DiscardInBuffer()
SerialPortl.DiscardoutBuffer()
SerialPortl.Write("L")
SerialPorti.Write(Chr(plsA))
serialPortl.Write(Chr(plsB))
serialPorti.Write(Chr(plsC))

1f StepBack = @ And 360 Then

False

'Noting
End If

'Next Point
StepPoint += 1
End While

If numStop < 36@ Then

StopWatch.Reset()
StopMatch.Start()

'DELAY 1000 MS-=======me--cs===

Do
Application.DoEvents()

Laop Until StopWatch.ElapsedMilliseconds > 2080

StopWatch.Stop()

pulse = numStop * 5@  'See pulse/Deg.

plsA = pulse Mod 255
plsB = (pulse \ 255) Mod 255
plsC = (pulse \ 255) \ 255

SerialPortil.DiscardInBuffer()

SerialPortl.DiscardOutBuffer()

serialPorti.Write("L")
serialPortl.Write(Chr(plsA))

"4
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SerialPortl.Write(Chr(plsB))
SerialPortl.Write(Chr(plsC))
End If

If StepNumber = numStop Then

gbDirectiions.Enabled = False

gbScanConditions.Enabled = False

gbMeasurement.Enabled = False

MessageBox.Show("Scan Complete”, “Ellipsometer”, MessageBoxButtons.OK)
End If

Catch ex As Exception
'Noting
End Try

End Sub
private Sub CounterClockwise_Mode()}

numStart = CDbl(txtAngleStart.Text)
numStop = CDbl(txtAngleStop.Text)
numRes = CDbl(txtAngleResulution.Text)

pulse = numRes * 580 '50@ pulse/Deg.
plsA = pulse Mod 255

plsB = (pulse \ 255) Mod 255

plsC = (pulse \ 255) \ 255

Try
While Scanning

If numStart < numStop Then
StepNumber = numStart + (StepPoint * numRes)
End If

ReDim Preserve DataAnalyzer(® To StepPoint)
ReDim Preserve DataIntensity(@ To StepPoint)

If StepPoint = @ Then
DMM.WriteString("READ?")
volt = DMM.ReadNumber

ElseIf StepPoint > @ Then

SerialPortl.DiscardInBuffer()
SerialPortl.DiscardOutBuffer()
SerialPortl.Write("L")
SerialPortl.Write(Chr(plsA))
serialPorti.Write(Chr(plsB))
SerialPortl.Write(Chr(plsC))

Try
ByteIncoming = SerialPortl.ReadByte
If ByteIncoming = Asc("Z") Then

StopWatch.Reset()
StopWatch.Start()

DMM.WriteString("READ?")
'DELAY 200 MS-ccccccmme--cmcccccmmmmmmm oo m s
Do
Application.DoEvents()
Loop Until StopWatch.ElapsedMilliseconds > 208

volt = DMM.ReadNumber
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StopWatch.Stop()

Else
‘nothing
End If

Catch ex As Exception

‘Do Nothing
End Try
End If
"Liudana
DataAnalyzer(StepPoint) = StepNumber
DataIntensity(StepPoint) = volt

' Update Chart

If AxDynaPlot.DataCurves.Count = @ Then
MyCurve = AnynaPlot.DataCurves.AddParametric("CUrve", numStart, numRes, Datalntensity, «

DataIntensity.Length).Curve()

Else
MyCurve.UpdateDataParametric(numStart, numRes, DataIntensity, DataIntensity.Length)
AxDynaPlot.Axes.Autoscale()

End If

If numStart < numStop Then
If numStop = StepNumber Then Scanning = False
End If

If StopBackslide = True Then

StopWatch.Reset()
StopWatch.Start()

'DELAY 1800 MS------=-=-=mmmm=m=======m—-———amm= oo
Do

Application.DoEvents()
Loop Until StopWatch.ElapsedMilliseconds > 16e@

StopWatch.Stop()

StepBack = numStart + StepNumber

pulse = StepBack * 56@  '5e@ pulse/Deg.
plsA = pulse Mod 255

plsB = (pulse \ 255) Mod 255

plsC = (pulse \ 255) \ 255

n

n

serialPortil.DiscardInBuffer()
SerialPortl.DiscardOutBuffer()
SerialPortl.Write("R")
SerialPortl.Write(Chr(plsA))
serialPortl.Write(Chr(plsB))
SerialPortl.Write(Chr(plsC))

Elself StepBack = @ And 360 Then
"Noting
End If

'Next Point
StepPoint += 1
End While

If numStop < 360 Then
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StopWatch.Reset()
StopWatch.Start()
"DELAY 1088 MS---=-==-=----===--=-==-=-=--=--=-=-=so-mosmsosens
Do
Application.DoEvents()
Loop Until StopWatch.ElapsedMilliseconds > 1060

StopWatch.Stop()

pulse = numStop * 588  '560 pulse/Deg.

plsA = pulse Mod 255
plsB = (pulse \ 255) Mod 255
plsC = (pulse \ 255) \ 255

SerialPortl.DiscardInBuffer()

SerialPortl.DiscardQutBuffer()

SerialPortl.Write("R")

SerialPortl.Write(Chr(plsA))

serialPortl.Write(Chr(plsB))

SerialPortl.Write(Chr(plsC))
End If

If StepNumber = numStop Then

gbDirectiions.Enabled = False

gbScanConditions.Enabled = False

gbMeasurement.Enabled = False

MessageBox.Show("Scan Complete”, "Ellipsometer”, MessageBoxButtons.OK)
End If

Catch ex As Exception
'Noting
End Try
End Sub

Private Sub ResetDynaplot()

Dim x(8@) As Double
pDim y(@) As Double

AnynaPlot.DataCurves.RemoveAll()
MyCurve = AnynaPlot.DataCurves.Add(“Reset“, X, ¥, ©, False).Curve

AxDynaPlot.Axes.XAxis.From = @
AxDynaPlot.Axes.XAxis.To = 360
AxDynaPlot.Axes.YAxis.From = @
AnynaPlot Axes.YAxis.To = 50

Catch ex As Exception
‘Noting
End Try

End Sub
private Sub ResetSetting()

radClockwise.Checked = False
radCounterClockwise.Checked = False

txtAngleStart.Text =
txtAngleStop.Text = "360"
txtAngleResulution.Text = b B L

gbDirectiions.Enabled = True
gbhScanConditions.Enabled = True
gbMeasurement.Enabled = False

StepPoint =
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Scanning = False
btnClick = False
StopBackslide = False
ByteIncoming = @

End Sub

Private Sub GotoStart_CW()

‘Update Bottons
gbMeasurement.Enabled = True
ptnstart.Enabled = True
btnPause.Enabled = False
btnStop.Enabled = False

numStart = (Dbl(txtAngleStart.Text)

nou

pulse = numStart * 500  '500 pulse/Deg.

plsA = pulse Mod 255

plsB = (pulse \ 255) Mod 255
plsC = (pulse \ 255) \ 255
Try

serialPortl.DiscardInBuffer()
serialPortl.DiscardoutBuffer()
serialPortl.Write("R")
serialPortl.Write(Chr(plsA))
serialPortli.Write(Chr(plsB))
SerialPortl.Write(Chr(plsC))

Catch ex As Exception
'Nothing
End Try

End Sub
pPrivate Sub GotoStart_CCW()

'Update Bottons
gbMeasurement.Enabled = True
btnStart.Enabled = True
btnPause.Enabled = False
btnStop.Enabled = False

numStart = CDbl(txtAngleStart.Text)

pulse = numStart * 568  '5€@ pulse/Deg.

plsA = pulse Mod 255

plsB = (pulse \ 255) Mod 255
plsC = (pulse \ 255) \ 255
Try

SerialPortl.DiscardInBuffer()
SerialPortil.DiscardOutBuffer()
SerialPortl.Write("L")
serialPortl.Write(Chr(plsA))
serialPortl.Write(Chr(plsB))
SerialPortl.Write(Chr(plsC))

Catch ex As Exception
"Nothing
End Try
End Sub

Private Sub StartRunning()

Scanning = True

'Update Bottons
btnStart.Enabled = False



}:\@4-Ellipsometer Program\Ellipsometer Rev@35\Ellipsometer\FormMain.vb 9

btnPause.Enabled = True

btnStop.Enabled = True

'Serect directions Mode

If radClockwise.Checked = True Then
Clockwise_Mode()

ElseIf radCounterClockwise.Checked = True Then
CounterClockwise_Mode()

End If

End Sub

private Sub PauseRunning()
PauseBotton()
'Update Bottons
btnStart.Enabled = False
btnPause.Enabled = True
btnStop.Enabled = True

If btnPause.Text = "Pause" Then
ContinueRunning()

ElseIf btnPause.Text = “Continue® Then
Scanning = False

End If

End Sub

Private Sub ContinueRunning()

Scanning = True

'Update Bottons

btnStart.Enabled False

btnPause.Enabled = True

btnStop.Enabled = True

‘Sserect directions Mode

1f radClockwise.Checked = True Then
Clockwise_Mode()

Elself radCounterClockwise.Checked = True Then
CounterClockwise_Mode()

End If

won

End Sub

private Sub StopRunning()
Scanning = False
StopBackslide = True
'Update Bottons
btnStart.Enabled = False
btnPause.Enabled = False
btnPause.Text = "Pause"
btnStop.Enabled = False

End Sub

Private Sub PauseBotton()
btnClick = Not btnClick
If btnClick = True Then
btnPause.Text = "Continue”
ElseIf btnClick = False Then
btnPause.Text = "Pause”
End If
End Sub

#End Region
#Region "Scan conditions”
Private Sub btnGotoStartPoint_Click(Byval sender As System.Object, ByVal e As System.EventArgs) Handles «
btnGotoStartPoint.Click
gbDirectiions.Enabled = False
gbScanConditions.Enabled = False
If radClockwise.Checked = True Then

GotoStart_CW()
ElseIf radCounterClockwise.Checked = True Then
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GotoStart_CCW()
Else
MsgBox("You have not selected direction mode.”, MessageBoxIcon.Error)
gbbirectiions.Enabled = True
ngcanConditions.Enahled = True
End If

End Sub

private Sub btnStart_Click(Byval sender As System.Object, Byval e As System.EventArgs) Handles btnStart. ¢
Click

StepPoint = @

Scanning = False

btnClick = False

StopBackslide = False

ByteIncoming = @

StartRunning()
End Sub

Private Sub btnPause_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles btnPause. ¥
Click

pPauseRunning()
End Sub

Private Sub btnStop_Click(Byval sender As System.Object, Byval e As System.EventArgs) Handles btnStop. ¢
Click

StopRunning()
End Sub

Private Sub mnuMeasureStart_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles "4
mhuMeasureStart.Click

'Update Menu

mnuMeasureStart.Enabled = False

mnuMeasureStop.Enabled = True

mnuMeasurePause.Enabled = True

mnuMeasureContinue.Enabled = False

StartRunning()
End Sub

private Sub mhuMeasureStop_Click(ByvVal sender As System.Object, Byval e As System.EventArgs) Handles "4
mnuMeasureStop.Click

'Update Menu

mnuMeasureStart.Enabled = False

mnuMeasureStop.Enabled = False

mhuMeasurePause.Enabled = False

mnuMeasureContinue.Enabled = False

StopRunning()
End Sub

private Sub mnuMeasurePause_Click(ByVal sender As System.Object, Byval e As System.EventArgs) Handles "4
mnuMeasurePause.Click

'Update Menu

mnuMeasureStart.Enabled = False

mhuMeasureStop.Enabled = True

mnuMeasurePause.Enabled = False

mnuMeasureContinue.Enabled = True

pauseRunning()
End Sub

private Sub mnuMeasureContinue_Click(ByVal sender As System.Object, Byval e As System.EventArgs) Handles ¢
mhuMeasureContinue.Click

'Update Menu

mnuMeasureStart.Enabled = False

mnuMeasureStop.Enabled = True

mnuMeasurePause.Enabled = False

mnuMeasureContinue.Enabled = False

pauseRunning()
End Sub

#End Region

#Region "File”
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Private Sub mnuFileNewMeasurement_Click(ByvVal sender As System.Object, ByVal e As System.EventArgs) "4
Handles mnuFileNewMeasurement.Click

ResetDynaplot()

ResetSetting()

End Sub

Private Sub mnuFileSaveData_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles v
mnuFileSaveData.Click

Dim tempStr As String =
For IDX As Integer = 8 To DataAnalyzer.Length - 1

tempStr &= DataAnalyzer(IDX) & »," & DataIntensity(IDX) & vbNewLine
Next

Try

With SaveData
_Filter = "Text File(*.csv)|*.csv"
Title = "uiinlWd"
.AddExtension = True
.DefaultExt = ".csv"
.FileName = "*.csv"
.ValidateNames = True
.OverwritePrompt = True

End With

If SaveData.ShowDialog = Windows .Forms.DialogResult.0K Then
Dim fileName As String = SaveData.FileName
My.Computer.FileSystem.NriteAllText(fileName, tempStr, False)
End If

Catch ex As Exception
'Noting
End Try

End Sub

private Sub mnuFileSaveDataAs_Click(ByVal sender As System.0Object, ByVal e As System.EventArgs) Handles «
mnuFileSaveDataAs.Click

End Sub

Private Sub mnufFileExit_Click(ByVal sender As System.Object, Byval e As System.EventArgs) Handles "4
mnuFileExit.Click

Me.Close()
End Sub

#End Region
#Region "Device”
Private Sub ConnectDivice()
If strClose = “True" Then

*Connect DMM 34401A
Try
ioMgr = New Ivi.Visa.Interop.ResourceManager
DMM = New Ivi.Visa.Interop.FormattedI0488
DMM.IO = ioMgr.Open(strDMMAddress)
DMM.IO.Timeout = 7000
DMM.WriteString("CONF:VOLT:DC 15, ©.8801") *15-> range , ©.0801 -> resolution

1blDMM.Text = “Connected”
1b1DMM.BackColor = Color.LimeGreen
Catch ex As Exception
MsgBox{ex.Message)
1blusB.Text = “"Disconnected"
1b1USB.BackColor = Color.Red
End Try
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‘Connect USB Port
Try

If SerialPortl.IsOpen Then SerialPortl.Close()
SerialPortl.PortName = strPortName
SerialPortl.BaudRate = 19200
SerialPortl.Parity = 10.Ports.Parity.None
SerialPortl.DataBits = 8

SerialPortl.Handshake = I0.Ports.Handshake.None
SerialPortl.StopBits = IO0.Ports.StopBits.One
SerialPortl.RtsEnable = True
SerialPortl.WriteTimeout = 1060
SerialPortl.ReadTimeocut = 7000
SerialPorti.Encoding = System.Text.Encoding.Default
SerialPortl.0Open()

1blUSB.Text = "Connected"
1b1USB.BackColor = Color.LimeGreen
Catch ex As Exception
MsgBox{ex.Message)
1b1USB.Text = "Disconnected”
1b1USB.BackColor = Color.Red
End Try

ElseIf strClose = "False" Then
gbDirectiions.Enabled = False
gbScanConditions.Enabled = False
gbMeasurement.Enabled = False

End If

Tf 1b1DMM.Text = "Connected” And 1blUSB.Text = "Connected"” Then
ngirectiions.Enahled = True
gbScanConditions.Enabled = True
gbMeasurement.Enabled = False

End If

End Sub
Private Sub DisconnectDevice()

'Disconnect DMM 34401A
Try
DMM.I0.Close()
1b1DMM.Text = "Disconnected”
1b1DMM.BackColor = Color.Red
Catch ex As Exception
'Noting
1b1DMM.Text = "Disconnected”
1b1DMM.BackColor = Color.Red
End Try

'Disconnect USB Port
Try
SerialPortl.Close()
1blUSB.Text = "Disconnected"
1b1USB.BackColor = Color.Red
Catch ex As Exception
'Noting
1b1USB.Text = "Disconnected"
1b1USB.BackColor = Color.Red
End Try

1f 1b1DMM.Text = "Disconnected” And 1blUSB.Text = "pisconnected” Then
gbDirectiions.Enabled = False
ghScanConditions.Enabled = False
gbMeasurement.Enabled = False

End If

End Sub
Private Sub mnuDeviceConnect_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
mnuDeviceConnect.Click
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FormSettingConnect.ShowDialog()
ConnectDivice()

End Sub

private Sub mnuDeviceDisconnect_Click(Byval sender As System.Object, ByVal e As System.EventArgs) v
Handles mnuDeviceDisconnect.Click

DisconnectDevice()
End Sub

#End Region

#Region "Options”

Private Sub mnqutiansSettingAnalyzerﬂClick(ByVal sender As System.Object, ByVal e As System.EventArgs) «
Handles mnuOptionsSettingAnalyzer.Click

If MsgBox("Do you want to setting analyzer 2", MsgBoxStyle.OkCancel + MsgBoxStyle.Question, "Setting ¢
Analyzer") = MsgBoxResult.0Ok Then
StepPoint = @
Vmax = ©
iblPleasewait.Text = "Please wait..."
pghSettingAnalyzer.Visible = True

pgbSettingAnalyzer.Minimum = ©
pngettingAnalyzer.Maximum = 360
1blPercent.Text = "o%"
Scanning = True
SettingAnalyzer()
Else
'Nothing
End If
End Sub
#End Region
#Region "Help"
Private Sub mnuHelpManual_Click(ByVal sender As System.Object, Byval e As System.EventArgs) Handles "4

mnuHelpManual.Click
Messageaox.Show(“35n111ﬂTﬂ1un1u§aiﬂTﬂﬁLaai“ + vbCrLf + " ™, “"Manual", MessageBoxButtons.OK)

End Sub
Private Sub mnuHelpAbout_Click{(ByVal sender As System.Object, ByvVal e As System.EventArgs) Handles "4
mnuHelpAbout.Click

MessageBox.Show("Ellipsometer Program" + vbCrLf + "©2013, Applied Physics @KMITL." + vbCrLf + "4
"Design by Suree Lamphao", "About Ellipsometer Program", MessageBoxButtons.0K)
End Sub
private Sub FormMain_FormClosing(ByVal sender As system.Object, Byval e As System.Windows.Forms. "4

FormClosingEventArgs) Handles MyBase.FormClosing

If MsgBox("Do you want to exit program ?", MsgBoxStyle.YesNo + MsgBoxStyle.Question, "Exit") = v
MsgBoxResult.Yes Then
e.Cancel = False
Else
e.Cancel = True
End If
End Sub

#End Region
Private Sub SettingAnalyzer()

pulse = 1 * 588  '5e8 pulse/Deg.

plsA = pulse Mod 255

plsB = (pulse \ 255) Mod 255
plsC = (pulse \ 255) \ 255
Try

While Scanning
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stepNumber = @ + (StepPoint * 1)

ReDim Preserve DataAnalyzer(® To StepPoint)
ReDim Preserve DataIntensity(@ To StepPoint)

If StepPoint = @ Then
DMM.WriteString(“READ?")
volt = DMM.ReadNumber

ElseIf StepPoint > @ Then

serialPortil.DiscardInBuffer()
gerialPortl.DiscardOutBuffer()
serialPortl.Write("R")
serialPortl.Write(Chr(plsA))
SerialPortl.Write(Chr(plsB))
SerialPortl.Write(Chr(plsC))

Try
ByteIncoming = SerialPortl.ReadByte
If ByteIncoming = Asc("Z") Then

StopWatch.Reset()
StopWatch.Start()

DMM.WriteString("READ?")
'"DELAY 288 MS-----==------==--====m=---ossssossssssoos
Do
Application.DoEvents()
Loop Until StopWatch.ElapsedMilliseconds > 200

volt = DMM.ReadNumber

StopWatch.Stop()

Else
"nothing
End If

Catch ex As Exception

'Do Nothing
End Try

"WAutana
DataAnalyzer(StepPoint) = StepNumber
DataIntensity(StepPoint) = volt

1f DataIntensity(StepPoint) > Vmax Then

Vmax = volt
angle = StepNumber
End If

If StepNumber = 36@ Then Scanning = False

pgbSettingAnalyzer.Value = StepNumber
1blPercent.Text = (StepNumber * 1@@) \ 36@ & "%
'Next Point
StepPoint += 1

End While
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1blPleasewait.Text = "Scan Complete
1blPleasewait.Text = ™"
1blPercent.Text = ""
pngettingAnalyzer.Visible = False
‘set analyzer-------====----=s=s--—ssoossososssomomosssSmomooemT

pulse = angle * 500  '5@@ pulse/Deg.

plsA = pulse Mod 255
plsB = (pulse \ 255) Mod 255
plsC = (pulse \ 255) \ 255

SerialPortl.DiscardInBuffer()
SerialPortil.DiscardOutBuffer()
serialPortl.Write("R")
serialPortl.Write(Chr(plsA))
SerialPortl.Write(Chr(plsB))
serialPortl.Write(Chr(plsC))

ByteIncoming = SerialPortl.ReadByte
If ByteIncoming = Asc("Z") Then

MsgBox("Set Analyzer Complete", MsgBoxStyle.OkOnly, "Setting Analyzer™)
Else

'nothing

Catch ex As Exception

End Try

End Sub

Private Sub FormMain_Load(Byval sender As System.Object, ByVal e As System.EventArgs) Handles MyBase.
Load

gbDirectiions.Enabled = False

gbScanConditions.Enabled = False

gbMeasurement.Enabled = False

gbAnalysis.Enabled = True

pngettingAnalyzer.Visible = False

1blPleasewait.Text = ""

1blPercent.Text = ™"
End Sub

Private Sub btnImportData_Click(Byval sender As System.Object, Byval e As system.EventArgs) Handles
btnImportData.Click

ImportDATA()
End Sub

private Sub btnDataAnalysis_Click(Byval sender As System.Object, ByVal e As System.EventArgs) Handles
btnDataAnalysis.Click

Analysis()
End Sub

End Class
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Oriental Motor U.S.A. Corp.

1001 Knox St.

Torrance, CA 90502

Tel: 800-418-7903 Fax: 800-309-7999
www._orientalmeotor.com

Item # DG60-ASAK, Hollow Rotary Actuator
Web Price $1406.00

Hollow Rotary Actuator

AlphaStep closed loop step motors with a hollow rotary gearhead.
» Large-Diameter, Hollow Output Table

- Direct Coupling

= Accurate Positioning

= Shorter Positioning Time

» Easy Home Operation

Y. C€ @oHS)

- LEAD TIME - SPECIFICATIONS

LEAD TIME

13

¥ Avilable to ship ! Contact your local sales office for more information.

1 Quoted Ship Date for orders placed before 12:00pm PST in quantities listed.
A newer version of this product is available, contact your local sales office for more information.

SPECIFICATIONS
Motor Type Hollow Rotary Actuator
Type Standard
Frame Size (in. sq.) 2.36

~Power Supply 24 VDC

I

"‘ Current 1.0A
Shaft Single
Permissible Torque (lb-in) 7.9
Maximum Holding Torque (lb-in) 3.8
Inertial Moment (oz-in2) 24

§/2/2013 | Page 1 of 2



Permissible Speed (r/min)

200

Resolution

9000 P/R (Resolution Setting: 0.04°/pulse [500] [X1])
18000 P/R (Resolution Setting: 0.02°/pulse [1000] [X1])
90000 P/R (Resolution Setting: 0.004°/pulse [500] [X10])
180000 P/R (Resolution Setting: 0.002°/pulse [1000] [X10])

Repetitive Positioning Accuracy (sec)

+15 (£0.004°)

Lost Motion (min) 2(0.033%)
Angle Transfer Error (min) 4 (0.067°)

' ;ermissible Thrust Load (lb) 22
Permissible Moment Load (lb-in) 17.7
Parallelism of Output Table (in.) 0.002

ASD10A-K (Driver)
Components DGMB0-ASAK (Actuator)
RoHS Compliant Yes
UL
Safety Standards CCSEA
CE Marking EMC Directives
)

—

Insulation Class

[Motor] Class B (266°F [130°C]), Recognized as Class A (221°F [105°C]) by UL and CSA standards.

Insulation Resistance

[Motor] 100 M O minimum when measured by a V%O%VDC megger between the Frame - Motor and Sensor
ndings.
[Driver] 100 M O when measured by a 500 VDC megger between the Heat Sink - Power Supply Terminal.

Dielectric Strength (Motor)

Sufficient to withstand the following for 1 minute: Frame - Motor and Sensor Windings 0.5 kV 50 Hz or 60
Hz

Dielectric Strength (Driver)

Sufficient to withstand the following for 1 minute: Heﬁz sink - Power supply input terminal 0.5 kV 50 Hz or 60

Ambient Temperature Range

[Motor] 32°F ~ 122°F (0°C ~ 50°C) (nonfreezing), 32°F ~ 104°F (D°C ~ 40°C) when home-sensor set is
attached.
[Driver] 32°F ~ 104°F (0°C ~ 40°C) (nonfreezing).

- )
J

Ambient Humidity

85% or less (noncondensing)

Degree of Protection

Driver] IP0O
[Motor] IP40 (IP20 for motor connector)

9/2/2013 | Page 2 of 2
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ET-EASY168 STAMP fuuefnlulasaeuinsaailunszna AVRS nnadnaa laefaunn
aLaaLitas 2cm x Som Wiy damnaueda szanaiinfusdsreddad 28 DIP 300 {mennanld
Inlasaaulnaaefnsz)a AVRS e ATmega168 189 ATMEL i McU Uszanuesn Tnedanld
MCU wusﬂﬂammwu 32 TQFP wianasassauianfianLiiwatine Oscillator waz Reset 2awlidine
meluueis vananiuwdanalusauaindilfzuented USB Bridge 184 FTDI \wef FT232R it
iRmredassuuneynsudion RS232 fupsufiawmef PC fiwnanein USB LGRS

yinliiuefm ET-EASY168 STAMP Lﬂuum‘ﬂwmaﬂwmmmnwLwﬂuwi@ulﬂmmwswumuw
Aflusamsldaulilasreuinsanaimszna AVRE enauiiad WeausRaugne USB annasn
USB 183Atesnaniiamas PC dnAuse USB 189u8m ET-EASY168 STAMP Aignansaninisidie

1/ et d’ L3 v et
Tusunsd waz Download Code 13i1iu MCU Wearantmaaad L
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J8an1sABANIEYNTH RS232 drfuldanudeansuay Download Code Wiffu MCU Tuuaie
m  §i§1 AVRISP will IDE 10PIN @ wifuldl Download Tilsunsulifiu MCU maluveinlunsd
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AVR | Arduino | Pin ET-EASY168 STAMP Pin Arduino AVR

PDO Digital-0 1 28 +5V(+Vin) +5V(+Vin)
PD1 Digital-1 2 07 | +VCC(+5V) | +VCC(+5V)
PD2 Digital-2 3 26 RESET# | RESET(PCS)
PD3 Digital-3 4 25 Analog-0 | PCO/ADCO
PD4 Digital-4 5 24 Analog-1 PC1/ADCA
PD5 Digital-6 6 : , 23 Analog-2 | PC2/ADC2
PD6 | Digital-6 7 ¢ .‘: . 22 Analog3 | PC3/ADC3
PD7 Digital-7 8 i| 7= 21 Analog-4 | PC4/ADC4
PBO Digital-8 9 E /}} 20 Analog-5 PC5/ADC5
PBA Digita-9 | 10 ol 19 Analog-6 ADC6

PB2 Digital-10 P 18 Analog-7 ADCT7

PB3 Digital-11 12 17 +VCC(+5V) | +VCC(+5V)

s
Y
-
Pl vl r
r
|
| .

PB4 Digital-12 13 16 +AREF +AREF

GND GND 14 15 Digital-13 PB5

+VCC
GND
GND
GND
GND

AVR Arduino Pin AVRISP Pin Arduino AVR
PB3 | Digital-11 | MOSI 0 O wee | +vee | +vee
: , NC 00 GND GND GND
RES# RES# RES# RN GND GND GND
PB5 | Digita-13 | SCK Ell % GND GND GND
PB4 | Digita-12 | MISO GND GND GND
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wihaawdyaralunisldnuuny “Arduino Project”

e +5V(+Vin) umdmiulfidugaiuussiunuin +5VDC anmeuenielfifluumeng
IWideslifuveda

® +VCC(+5V) Lﬂumwziqdm‘lﬂf-mLﬁmﬁ'uﬁuﬁﬁaulﬁﬁu +VCC 184 MCU %mmﬁﬁzs"u
USIAUNNAIN 2 UMY sneiuAe 1FULTAU +5V(+Vin) A1 28 409UBTA UAT AN
+VUSB(+5V) annda USB 184ue3m toedl Diode Haatunisdiaunduretksamslinas

e +AREF lumdmiufudoyouinusssiugeds (Analog Reference) 19fun9ag Analog Input
Wnsdidiaants ussiudnaannanean

o RESET# dluandyayial RESET 183 CPU el Logic *0”

e Digital[0..13] slua1 /O wuu Digital anunsaldudensatudoyeyas Logic TTL (5V) A’

e Analog[0..7] {1 Input Wy Analog #13nFaFL Input Wil Analog 0..+5V

utinnaasdygilunisldauuuu “AVR Micro Controller”
e +5v(+Vin) (fundmiulfiiuaniuusduain +5VDC anmeneniieldifuumgiang
WidadliTuueda
® +VCC(+5V) Lﬂummea'\ifa"lﬂlﬂfimﬁmﬁuﬁuﬁﬂ@uwﬁu +VCC 181 MCU %mm'ﬁfaﬁu
WIAMNNAIN 2 wnas fneiuAe AFULIAY +5V(+Vin) ANt 28 183UafA WAY AN

+VUSB(+5V) an42 USB 184u85R 1aesil Diode Hlasiunisdiaunduanusasiulinia

e +AREF WandmiuFudoyoinissdiugneds (Analog Reference) Wiffua9as Analog Input

Tunsaifiaanis usaAUe19BIANNNEUSN
o RESET# flutndeyqynas RESET 184 CPU a1t Logic “0”
e PB[0.5] ilu /0 wuu Digital mmmlis’mm%amiﬂﬁuﬁrgtg'\m Logic TTL (5V) pine7]
e PD[0..7] \flu1 /O wu Digital anansolduideusatudoyayiod Logic TTL (5V) e
e PCl0.5] w1 /O ﬁ;ammmﬁwuﬂlﬁlﬂuﬁﬁq Digital uaz Analog Input

e ADC6,ADGC7 w11 Input Wil Analog €1u1#aFL Input Wil Analog 0..+5V
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lunsimunllsunsuresuain ET-EASY168 STAMP T fldanansadentdiEnaian
Tusunauld 2 guluuudaaiiu A
® AVR Micro Controller luniswaiealilsunsumugtuvuass AVR Micro Controller snf
102\"!1&’]?&1Lﬁﬂﬂlﬁﬂ?uﬂiNﬂﬂH’ﬂﬂ']ﬁiﬁﬁ?ﬂ#?Uﬂ'!ﬂﬁiﬂuf'luﬁll AVR 2§ ATmega168 34
fldanansaidenldtsunsalunsimunldmuauads iy nswan BASCOM-AVR
vi%a N1 L1 Code Vision Waz WinAVR lusiu
® Arduino Project Funsianntlsunsinelilisunsuazgaindlunmsdauilsunsusis
AN (C++) 984 “Arduino Project” 3 afutananisiaunlulasaeuinsaaes AVR Ly
Open Source d &l Fuanulauadraunvane tﬂmmmﬂu‘fmamsﬁu‘_lmwﬂ'ﬁq
Source Code Tunswaun i aunuasfiisaatslasauniansaetallsunsunns
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l~l JDS Uniphase

COMMERCIAL LASERS

Helium-Neon Laser Heads

1100 Series

Applications

« Flow cytometry

+ Metrology

+ Semiconductor inspection
« Alignment

* Laser-induced fluorescence
« Hematology

+ High-speed printing

Compliance
« CDRH 1040.10
* CE

| KeyFeatures - Longoperating life

! » Low noise

» Exceptional beam-pointing stability
» Long-term amplitude stability

The JDS Uniphase 1100 Series red helium-neon laser products offer low noise,
high power stability, and long life for the most demanding applications. With
more than 1.5 million units sold, JDS Uniphase lasers are the industry standard
for many advanced system designs.

JDS Uniphase manufactures helium-neon lasers in the red, green, yellow, and
orange wavelengths. All features our patented close-cathode design that rapidly
and uniformly distributes discharge heat throughout the laser, resulting in
excellent thermal, beam-pointing, and power stability. Qur patented field
concentrator design ignites the discharge within milliseconds of applying the
start voltage. Hard-sealed internal mirrors, small physical size, and low noise
result in greater reliability, longer life, and enhanced performance.

All JDS Uniphase helium-neon lasers are manufactured in a dedicated facility
using state-of-the-art process control technology. This enables us to achieve
higher process yields, and results in dependable lead times and excellent on-
time delivery performance.

NORTH AMERICA: 800 254-3684

WORLDWIDE: +800 5378-1DSU | WEBSITE: www.jdsu.com
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1100 SERIES

.

1100 Series Laser Heads (Specifications in inches unless otherwise noted.)

"L"max

I_z._l i‘?"l | / High \bltage Cable (72" length)

77
v %
L"A"-z \-'D"liia. l="B% m

Accessory Housing Holes:
M-3 on 1.38" (34.9 mm) bolt circle. Plane of Polarization "E" Vector
(1.740" diameter head only) /

Beam Output

NORTH AMERICA: 800 254-3684 | WORLDWIDE: +800 5378-JDSU ‘ WEBSITE: www.jdsu.com
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1100 SERIES

3

Specifications

i\
Parameter 1101/P 1103/P 1107/P 1108/P 1122/P 1125/P 1135/P 1137/P 1144/P 1145/P Unit
Optical
Min. output power (TEMo) 1.5 2.0 0.8 0.5 2.0 5.0 10.0 7.0 15.0 22.5/21.0 mW
‘Wavelength 632.8 632.8 632.8 632.8 632.8 632.8 632.8 632.8 632.8 632.8 nm
Mode purity (TEMw) >95 >95 >95 >95 >95 >95 >95 >95 >95 >95 %
Beam diameter 0.63 0.63 0.48 0.48 0.63 0.81 0.68 0.81 0.70 0.70 mm
(1/¢2 points, +3%, TEMm)
Beam divergence (TEMm, 13 1.3 1.7 1.8 13 1.0 L2 1.0 1.15 1.15 mrad
+3%, mrad- full angle)
Polarization ratio N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A -
(minimum, P versions) /500:1  /500:1  /500:1  /500:1  /500:1  /500:1  /500:1  /500:1  /500:1  /500:1
Longitudinal mode 730 730 1090 1090 730 435 320 435 257 257 MHz
spacing (nominal)
Maxinmum noise 0.1 0.1 0.1 0.1 0.1 02 1.0 0.2 0.5 0.5
(rms, 30 Hz to 10 MHz)
Max. drift (mean power 125 +25 125 *25 25 25 +3.0 25 +20 +2.0 %
measured over 8 hours)
Max. mode 3 3 10 20 3 2 2 2 1 i
sweeping contribution
Max. warm-up time 10 10 10 10 10 10 15 10 20 20 min.
(minutes to 95% power)
Beam pointing stability N/A N/A N/A N/A <0.10 <0.10 <0.10 <0.10 <0.20 <0.20 mrad
(from cold start, 25 °C)
Beam pointing stability N/A N/A NIA NfA <0.10 <0.10 <0.02 <0.02 <0.03 <0.03 mrad
(after 15 minutes warm-up)
Operating voltage 1700 1700 1250 1250 1800 2300 3100 2300 3800 3800 vVDC
(V DC £100)
Operating current 49 49 4.0 40 65 6.0 6.5 6.0 6.5 6.5 mA
(0.1 mA)
Dimensions
L-overall length 950 950  7.00  7.00 1071 1579 1913 1579 2500  25.00 inches
D-mounting diameter 1.245 1.245 1.245 1.245 1.740 1.740 1.740 1.740 1.740 1.740 inches
{£0.005 inches)
B-distance: cable end 1.00 1.00 0.75 0.75 1.50 3.00 4.00 3.00 5.00 5.00 inches
to mounting surface
A-distance: output end 0.75 075 0.50 050 1.50 3.00 4.00 3.00 5.00 5.00 inches
to mounting surface
CDRH class (head & IIla MIa I IT IIa b b b b b -
1200 Series power supply)

NORTH AMERICA: B0O 254-3684

WORLDWIDE: +800 5378-JDSU | WEBSITE: www.jdsu.com
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1100 SERIES

Specifications Continued

Parameter 1101/P 1103/P 1107/P 1108/FP 1122/P 1125/P 1135/F 1137/P 1144/P 1145/P
General

Maximum starting voltage 10kvV DC

Mode purity >95%

Storage lifetime Indefinite (hard-sealed)

Static alignment Center to outer cylinder within +0.01 inch. Parallel to outer cylinder within 1 mR.
Environmental

Temperature -40 to 70 °C (operating), -40 to 150 °C (non-operating)

Atitade 0 to 10,000 feet (operating), 0 to 70,000 feet (non-operating)

Relative humidity (no condensation) 0 to 100%

Shock 25 g for 11 ms, 100 g for 1 ms

Physical

Shipping weight 5 Ib. (1100 Series heads); 10 Ib. (1100 Series head and 1200 Series power supply)

Ordering Information

For more information on this or other products and their availability, please contact your local JDS Uniphase account manager ot JDS
Uniphase directly at 1-800-254-3684 in North America and +800-5378-JDSU worldwide or via e-mail at sales@jdsu.com.

Sample: 1122P

NORTH AMERICA: 800 254-3684 ‘ WORLDWIDE: +800 5378-JDSU | WEBSITE: www.jdsu.com
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1100 SERIES

Warranty

JDS Uniphase helium-neon laser systems are warranted to be free of defects in workmanship and materials for twelve months from the
date of shipment.

DO NOT STARE INTQ BEAM OR vEW
DIRECTLY WITH OPTICAL INETRUMEMNT

Class I, 632.8 nm

AVOID EXPOSURE

LASER RADIATION

D0 NOT STARE INTO BEAM OR VIEW
DIRECTLY WITH OPTICAL INSTRUMENT

Ciass lila, 632.8 nm

LASER RADIATION
AVOID EXPOSURE TO BEAM
Class llib, 632.8 nm
+

Lurope 2 S J1¥y

AVOID EXPOSURE

AVOID EXPOSURE

Regulatory Compliance

The products listed in this bulletin comply to one or more of the following regulatory standards, and may display one or more of the
safety ]abels shown below. Contact your local JDS Uniphase sales representative for additional information on specific products or

TUV&A

q SOLUTIONS

All statements, techmical information and recommendations related to the products herein are based upon information believed 1o be
reliable or accurate. However, the accuracy or completencss thereof is not guaranteed, and no responsibility is assumed for any

oto ons inaccutacies. The user assumes all risks and lisbility whatsoever in connection with the use ofa product or its application. JDS Uniphase
Ehﬂ :l;: Sduih rescrves the right t change at any time without notice the design, specifications, function. fit or form of its products described herein,
nit A, 40 Captains Road inchunding withdrawal o amy time of 3 product offeed Ko sale bervin. IS Uniphase makes po 1oy oms that the prodacts
Ediﬂbtll’gl'l, EH17 8QF, UK herein are free from any intdlectus] prperty dais of others. Please contact JDS Uniphase for more information. DS Uniphase and
Tel: +44(0)131 664 8122 thae JDS Daiphsase bago ane trademarks of JOS Uniphase Corporation. Other trademarks ate the property of their respective holders.
Fax: +44 (0)131 664 8144 ©2005 TDS Uniphase Corporation, All ights reserved. 21021910 Rey. 004 05/05

Email: sales@photonicsolutions.co.uk
Web: www.photonicsolutions.co.uk

NORTH AMERICA: BOO 254-3684 WORLDWIDE: +800 5378-JDSU ‘ WEBSITE: www.jdsu.com



