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ABSTRACT

This special project is the study of Michelson’s interferometer which is a high precise
measurement, It is used to measure surface roughness in order to study surface characteristics of
sample i.e. coins. The principal of the system using He-Ne laser as a light source which has 632.8
nanometers of wavelength is proposed. The interference fringes are detected by photo detector
which transforms optical signals into electrical signals to oscilloscope. As a result, this technique
allows us to find out the characteristics of 100 Yen coin’s surface that is distinguishable and use of
piezoelectric helps us to work delicately. We fix the first coordinate at the center of a coin given
optical path difference (OPD) equals zero. We also fix the other coordinates to compare OPD with

the first one. To summarize, the coordinate that is higher has more OPD than the lower,



/a

aanssulszmea

=, v° o ] - d o 9 ° » '
Tnswfieiidusoganldded WiesnnldSudwusihuazanusomieiy
[l = = 1’3 o a o o 4 Y o« Y]
26197910 3A.AT.UTT PRI 91 sddsshimaiNdndUssynd anzInumans aaitiy
a Tu Tadwszeoundudgunmisaanszle  e10sdnidinu Inssaumea laldnnud
o =2 ° ° 1 [} A A we o 9o
Adsnymazimuzii asuenlalduazrumaeloganyuiailerilumsduiinam
o -3 a’ aa
unseiuaiefiumsite
= s - Fa) d‘l o = Y o o
YBUNTERG IA.AT.TVE MYIM 320D9019150MNDuY Yizsima s HFnddszyna
a ¢ o < ¥ ¥ o dq Yo (@
augImnmans  oonhunaTuladwszsoumndusmunisananszls Alvdndinm
® ° L) n’; oo o’q 9
fumzinfluedied saneynnzidaniglnsalin
o ] = ' [ 9 = =, o o
vounszAMEIMNSINMIUNYsE i iomsroNasiy  maanddnddisgnd Awg
a 4 Y a ¥ ¥ v 44 A o w
Innmans aoitumalulainszeoumndudgunmisamnszily Aiveiegdnsstlumsda
¥ n’:w o o 8 e o L= 4
w1z wieunad IR muznih lumsléanu uaznissarhgunssidndae
o = o P ° ° 4 (Y
YOUNIZTAMONISOYSTIA uazhane Alddwuzih uazanugiumdelumsians
o = e
ginsaimsnaasslunuise
o o A aw o oA d o a a = o o
veuwssAIRQuAs  didu Ay usrRqunAnyligguen  mednddnd
L4 = -J o = w At
Uszond auzingrnmans aontiuma TuTadwszsoundudinunisaanssils Hraumaslu
LY o't oo Yo =2 o = : ]
MsiaegUnIal luandie waz Idansnu lumsdutiuauluduaoudieg
] »
vounssguiamsn) AldddslaezRuyuaivayu  sauisgomaolunisdam
o o @ o n’.« =1 -] =
ginsaidmmSudadutlelstiannsin |
d’ yﬁ ' et A o ’ = ﬂ 4 14
ueNVING AANYIVOVDUANIUN Lazeuqnnay Nasutiunde 1urag uald

f109lvmanau

UNT1IHING AU e

w1101 Ingwsvu



38y

unfatenIy Iny
UNFALDAYIDINGY
naRnssulsemis
sy
GRPMILTRERY
GRPSTITER]
UnH 1 umin
1.1 anushuveslassnuney
[ o P
1.2 Jagyuseanveslnssnuniay
1.3 YBUIAMIITUVDL INTIITUNIAY
¥
1.4 YUADUNITAUHUIIUIVY
P " Y =
1.5 sz Tominmaez 195unnInssnuniey
o a o A
N 2 nufuazHdannisiledu
= 'd = d =o o
2.1 duwese Tsiimesyila lunadu
2.2 15
4
2.2.1 anudumvesaeres
2.2.2 S2UUI0S
2.2.3 nanmsifauaaaes
22.4 amﬂuﬁﬁmmummwa{
2.2.5 TnuaYDLBUAITDS
Ld1]
2.3 1ALFD I N1y
| oo -
2.4 (ar0salnoutionu
2.4.1 Tnssadumeluvesaes adouiioon
242 NANNSIRALTNAITDS YD AT slauNTl ooy
= o o = . .
2.5 WoTwaannin (Piezoelectric)
YN 3 TUABUAITAWIUIIY
3.1 MIANIUNIINAADIDIDIMIUNG B

3.1.1 lumsradusunesdsoiiinos

10
11
16
17
17
18
20
22

22



3.1.2 HanAI§
3.1,3 N1INAADY
o Af s a o ] o Y o
3.2 msasniaiuilvesingiled e laulflyInslines
3.2.1 HanMs
3.2.2 NISNARDY
Y A” =y o Y ' 9 <y a o Y
3.3 msasavianuiivesiagiotslaslaitleladiannsn
3.3.1 ¥annis
3.3.2 N15NAADY
3.4 AITUATIZHRANITNARSS
Uni 4 NanIINARDUIAZ DAY T IUND
4.1 HANISANYITSUUMSUNINABATIA AT
P a g’!’ = = g/ & o
4.2 HamisfinIany HzHURwaaMS vy 100 1oy Taold lulaslines
Pt a o Y
uazito Tsdiannsn
unf 5 agtiazderuouue
P =
5.1 #yUwanisAny11ns s1uRieY
5.2 folauDIUy
A5 813989

NIARUIN

23
25
26
28
29
29
30
30
31
32
32

36

44
45
46
47



AFVYMITN

§ 1 o i a ° t 1 a o
A15149 4.1 LEAIRILITIAUTAANNNITUNINEDA & AutMUeR1eqved luinsiines
o 1 o 1 1 3 ¥ = 5/ ~ v

@1319% 4.2 1ARIA OPD o AWMUIA1 Auntiunioy Taoldlulasiives
P ' ° I [ LY P 9 A ad a
A131991 4.3 HAAIAY OPD 2 AMNUIA1 Auntiunsoy leolstlo Tydidnnsn
n' 1 o ] 1 9 % =) Y = o
A1519% 4.4 LAAIAT OPD @ Ay Hen19q munauvsvy lavlslulnsiines

a ' o Voot s = -t o d a
715199 4.5 4AAIAT OPD & AMMUA19 dundanion TaolddluTadiannsn

33
36
38
40

42



GRRRICTPN

JUR 11 ugrasiuuinesvesmsunsnaeniia lunady
o o a o < S & o
s 21 wesandnnisvesdumesiwe Isimesyila lumady
P : - 9/ = I'd Y g - o
U 22 Fwesunsnaeaildnindumesime Tstiwesviis lunady
a ; a a o
qUn23 Taswafnvsundosiuiauauarsos
d' & - 3
317124 umpImsganauuuwminYuDs
31 2.5 uanamsiia Tnuamuunuvouaes
i 26 uanemsirliuacamseinmeInuanmuodly Tnuader
11N 2.7 uansdnuuzves Inuan w1
[y ; o o Iy =)
31N 2.8 uamslassaanugulumsifauauniresveuniresaidoniionu
sUn 29 uamslaszunsuszdundanu
U7 2.10 TnssadreveadloTeBidnnin
4 ‘. "
3UN 2.11 wa@edlsingnisal Piezoelectricity
U 3.1 leezunsumsunsnaeayila lunadu
4 ) ok o o ae
314 3.2 (2) uag (b) uarasszuUMI AR lunadudume s ollReS INIUTTY
a ¥ o
welaminsunin
< a v & = & a ¢
133 eezunsuszuuildlunsnesssnisiafufiuuuwiowlu Insiines
< [ ot = o' oo
U9 3.4 wansszuumsnaaeslunadudumesWselines luauise
{ol¥ T IAdmamey
3U% 3.5 (3) waz (b) urauns ey Tavz 100 wunazdwmisialuanuite

)

UN 4.1 HanMSUNINAOAVDILIBLA TUIARTY VURINSUN W

» »
3.6 leezunsyszuunldlumsnanssmsdanuinuulesolasidnnin

ean
=n.

ean

o

42 namsunsnaoavewmisia lunaduuuseseadalaa Iny

h_

171 4.3 (a) uaz (b) wamenwFLRUs Tz IR T Tastines (mm) fuusedu (v)

- oo 2 - ¥ =1
1N 44 uanagarialumsiinuidumiuniogy

13
15
16
18
19
20
21
23

24

27

27

28
30
32

33

36



;ﬂﬁ 4.5 (a) uaz (b) LEAIAMUFURUTIEMIIRARAUAT OPD Auntiun3ogy diold
ulnsdwes

zu'ﬁ 4.6 (a) 4B (b) HAAIANUAUNUTIEMIRARAUAT OPD SunTiun3ogy
WialFislo Tadidnnsn

W47 uaasgaRtalumsinudundunioy

311'75 4.8 (2) UaY (b) UARINNINFUNUTTzHIRNATUAT OPD ArundumnSog
dolFlyInsiimes

U 4.9 (2) uaz ) neasnTmdIRUT T IRARRUA1 OPD AumdamSuy

dieldloTadidansn

37

39

40

41

43



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



o’ d
1.2 Inglszasn
<R £ o
1. Animsunsndoazia lunadu
I aQren = - =
2. nvnmantdvetlelydiannin
=2 ¥ o o - d - o &
3. Anwims 19 Tdsunsumuqumsinuvesiteladianminuazmituhama

a. dhalsz Tenlimermuuazlszgna 19 Tueuande 1y

1.3 YOUIUANM SIVB

»
=

Tulasanunenll H49

LY

¥
A Az 2 au Tasudsnuoaniiuadaue dad
1. mIunsndearilalunody
1.1 puawdanaslassadevouawed siiaaidou-tioou
s = a o a
12 guanidveadsledhnnin
1.3 msdszuion
r4 Tdsunsunruguiheddes
o o o a o 9
2. dmsdaginssimsnaassmuminsdne 13
3. ymsnaassningdnsainivall  dmuilgriinsudlesazdaulaslinionls
1 amiusziimstauimalsegnaioni U gz Tendlde wde 1y
. 4 a
4. Hminansanelszulonansa
LY ° » o’
5. wanngduuumsUssurarauazsih lddszgnaldlunsnivgulasldllsunsy

athadean'ly

1.4 YHADUMIIVBUDLITNMITA U

o oo ) o [ ar ’q ¥ a

Lodsmedde nged  weazgdnseinboadesdunisdszgnalsnmsunsnaaaie
lunadu
P} n:: o g ¥ o

2. Anwiduapumstinu  easavuilyvuesgdassalumsUszgndlSuazWanins
HNINADATLIA BAABTU
o & o ° w

3. ifvsvsmdeyafiisateaziniludeslFlumsiszond lduasmsWauimsunsn

AOAFLA lPady



- - 4 2 [O- ) o_ 9 9
4. 9OAUUUNIINANDINIANGHHUNAU numnﬁwmu‘uagaua:mmwa:g"rﬂumi
Y] ’q ¥ =Y [ h
Warudsegna ldmsunsneaoayiia luaadu

o’ o
5. naaeuns IFnugUnsaliimmessuaznaasumsiFaullsunsuniugy
. 4
6. Yimsnaasunolszulong
= (& o
7. Swnziteyanldvinnisnanes

LY

8. agUwad ldenamdtouaziousiue

1.5 wanmanozlasy
1. 1#Fuanmdises msumsnaeasiialuaadu

o

2. MlddSailinamdnnglumsihmsneasa nazns 1 ldsunsuadugulums

NANDY
3. Wauineznszuaumsfauaznmsudilymivedin

o Qs o 3 o = s ;
4. awrsoimanmsluInsse il luwanniifedse Tomidon1d



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



Ignanvunutudnaruares 1wt a.a. 1961 91974 (A, Javan) uazame ldadanives
A A - J o‘-d A e da o - =
sivutioouiudlunadussuazdorndummesmaszuuusnuedlan esdidouiiooull
o y (-4 o o o P ar ' o o 9 4
ManausznImstiauuasMaiosududnaruae; nanudusslunmsaduames

w = o' (Y] ¢ o ] o J &
Wufiutaziavessideniiosn menduaweivila1eg Nonerd1duuInuIoIazAINg1a

vea o o

o [ & o 3 o 22 waa ' o
e 1FNIvauuy vends veunad uazie s Minesinuauianuandeiu
: 3 d’l o o o o AS' 3
pon T usnumaniu Mds uardnyuzvesdweaanld
2.2.2 SYUVIADS (Laser system)
o @ - a0 o ] =y
suuiaires 1aona Islidmlssneuiiddg 3 daude
Jd M oo 4 .
1) 5D IHIOAINAUDDT (Laser medium)
o o 3 = wa o o Y a as J 4’1’
Mnarsawesizdssliguaudanmuisam lfifadszyinswndutumeluiioms.
e Y a a s @ -] ¥ ¥ Y
uaziidifamsilasunlassedundenuvesezaounie lwanauvugnidld danang
¢ v - Y o o o o o
(BLYDS 151 HANTUNN (Ruby crystal) (Wudnarunwesveaiaiwes Runiy (Ruby laser) Ay
' o o e o -] LY L4 I ] -
Rauseniemsdiaouiazfstioswiudnarnairesvosawessidouiioou arsazaod
s 4 3 9/
fioufn (Dye solution) IWuFnaruaesveuaesvounal (Dye laser) iudu
2) UMDINILNIAY (Power supply)
o 9 o ®© {1 o o o o 1o 4 q
wndsswidaimehiisedng ihisagaliundnmanaed enszdquliezany
; LY = Y Qo o °
3o lwanavesiinarvawesifaanizlszsnswniy Msnszgquamnaluaresdmsom
3 o J tar o Jn’: 5 o Y o o °
ldnae3Tdstusgiudnarnaresiug Tasmlinsnszquiinaiuamesineznssilu
silvesvoilinailuile (Optical pumping) 19U n13RIWUEIINNABAUNATUANT] (Flash lamp)
t @ = o o = o = o
Munndnury lunsdivesawesiununion1sfaMa¥A a7 (Gas discharge) 1uATAIvO
o e ) FY
miesdidouiiony Wudu
< o ndy R . P @ g 4 .
3) opUAfRan13A (Optical cavity) 70 paydAfas LA s (Optical resonator)
o oo t-‘.u:l’, 3 - -] o n’: o ¥
spdAfan1IntzdszAsuAWNsZIMARBUMIS lABIANAS NY A0 YU Ynranie
o & a o o ] - =& 2
fnaamesine IMifansazdounmindulundumsenhanssoniaaas Faszitlunsiiu
Y ¥ g 9= ' y 2 4 4 a '
AL nsqu IMnansaauugnis wLIY Wefannmsilauaaugn
¥
$1 uasdeananezgniiifazdounduiszuinnszenieasiunziiudlnaraaes

o > e Y - ' a o ad =1 g1
%Uﬂizﬂul’m‘uuuﬂ’J‘IIJL'UHQQWﬂﬂ‘ilzmuﬂf)ﬂmﬂﬂﬂﬂﬂﬂﬁﬂ'l’mlj1Lﬂuuﬁ~um’-‘]58'iﬂ6'lﬂ



F ¢

Optical cavity

4

)

Outpwt
\ . Laser medium / —_—

.| Power
3 o supply

o =

t=; ol A = 1 o o + 7
gﬂ‘n 23 ll?fﬂ\‘ISSUUL?IL"D'Bi‘D'QIJﬁ’JN']Jixﬂﬂ'lj'ﬂﬂ'l U 3 UAD AINDINUDFDIUNDINY

v
MaazenlananIf

2.2.3 ninmisihauaares
1) Msawduvgnid (Stimulated emission)
= a LY o P 4 ad < .:
WIITUITTAUNIU E, g E,Aagili 2.4 (n) iWedlanaseunfasuaniusnn g, 4u
' ad a o ad = o
lg E, Blanaseuszfimsganfundaau rdidnaseunlfoudeiuzein E, awng E,
o =) [ o 4o o 3 !
mﬁﬂmaukuﬂnmuwmamaaﬂm WHUNBIINATBUGANAUYIBATLBDNYMIUIETIA
MINUHDAYDISE ﬂuwaummﬁm (E, E,)m'lwwm»nummﬂﬂsauﬂﬂﬂauwsamuaanm
Hundaamuaanie Iaou muumsqﬂnauum (Light absorption) ﬂdsﬂ'ﬂ 24 (W) Gunn
4 . , . .
MIYANTULAVUIAATULE (Spontaneous absorption) LATNSIUAILAY (Light emission) fagdl
d‘ = ) T - J . . L) =y J
n24 ) 5UAN nsildsuaauuuiiatuey (Sponta.neous emission) AITIUARMVLINAYU
x od
iszifatuiiodidnasouganiuTiaewdly nmiudiinaseuszAvuan e w"lﬂagm
seAundsam E, fuilugonenszdu nmmaﬂmemzeg‘lus:ﬂuwawmu‘naﬂsn iienua
= . . o d (Y o [y o = o
(MF (Life time) B1ANATBUNIZANNAINGISTAUN I E, anudunazaondaaiulugl

voslvnouesni

1 ’
14 o

3/ v aa d [ or ' o = r-y-|
dluseninndinnasausgssAundau E, (@ luvuanaidia) §idaeuiil
LY ' ad a o ar q’ g )
WAIUMIAY E;- E= hv winsedu Sidnaseunszdundsam g, 9lusuiudeeseld
aa o w o [y [y a o
HuAMIFIaATIITnanndumdessRundau E, TduazdidneseunszaioInaousen

g dad a1 Voo ] o a/ P
niuves IlneunsdnassunmoeeniezlinwiItu E- E = hv wwidedny Ireufidn



4 » » » ] [
nizdu Idasunsaesdafiszmiloudunsluiieniamsinfoudl anuendu uaza ms
. ¥ 4
* @ o at 1 ' .. P o ]
waataednymzzisond mnﬂmumuuugm%ﬁ {Stimulated emission) cmuﬂmmgﬂ‘n 24

[ T Iy cly P a 4
(,) ﬁﬂHﬂlSﬂ'lﬂ'lJﬂQUﬂQllllUQﬂl'ﬂuﬁzl'ﬂu‘ﬂll'l‘llﬂﬁﬂ'l'ilﬂﬂltﬁﬂlﬂl"ﬁﬂi

E; : E;
’ hv
£ - l * - E,
{n) 131
Ex ‘ - —

E

o 2 a 4 4 a 2 A ad - 1Y
10 2.4 nansmsgandunaauuIiaYues Fufinvuiliedianaseuganau Inaswd
ad ) a 3 ' ] a 3 4 a J 4
Tudsdidnaseuntdsuaazen E, ¥ullq E, () msawawnuniaiiuies Fuistuie
a o 4 1 = g a

ainaseulasuamsn E, aang E, dlanaseussas Ilaouesnun (1) uasmsiiams
1 9y & a J A ad a Y o 9/ 14 o 9
wawmauugnidt FufavuiledidneseufiszAunasanu E, gnivasudnnnszqu milv

DR BUANNAUNITIsEAUNAIIU E, #iourumuIvineusenin (a)

2) 172¥InIHARY (Population inversion)
° a d { [ o ' (Y o w A
finudanasoufiszdundanu E, uay E, 181U n, uoe n, amdidy Ao

sqgep e o ad 1 o o
AUAANIINIINT BY (Thermal equilibrium) $1u7uBARATOU TUNAAZ STRUWEOLzTiu T

E,-E,
T

[ o [ n ..( ] 4
AMUMANNITNTZIWVD9 1UATUIU (Boltzman's constant) AFUNT —-=e 1o k e

n,
' P o D oA 23 - a
ANINUBe luaduu (Boltzman’s constant) FIUAUNIAY 1.38 x 10 J/K 4z T AD gUNHUUDI
o . [ 4 =1 P=) 1 ] -::
sEUU (K ) NN sz e n TuuuGuaiiauiuauy HEAIIINANITAUAANI
o o [l ) Vel ar Y] nlz 3
anuiou amﬂm‘aumu“lmlum:agm:ﬂuwmﬂu E, Wuho n>> n, WoNITNIIRILUE (vl

Ao [ ) s ¥ o 3 - 3 '
apu) ANdsNuiY E- E il luszuu seddiinsgenduuaannninmisilawas



v o o, ° o 1 ) o @ - v [y o
auuﬁ'wﬁ'ﬁimsm‘lﬁ'manmaumu"lwmagm:ﬂuwmam E, UNUNILOYTSAUNAINU E,

|
o

) Y o s q ¥ a
HUAD n << n, l)JB)Jﬂ'liﬂ'lUllf’N Wﬁ\N'l‘LllTnﬂ‘U E El l‘ll'l'l‘l.nlﬁzll'ﬂ n%:ﬂﬂmﬂﬂﬂﬁ

' 4 o
sﬂmumuwgmswu Sunanieinly n, <<n, 1 Usz9NIHNRY (Population inversion) 9%

o 1 o LY a o o 3 a v ¥ e 3
uimsifaanzdsenasanfududidududemsifansdwaauugnd dAniuly
/2 ¥ A Ao ¥ A o ¥ A o o A
szvuaes ldeddid i mihideundenuldunezasurse uanaludnaruaesine
° ¥y a o [} (Y [ " o' o ‘:
mitdaanzdsznnsuniuegansanar mstloundsulundmnamuares ludnyusi
5o Ms e (Pumping)
¥ ¥
3) m's'ummﬁuuﬁﬂﬂuh’f'aaﬂmﬁaﬂnﬁ (Light amplification by optical cavity)
sl luanzanganunimiou dasiduszndenmsifanldumuuuguiiiu
L = J + = ] 1
maldwauuiavuessiidnios 1deins IHifamslawduivugnidnnnnins
' J i o = d 1 as
Wawmwwudwes wdsaldiasuninnuduvsndsnuglunszquamnaseuiszdu
LY o 3 Pt a oo :u:y ' o A o
wiaw E, saniuSeiinmsadreszuueaddsaniidlfudiameSive umeazfoundu i
aw ad 4 a ¥ o 9 s 0.9 3o a
molueeddfanid FendumsmunnuduvedsnuldiuIdaew Mlddasniaians

[ Y a0 A' J d' - o I = J % ay
Lﬂammuuugm'smmmnmmmmamuunumsulmumuuumﬂwm Tﬂﬂauwmnuaau

»
o

' g
vzl A na Taoud Imiq 'uu"nﬂﬂmmﬂﬂﬂauiuaaﬂﬂﬂam SansmIuRuLn Y
Gouq FailufivesnisuoionAunas (Light amplification) e
a oo Aa:’ o o n’ o
aaﬂﬂﬂammummwasLi'lumsmtmﬂsz enazRouLa 2 Fuyuuuiu Taod

ﬂ’)ﬂﬁ'l\ﬂﬁl‘])’ﬂ‘iﬂg‘i”'l’!'niﬂiui]ﬂ'ﬂ\ii'fEN ANy ﬁjﬂﬁﬂiuﬂﬂﬂﬂl‘BﬂWi}lﬂUﬂ‘iu%ﬂlﬁ U‘LI'H?E]ﬂS“'Dﬂ

ad o

AR 1A mawaqnumﬁaammmwa“lﬁ'lﬂaaﬂﬂﬂammnumnusmwmmwmmmunmawas
wiiaiun ﬂszvnﬁ’mawzﬁmmﬁnus’mﬁmﬁﬂﬁ’ﬁ:ﬁauﬂﬁn'lﬂﬂﬁnmag'imﬁaﬁaﬂma
el udiiosnnnaveimsidsunuveaei iy ldansosmuas Wt eauysel
FwnszanuuuBon mazeinaanedunszieeenaweunszaniy Wuwavinlioires
Siefus e ﬁa{fur?'im’]aaﬁumsqnﬂuﬁuua:wamm'nﬁ’mmuﬁqndn nszanfildvines

aw s w 3 Y W Ame a Y Y &2 M4 A e 4w
ﬂﬂﬂﬁﬂ']")ﬂﬂ#”ﬂﬂz(l‘]fﬂizﬂﬂIﬂQl"J'l'ﬂlliﬁiJﬂTlllIﬂ\w'l'J‘] VI HUANDULAULTIDIUANUDUATY

»
ad

a a g P aw A o ] 3
AUz auaznszenuUG oSNt il FeoeUdfaniianidunuuiviuudaldie
Ngalundfiia

o o oar qu o - o nd’ L4
Taova T eedasanidnveuamesinseidnyuzidunrianuuudus iwe 158 (Fabry

»
@

» v ] My
Perot cavity) ABIZALMOULTINS DVBUAARNIEAAIIMEIATURMBIAUAITANUG AaTud

¥ ¥
=

4 a
LL’(‘f»ﬂ‘ﬂlﬂﬂ‘UUﬂ'lU‘luﬂ'l'JﬂlJHﬁ'lUﬂ'J'IllUTJﬂﬁ‘LJ ﬂ')'lllUT’JﬂﬁH‘Uﬂ»‘I!lﬁQVI'lIJﬂ'IﬁSﬂUﬂ'I U N 'l]



]
I

= o o - [ 9 Y o‘: =] t:i d'l ] -& 1 3
qtymumm'h]mﬂ'lngﬂwwmmwn AJUHUITIHADIR WIS LINAITUYTIAAUATHUIMUUN
¥ o LY o o :h;lw ==} . .
Qﬂ‘UU'IUﬂT]U!‘UiJ ﬂﬁlﬁuﬂﬁﬂﬂ'ﬁllﬂﬂml‘ﬂﬂiﬂ'lﬂllﬂﬂlliu&'!ﬂul!ﬁﬂﬁlﬂﬂﬁl (Monochromatic hght)
2.2.4 praniAvswmauaIyes
1) uea LICHe) (Monochromaticity)
g [ " e -9 a 9 =:=| A' = A A 9
l.ﬁl‘h’ﬂ'iﬂfn'll'ﬂuuﬂﬂﬁﬂ'l!'l«lﬂ!lﬁﬂ'ﬂ1ﬁl.!ﬁ‘1ﬂllﬂ’J'lllU']’JﬂﬁuLﬂU'JT‘ii’E]lJﬂ’J'IlIﬂ’J'NUOQ
Y 4 . o a wa & o a 4
?ﬂ'l]ﬂﬂillﬂ’ﬂﬂﬂ'l')ﬂﬁu (Spectrum width) MNUAVUING m‘suﬂmﬁnumi‘luuﬁamﬂmmmu
111999101510 UTEAUNSI UL URBITD (Discrete energy levels) 1upzaounie luiana

vosdana1satres v ldarudussuasn Idlinwiuouniunan19vesssAUNAIIY

= d

AE - 1 4 a o ay Y a Aa by =
Vv=— l!ﬁ:ﬂﬁvlﬂﬂ'liﬂﬂWﬂﬂﬂHuﬂGﬂ‘)UﬂBﬂﬂﬂﬁﬂﬂﬂ 1’1111’11ﬂﬂLL?I’G‘YI?Jﬂ’)'IiJI.‘UUQQ!WUQ

a Y aa ’ - ] o & Y 3 o ¥
anutiAyl defdnetsvesmaiunasiifien fe wasnuideuldudmesgniwnldlums
r ] 4
aSanauares nadiRs NI
2) NN NAULUUOY (Directionality)
residuuvasdulauasi uasdudwasvui Tnodweasszveldlusiams
= [y o o s/ ¥ ° . a1 a
weatu asdudwasvuiuseiilinisndeeonussd ey (Beam divergence) Hfuius
g v 4 ¢ a 4 do gy saa
andsuidonauaesiaumaiuszeznialnag aunguisni Muaumseiinanioh
] - o ' ’ a e L N A = .
mivsude N3 Idaeudiulnglussdadaniiainanisindeusn luuuannuues (Optical
H [Y - ° = o a Y 4 g o
axis) M3oAmINAUNIzanitPiesdlAnania e luuununastiinezgnusiody
wamuuuaaYes
3) audiuaga (High intensity)
) o 9 y oA LY 1 [ A A ] -~
msifunasninnudugavenaaareidofludnsuziauedimilai lumileu
- A A o o o5 9 da ¥ ] o [ ° 9/
unasduilauasdn iWevinms Iddauaanmes Widugeiifiduruguinaadauing v ld
oot v o . £ ©
HAUALYDI IAINNUIMUNYOINAIIIU (Energy  density)  ganin deenusori Ty 14w
] o/ & ﬂ 9 dyw = ° (vl [,
QATIMATIN 1FU NI3AA MuzuazmM oy illudu uenuintdativuivenaes 1l sl
a ¢ « : @ v o a
NuUMIRIIneImaasuazMsunnddle oudaareiannsznuiuiagla szifians
= o d?‘ o oot & b4 ' et -
SEUUSLHUYU (Laser specker) laumnizingnidiaveruniondus luonienifuazeninse
4 4 = 1 e [ or 1 °
pYMIALYINABLIANT v nesmAnmsazNounu lulifemedusyniadananniei
) = ar dg
Tifanssztuszovau
= « d
4) ANNYULAID WU (Coherency)
o oA e w o < 1 o - I v
anvuzIAUN 1Ay VDA UAIFDINUANA199 1ML 11 A nisiluudeeIvus

. o o 4 4§ 4 =
(Coherent light) 1a9@ WU Av uasndaMmutuszdouvesnauurs adunazauniallly



[} . ¥
firmaduadu Taolimamidousu (In phase) uasdioglussrldsamifseiinnuilueiutgs

~

VA = o = 1 ar = a
uaileumaRuNNBENINAIB S IaTAUMSINEINIANSBAInaN A uaamresiinesfie
¥ 3 v
smsisefumnmnivhidgydondimuezfamamandeuimnidaudueiusaans
o o = o w do a a o J '
szezmafnasaefidum Iduazdmannudlueiuiauay sxSenszoznading

@ o { o ] LY 1 Y =t @ [}
AUYIDTINUT (Coherent length) paifumskiumInauAazvinzinnusewus il

[ A J I or 3 o = ' e' @ :
MINUBIVHBYNUTUAUDIAINAN ﬂsmtuqmmwsaauazmmﬁmmuamaqmnmmuq

> ¢

] » T v
fatusnarsmeshauysel Tgaunnsesteouaziifemsminavedne: Iiuaaniinaw

o d a o [ o J o e
1170 RUTFI AanandInainesgriasoninluieal jiiams
5) Twan sy (Polarization)
i o : o [] 4 ] o
naaaesnnaneenuniu Taoya T luidlunas Tnan 1sa ualunisad aares 19

[} 1 »
UszAnSamgainizmimsasnsgudondanuvesnduuasiosioundy lunduinlumia

] -1 ¥ o o nadya o d A dq
noufoz lAuauaesmidageonin J5dvh lasdadarenasanireiniodnasiaiyes v

© = o o o o 4
BUARIYUUT 1A (Brewster’s angle) HULUNUYBINADAIDIFDTNITBAINAUAILOT DEM
y

1 H o =, 1 [l o ::’ o 1 a
Wuashaznounnnszonfivsznovduamesndawaddvasamwesnanua Hrldluine
L] L]

LK. 4

= o g 4 d’ﬂ (

asgydondenuvssndunauiissninnmisaziounioinm nzenhiladalevasaiaiye;

° = s a ' a o's 4 . < 3 a gy 4
uaziyuusmeesitiiondt USIAReIIU 1A (Brewster window) ¥IMs 14uS1mAniinlal
d’ o ol o q ar [
i lduaaaresi Il unas Inan lsdfigann ilesnnuasszdesazdeounduTundum

ad = - > ¢ sq v &
Tunianaisqsoy Sunieudunmisndunsesnnuilunar lsdveuaunrei igeiunas

ool a o 1Y Y

uaraairesf 1Rezlinunveams Inan lsgvunulfussuuannsenudunszan

2.2.5 Inuavesuayaires

= 4

- oo AEI, e o ° 1Y - = L a o
Bﬂﬂﬂﬂﬁﬂ'nﬂ‘llﬂﬂml‘lfﬂiHﬂﬂzﬂ']ﬁuﬂ’ll'ﬂﬂﬂﬂlﬂﬂiﬂiﬂﬂlﬂﬂillﬁﬂllﬂﬂ‘i-lWﬂTiﬁ

]
= 1

(Fabry-Perot interferometer) Sruavh IFuauamesniuoenuIEinNuEA199 ag:i'imwﬂﬁa a4
ﬁaﬂﬂﬁmﬁ"u'ﬂmﬂuﬁamawaﬂﬁﬁaﬂﬁé&uq uenIniganal¥iAn Inuaveaaaied 2
LuuAuiufAe Tnuan1ue17 (Longitudinal modes) 1192 TMUAAINYI14 (Transverse modes) il
sSwanduadad

2.2.5.1 Tviuaauem (Longitudinal modes) y5e Tnuamuuny (Axial modes)

n.a q:l’ '3 o L Ad' d‘ o t . 1
Tagia T Ao smpeseeMmssnuaudvesaanvi ldm Q (Quality factor) Hf1ge

v
a Aa Y

HazAIMS YAy (Loss) A1 Meimsgdsiilinniosnd18nsin1svenw (Gain) Tudnan
L4

od o o ' A d I Y o J o o ct
s nvzifauaumres uaRauluim @ geillulafavulunnaanuivewauaein

bl

Ce

' o W

o sg o a:f P} - 4 o 4 =) ar
!ﬂﬂﬁ]uiulm‘ﬁﬂiﬂ'I’JGI113llmW']:‘J‘UNﬂ’J'HJE‘ILﬂ']Nu'VIL‘U'ILQBH1‘1]‘[]63ﬂ15ﬂ11’l'€]” wUlRLINY



» ¥
fdoulvveanisiueen l 1dvewasludumosisolimos uuuuduS-meIsd Autuerdne

-] ) = 1 - o [Y ' o J '
yp e’ 99 L 1dfijusambeudumdansuvssnisilasuasnyminiuies sz

]
Al

] » »
Usznoudsyaveudualansumusinudndin Q ganulumiifveamwesiiu

[]
<y -

° 4 i s 1 o Qd’ o
TunisAmuataulonnildar @ gelumirein1da szHaswIvInAdussUILN

9

A o o u‘: o o o L4 ad a o ¥
LﬂﬁﬂH'V'I1u'ﬂﬁﬂ'Nﬂ~1ﬂ'lﬂﬂUﬂi:ilﬂVlﬂstﬂﬂUﬂulﬂuLﬁﬂiﬂiﬂ'l']ﬂ SUUSVI'NYIHﬁQlﬁN‘VI'Nvlﬂ
» »

» L 4
asusouTavazoutunszanNaasaiuTaumdy 2L (e L ADssusv193snI1NIsannamos
a 4 - A & = & v e 4l o 4
masruiaou 1U9nmsifuniavenduaI NP uN AT UK e T8 IMINY — fnay

é 3 [y =t Y o Q’ n-‘.'l = ~ ] = o 9 1 a
uaafasveunduinimsnduiraly 180° funaunaudvuazivwiamuay 9219 e
aduuasuifindsnuganefiez lunszduitifansdwmwuugnid 18 udesliann
Usgnswndusgiamm uafaduuasfinnudnhidfansastenludnyuzmansaiu @

[ :."] Y d'; 9 [ [ = o LY A' ] o J
phase) funduuaudy aauuaseedeunuiuumasy Midaduuaslindsnugiuies
= ] o o Y o [ 3 a Ad’ - =t 1 1 a
Woaneannmsymirldifanisiddwasnuugnisifinnwdil wiewatnedieiinszend

o o A‘: [ 9/ o o .: & 2 $ o o
dsznouiuduaweinmin s lfuaufanisazaundinuiu uazilenduuasdouriunu

= 44’: = ﬂ' a; '] Y a 3 a o O | n’ o d’
woanImineziinn Q g1 WoulviivhdifamsdeuiiudunefnsemsaiAuesuesnnuum
o a Y 1 o o o P &
Aemimmualinnuevosaes n3atvArIt U I UINIRNYEINTINITIvEIAVLN

& .Zr & ﬂ o o & - a A ' ﬂ o o =
Aoy L=q —2— e ql ‘IJlﬁﬂﬂ‘]u')ulﬂucﬂ\]ﬂﬂﬂﬂzﬂﬂn“ﬂ HBINNAT q ILUIDUIUINIAUN

= §

c g Ve o A ' A o 4 - ‘a S o -
mifisanuumatunargafidideu lvindunasnToauin WA ufan1sEdues Son

y ¥ ¥ ]
sUuuy (Pattern) iy Iddddueetin Inuaaiuunu wie Tvuaniuud Tasanuiives

[ 2 4
o [

3 - C P a - 4 ad A A
ugag Tnuam 1den vo=4| 57 FaduanudvssaiNiareinimiuiiss o c Ao

LY A

o ] 4 i 1o '
anuiiwaslugqgema sndudues Inuafiegaatunseszozvissznin Ivuamldenn

q

[ P of ] ] ' (J T ' :
AV =V, =V, = MU ITITTUTHI I THUAYDILaUAID T YUBYAUA1 L iy

» ] »
iissnnannaiuniiueindu veuaaaresdm ngeziinawniie faiusznun

4 r ) 1 14 o o o' ¥ 3
urarresvzimae Inuamuunueinwldmiaaiy inanaveuaeitelsznouaisdy
:l‘d. 9 -& t; 1 [ [ C L ud. ci J ;d \ dl
ANVHAUI] MU TUAININHT NAUININU -EZ ﬂ\ﬂ;‘i"l]‘ﬂ 2.5 AU OIULITunI ANUAYDI IHUA

ﬂ?Ul!ﬂﬁﬂ]'ﬂQlﬂl‘Uﬂg



13

H - 3 o =, y a'
JuUf 25 uapImaina Inuaaunuvesaires e Iiameiniide L Tnefigluy
'y 4 a a Ao a
uaralmidadvesuauaired junanumas TnuamuunuduianInANBvewafidmeufiy

o Aﬂ’ ] 4
mpsaIAaanue L gldvuaauaueidnaveaamed  anlszneudaoTvuaaiuuny

° & a0 o C & [ 9 o R o
PIUIUNHUINHINANU '51— ”ﬁﬂﬂgﬂ’\ﬂil‘lﬂ?lllﬂ'J'Nvlfl‘l‘l'.lﬂ‘lﬁlﬂﬁlﬁlcﬁﬂi

2.2.5.2 Tvuaniuvng (Transverse modes)

[ ]

=)

H12991NNITNIIT A TMUAAINLAUIZ WIS U UBWIZATUUAIMANNI Iuu N UV
I'd nay 1 = PRI 3 qd’: 9
resnia ualusndusSwasiidunishuawesadmiudszneuldarouaeniu
o ] 2 H T Asyd = @
LN UHASU A AL UM INUUUNULEIDDALNANTDY FIaAULTUNaINNIZTMIFOUNY
0 14 v
fudisugadunisgzdounay linduunlum3a glunvvesaun Wi idousivduesaed
a ! Aaﬂv o« 9
TnuanuvnunaIunslun1IAYDUDLD5 Y
s L4 - r= :
AISHAAIANEME THUAYSILF AR BT (A1IUD) 1ATNI THNAAINLNLLAS IHUAAIY

[ =
421981508 WA 19D



-1
Vg ={q+(m+n+1)f_°ﬂ§’£z_))_c_ e

T 2L

A ° o - ot
WO m, n 1 q Wumas iy g, uar g, Hunisiiwess (g-parameter) U904

aa o an:v Aey d @ -~ o }
nsxen lunsd@mmaesmIndsenoudionszaniisudnioouasimiioutuazld g = g,

L o & o - )
oy = << 1 aauaumsn .1) Woulvy'la

m+n+1 (2L} ¢
v, o~ +————1’— — (2.2}
n (q 7 R J2L

IAAUNITH (2.2) A1 q uanida InuamuiAn 49U m 1o nudaad Inuaaiy
o g & o o [ ar L4
1111 Aoy Inuanileq vaanpissuanidlsd uay 3 &2 Tnodgydnusives Inuaveauas
woiisWonunudro TEM, . Taufi TEM 6831910 Transverse Electro-Magnetic Wave
4'4 v a g ) Y id' 9 o [ w‘ Y o
119991071 q DHmuwInuIe dmiveuiaveuaseshigaulaeinly dnlusimangey
= Ly o 9 T Y] - ea o 3 = o=
vod q Vel hldliirnummnedinlumalfid duiulumsi@suvenIvuareanizeite
[ ¥ v
indnf1 g enmdeifios TEM,, uandemunennuidm q ogluafiuaeaiuerye dagui 2.7
. o : : ° o’ o
insn s nuamuunutiugnsiuaninanundnnvesImidadiasanue
L4 n:f o & A Ach ] ] v o
voumes MR Aniuduawesmlatvuiannueinmls ssozvszninnuanes
v 3 a o ) a J ' da o
upvaan N FafidwauInyaswupudaiuinnusnieluginnunieves Tadiag dau
bt .
Puves Inuamunaiudmualdnngliuuazsuinvenszenaaoau Inseainnves
. s A - J d & 4 o dyl o
yosilielis i Invafaduunuelumres YauSonawesuyuin eesuuunaIY

Trua (Multimode laser)

a’d

é - (1 4 = 4:'1 Y o =1
weinislassfdsensuunsrdamvuzan Waeluiamesaidanaiuise
[ [ o = ] T 4 o
Ysuudsmresnato Inualdiduowe s Inuaidod 18 iy nisldguas Blukaunanioda
& 1 a,: = [ ar
Truamuvneonmdous Inua TEM,, 0anu1 1indussndanisiuInuamuunu laons
add 9 = a & aa o ' I I o od
0O VAIANEINIT0 1 IMUAATLAWIALI THURAIAYY FIN1IPAINA1IISADI I 1o IATN
\ ' add ° ¥ a P g [Y) a 3 ) da o
HALIIN fIUTEoz1IvRIR AN I IRa TnuaiuatlozAnatinindani latIavusua

¥

dd w4 da o s 1 ) o
Lm‘lfﬂ'jlﬂﬂ‘uBU“]NﬂTvlﬁu?ﬂﬁfﬂﬂilal’ﬂa'iu'lﬂﬁul15&?]'31]?31!1?1&%1'513L§jUﬁﬂ}Jm'&‘,mW1$‘UﬂQllﬁQ

s & ¥

¢ = a n’: v aclv = t:lynﬂ da o i o
YDA assUe ﬂquuizﬂzﬂ'l\’i]ﬂ‘ﬁﬂ?jﬂIHHﬂ!ﬂU?uﬁQﬂ’]ﬂﬂﬂ ?Uﬂ’lulﬁu?ﬂ‘vﬂﬂ\uﬁl‘]fﬂs‘n!ﬁﬂ

o = & ada S A a o oo ¥ 0w P
un ﬂQEﬂ'ﬂ 2.6 !Uﬂﬂ"l']ﬂﬂﬁlu'lﬂﬁuﬁ]‘nﬂuﬁ'llﬂﬂﬂJSQﬂJﬂi]'lﬂﬂﬂWHﬂ'lﬁﬁﬂ@ﬁlﬂk‘]ﬁaﬁ



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



Sulnmeaypnel mzsouindinantzih 17

b« e ———

: o 1 44 1 g a -
uAzULVs TR NNS BRI (Water cooling) #I8613UBIQIYR3 Mg tawres BidunTiony
o o o o
(He-Ne laser) iiwasmiveou laoon’lad (CO, laser) iawros 1uTasiau (N laser) iiwoionou

o o I's .
(Ar' laser) Lo s BidsuuAMTEY (He-Cd laser) Laztarasion lanyes (Eximer laser) 1Hudu

2.4 1ire31aunTioey (He-Ne Laser)
o A = =1 o ey P 9 J =
s aidontosuihuaes Maszuuusnved landegnad 19ty ut a.a. 1961 Tay
:: o =
91714 (AJavan) UnzAMz N BINARRULAE (Beli telephone laboratory Co.) laui1a@idvunay
@ o = o o P et A [ Y] -
fuMmadioswdudnaruamss uauawosn laNa U AN 1150 nm @udsusa) u
P} o a I'4 o a2 P=) a
1 f.7. 1962 190 (A.D.White) HazANeaIuIsnHAALAUAKDS NGNS S BiasuiloaunAY
4 P a a o ¢ a ¥ 1o [Y) [
01708 632.8 nm (Fund) Fudunasfimusauin @ IMiaresriadiiufidoniddusis
[} a Vet o o’ P - o 3 S A =1 A
wwsvaty degtuldlnsniauauareidines fndes vasdduainaresadeuiioou ine
AUDIADANADINS TunT Suv AR Iiaasiiian w1 AU 199 AU
3 del = ]
2.4.1 Insaadraneluvesaesdiduniioou
P ¥y A ot A - ] o &
1n3U# 2.8 Tassadeiuguvesaeiaifoniioouszilsznoudionasanires 49
' o o " P A o a P
meoluvasaaesszussynsnaudusznInsBildsnuaznisiiooy Adargvesnaea
o : é [
mires sziduda I fe o Tun (Anode) umzunIng (Cathode) Hognuazduvesnaoa
»
o 0 o - 1 o -1 -y I'd
e TuasininTaneReaaudiuun Inavininozgiidivuddnyusifiuiealaiunlng
L - o 3 <y =
(Hallow cathode) TnsdnsansnafuunasneIdfinssuans sussdugs oiaiioouianis
) ) 3
waswersnpugnid Iduaanfinaueiniiv 1150, 3390 uas 632.8 nm oL UTUUATTHIZGN
] - ‘3 @ Qr L) 0”’ . Qr
i dianudugeiulaonsazdeundu Tunduiszninnizenvisaesdiuveseoafan
as P i ' & |
38 nszandranilantudan e laneildns azoues 100% drudntranitaiunszeniiniy
1Y a o a .’f A 9 £y =4 n:i A 9 [l é
favas lasianasnuieg vatetu e Idnisazdeunaslivuiafinuiz auive Iuasaunils
3 o v Y aa’ = ] ¢ o
aznounduunfieedafanIfuazuasdndivmuisonzgeon luduuasaes Halwves
o o 9 a ‘J = + o o ] o 9 A& o
vasaareszgnyi Iides WuyuRiSenit yuuicnes (Brewster Angle) tHoR Iiiindl
© =Y v z o el
uaaanannsznuezi IRumasveudunas inan lsfiFudy duiunavaesnlasninawes

a a =1 o P
giRasutioousutunaswar lssudu

31612



R Ouipiit
Mirror mirror
Brewster {1
window
‘ Output
S——

i
Power Load
supply  resistor

= g a o o = <1
3UN 28 wanslasseherugmlumsiianruaresvounaeidineuiiooy

) o 4 gy =l =
2.4.2 nidnnstiauguaive iveareididauiieon
4 o’ Y » ] 9 o
Wetloundsnulvdrnszuaassusaduge (= 10kV ) nunasiionszsualiiy
g n’:’ o Y o a o o . R a
2 1A aaes sediidifanisAaesinislunaoaiaiwes (Discharge pumping) 1R
ad a A @ aa @ A o i ¥ Y oa
ainasoudasy leainfmadidouilumaiignleoslud (onized) 1ddwniimaiiosu
v o A ad - v O da 1 o Yo @ . aa c g ¥ aa d
autuieBipnaseudaszruiumaBdonszawmwisnuldfuiaaidon Hldfesbeun
> ra T 4 o
A01uz AU (Ground state) QNI TagRan uznIzAU (Excited state) 2’s uag 2's oMY
s ] ¥
TidsuRaouznszquyuiuieiioouiianiugWu (Atomic collision between He and Ne atom)
=) o) * o Ya ¥ -~ n’: 1] - s = o o d’ A4 o
maBdouszmomndsaubitufadioon nimiuma@idennenaulufsramziu e
o LY =] i o o P
foaulasundsaunezganszduldegitantuznizdu 4s uaz 5s awdwdy Tashaoue
3 3w 1 @ a [y o Y a o
nazgu 2’s Ay 4s uaz 2's /U 5s szliszaundeamindifivaiy
o ¥ (14 = a T 4 3 o
Aea0uznszdu 4s naz 5s Mateouszifanmsilasuaauugnii Iiuasifiname
ARy 1150, 3390, 632.8 nm uA8w0 sz Aundae 3p uag 4p amd1dy AszAundaau 3p
o1 = ' = J . [
uaz 4p  MafieousziianisilaumanyAaduies (Spontancous emission) HAZAATTAY
Y 1 o [} o [ 1 o o a’ as (Y]
WAINUBL195IM5T (Fast decay) 1Igs2AUNAINU 3s AszAUNATIUTMaTioouszyuiums
o o o [y
YDINABAILLOT (Wall collision) gapdendinuiuglvesnnuieusdrdnondvundaaaiuz

[ o

4 ¥ ot ' ¢ o 0o q ¥ o P o w
WU ﬂ”lﬁﬂﬂﬂlﬂﬁfﬂiulﬁluw']uﬂullﬂa‘l\“aﬂq ‘i]:'Vlﬂﬂﬂ'lclm’e)E)‘Lm‘izﬂ‘UWﬂﬂﬂu 3s FUNVHUN



19

y L o oy 4 vwyg L 4 'ﬂ : 4 4
voInavALlnLlYDIUINUYU nwuﬂﬂufuznmJq’ﬂ’mu:wu‘lmﬂua:mmumn UAUNENUIN
§ % Y d a 4 - 0o qYa o va 4

naoaaosgneonuuy Infivinadn wadnedrmildowsildifadssensnniu A5y
HazAalng (CW)

Ss—24d4p= A= 3390nm(1nﬁared)

4s — 3p = A = 1150nm(Infrared)

55— 3p=> A =632.8nm(Red)

o 72 Atomic collision benveen He and Ne atom

""" > 115 M.,

T Sponhneousem:ss:on
sa___ﬁ

Wall collision (with Discharge tube or Capillary tube)

Ne

3 as o L) )
gﬂﬁ 2.9 LEAI IADZUNTUILAUNAIIY (Energy level diagram) Y905 aduuilaoay

] o o - Y] o - o o o
!'LJENil'lﬂLm‘BElimﬂuuuﬂﬂui‘ﬁLlﬁdlﬂlmﬂilﬂmmnTHMﬂLﬂU‘J TEMOO AYHHINEUENTT

nszawvesauy IS udluuuundiFou (Gaussian) Avauns
2 2
x4y
E(x:y)= EO exp(_ wz J

4 o ] [ o'y 1
o x oz y ADAIMUIVDIGLAUAITDT IULABZLHUINY w ADAIUNIIUDS

) = | ad oA o
g lurianisindounyalindsaunms



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



21

] = a = a o o
D= ﬂ'lﬂﬂ“ﬂﬂ']'mlﬂiUﬂ"UENHJUT"ﬁmﬁﬂ'VI‘iﬂ

C = Capacitance 199 Piezoelectric

=

1 g d‘ <y l: o -1 { o Qs - -
neunszla usaniou M nfatuszudsfuasatunssnnss i i tudlo Todidnnsn

MNANUFNRUTRIna I ¥l TaddnmIndammaniils: Temnide
annsanoundsaunaldidhumdsnu i1 dsgl @ fe diefiusmIonnudududi q
winseiaourudloTadidnnin Lﬂuimﬁtﬁﬂw?qazmmmNﬁﬁﬂ’nmhuﬁﬂﬁsxwiwﬁuﬁwm
Fld Tumendusuimusanfoundanu i bidundaunald  fededeu
usedn hmnasouasuRufivesdloTedidnnin Suvdrailfaomznmildiuvowss

ifamsduazifiou A3l o)

,Fj F

p.-T '

X ;

+

S i . =
“-».. J— "

[0} C®

)

gﬂﬁ 2.11 uﬁmﬂﬂngmmf Piezoelectricity

wa o J -y [y - ay 9 = = o a A a
vinanavdaAnnamtedy uinsenuiseldveadoTedianninneusaaou
wasuna lidundsanu' i Ae iieliussuinseiaeunudlel¥ddnnsn Juladifinnin
a ] o & v .; = o 9 P © 70 ¥ o L4
wEIMITONAEARNNARAN G TR URvesd iU 18 TaeRseihumlsygnaldifudmaed

asramsunzuuyveuthidiethgnds



a
UNN 3

UHADUM TAUHUNY

¥
@

[] 14
Tuuna 3 L!'ﬂ%’&)‘ﬁiﬂﬂﬁTUﬁtLﬂUﬂiuﬂﬁﬁMuu»ﬂu’ﬁ’U N ludIuvoInIsnanos M3

= o
Uszuana 1Az AATIZHHANTNARDY

3.1 PR IUMINADE 1B 19D IMUNGUS
v oa d ol a [ . .
311 Tunadudumesisediines (Michelson interferometer)
@ o o A s o = 0 o' o
Tunadudwaeidseiiinofilunisnaassicusohunlszgnaldluninily
wieedelumiiasgreaziden 14 Tasordonannmsunsnaaasiiauiiaeuilaga (Amplitude
v & ' o = ~ 1 a
division interferometry) UBAUEIDINUTMINUMAIRUTALTY MIunsnaeariiawiseuilige
o vt @ A o T v 9 4 v = o
wzuendwasnnunasiuiasassemiiu 2 g udldudazdrwAumaliiluszozms
5 =1 i ' =y g‘ gl o Q‘I’J o ar
ANy Feazlinanenad M aAnYsEiael MntuazdalduaInaaeInduIT WY
a = 3 & g v o
uazunsnaeasuAmiuilvesmsunsnaea nTansunsnaead lamnsor Tl
as w o v 1 = o = '
anuFuwLTzrI1anas enuAuve s (w3 oanudunae) dudiunadieg luszsuy
as @ A o=y Py o as & o P
as2930'18 szuvlunadudumeiselimesn1ddulaond lluaasdszin 3.1 uaenin
" e & Vo oA HegyM a0 oA ¢ A o o et Y '
unasuiiaues uvasfudauasinldne Binou-toou e Fuiluaed haNuANYL LA
o angd oo 4 o A qy s o ¢ & g 4 o
guvarad Idiudvumdniu il S ldmudlumssneduaryes salumananssiilnauding

o/

o | . S o = o o o a
A& 4X §IU Beam Splitter 11 nth1nlumsusnduareioanidu 2 n1a Taslinny

v o Py [ { o s o o Y] o = w
S fu wonninvzdmihiuend uaefuds sufludnasvesduashazdeunduun
?.: = 3 = g d' ay =1
PINNTzINRIaeIt Y Jumsianisunsnaeatudnd e Tasnszanild lunsnaaestiazilu
- ¥ y ¥ A v o Y o &
nizanfinIuaIun Mg wellssrumsazRenuaznsinmaeluuiunszen 43019
a (TN Y o =8 9 o x{::s‘. = é\yJ o
i ldinaderanaraluniinanostiuld suamres inansuninaoauy luaouusnis19e

1 i v g
MIIAHAVINUTINANAIUURIN Lﬁﬂ‘l’]ﬂﬁﬂﬂ‘iZUUﬂ'ﬂu mu”lmﬂaﬁuﬁ”l‘i’f’ﬁlmmaﬂﬂu%uﬁm

@ au &

~ =1 ' o o o = o 2 =
§9307 32 amdtudlueadudwmeiNsedimei Aldluanuiteil Idmudugilnsd

UG

sdnnsofindinsdm1dun iddmamed eoadalaalml doladidnnin dudu gilnssl

1 g 1 Y [ LY & =Y g a s 9 3
matiazaelinida laold lunoduduweidseiimeililszdnimmuazgnasanniiu



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



25

A A ¥ A ¥ ¥ ' o o q ¥

diodounszon M1 Winsessndlsszezmatsee wuluszan lunseu i lden
1 o PR as A o Qs g’; (7 [ v - ° 'Y
aemsdunamisidsunlasvesdyarunia asiu msudilymainanae vilanszen M2

& = @ o — = @ a d o & ©
AuluaRniduduasinannizny Taemsaansyan M2 WhdudleTasianys naegnihld

J
o

du sz IddgyganialdnnIdIddmameinlsingdiesadalaa lndidnymuendie

Qs

@ = & E ad = @ @ a
Funrm AC wisnulaou llawnsduveade Tadiananin nazmsiadygiuszialy

SNUNZLVDEOARIBA (Peak to Peak) ¥ einsadunpanuldoundaswesdyauiiala

4 A ¥ oA I o
diodounszan M1 i m3esemiluszszmadoss
@ ¥ o o=t a o @ ° v
aylvanms ¥ lunadudumeiselimeilunisasieda fie niamhldszesvitg

= ]

] s Q@ = o' =Y ' o v
531119 BS AUN3290 M1 uaz M2 (tvuved lunadudumeiWsalmed) Uaumniu (uvuey
luauaa) Faegildanuduaasiildnanisunsnaeaiinigaga uadivhldszoemenng
sanar iy wuwiFeauga) TasmslddSuimndeanisda (Physical parameters) 8911 1u

3 Y] & o A o'y a o o q ¥ ' ) ¥ 9 1
prushalatheanflaveslunadudumainsofimes s ldsvezvasgrhauvunsgaatalu

1w A = v Py & - 3 A o) [ 3
WIAUNS BIRAHDA 1M IAALYBI MDY MIthaunszan M1 ivsooonsziilunisiSuln
ke s ' o 1 3‘/ o A o EUS
wyunsaesndumagludunisauaadania nie dumdsiiIdanuduiasildnnms
- A o 3 - - A T
unInaeaiinigaga msidsunizan M1 sz idmsiussesmisinlasullidessinmsld
d'y @ @ o o =Y d  w ?; 3/ [ w o v
WSurmidesmsianuvuves lunadudumasiiseliines duiuez A uduRUEIZH
1 ~ ar a W v ¥ & 3 =1 o ] 9/1 o
wad e uAuLaRulS i Adeimstatu Fansnuadlundnnisdieg lunis 19 lunadu

o o'y = o o o ar
gumesNsolimaiiluginsainiinia

3.1.3 MINaavd

¥
as

a = e (%) : g’/ e Y :
Minsnaaofaaglnsaiae as3lh 3.2 INUUNIAITTAULIUALT ZUIVVD AT
= ar o o' =Y g9 ¢ ¢ = ar - 3/ L
@unaluszuy lunadudwmeiselimes og luuunazssuuiReany ioanndiuaalyl
[ = o o 3 o 9 o v A’ - a
o lunuanaz sz u@eany s inanmaazfouduyuaiegiu wanainaminszeeues
Suaahldanuduveuaaluudnzdwasanas dmiunszen Ml uaz M2 ssliuidszuny
Y " ¥ [ v
YDINTLINAIMINAVAWTINIIAANTENDLAZAIRINTINUNAzAY TagnsdSuangRdasy
[ a ¢ Jao Y o~ 1 a F] o LY
AMundsvesginsailiuizaunszen nszen M1 wzdnegiululasiinesmeaiunsodiuly
A Y 2 'Y o = - 1w a8 oa =
Bouwd I eeon MMa iy IveIR LA [AsllT eI UININY 39 HaduaTHaZANUASIDIAYUDY
AMTAUWINY 10 TuATOU AIUNITIATLEZH 195119 BS ALUNSZIN M1 Lag M2 (5202 L1
uae L2) 725 1 tszozlndifesdumie I ddonsmdumdaivh idanuduuasiilden
£l Qs a o 9! Gl oy A o 3’; Edll - 9/
miunsnaeavsodganaiialdaninIildamameiiaigega WeanaagilnsainegSeuioy

9 [} s kY a a 3/ Yy & ga -
a1 Mmsiannuuuaanannmsuninagoa lasly I ladmawmes s inuasuaou



26

o g 3 =l A o 9 A A Y o 4 o s
Tulnsiwmesnysesanioviilinizen M1 indsufudrdunamsauasum)asve sdyain
A a o 4 o o v A o 3 o = o Yt
flsngdeeadalaalny vntdurinismidumisvssnizan M1 ivh g T e uidalata

A A A, 1 dyd ° v A A = o oA N o P
WINNFATINA UK UIUAD ATUHUINTSOS L1=L2 #3oJumuruaNiHan 19n1uauvauddhn

= s 1o d a {
Aunemuduna Ll way L2 Saumdugue dldanudueasnldainmsuninaeai

[

1 2’, o s A ] ¢ | Y i [
Argeaga 1w nslivanshdaaegaiundealnsadiuszaunszeniiedfunuives

U q U

-

o 9 [} =1 as AS ar :’!’ = T o’ d‘. % 3 g

duasldeglunuudenduuiniy damsdivanglissinanevinavesdygiaidald Jiu
o Yo 1 Ao Vo oo et 1 3 o Qs = oy [

wnsezialddumisinh ddggraiialdiaigagaudaihnisdSunszendninaludnyme

=t ot g A = S A A =) ¥ ¥ a VoA e ¥ o
IAYINU 'i]HlﬂuuaaQla@uquiﬂﬁulﬁailwalﬂﬂuﬂﬁxﬂﬂMlﬂﬂﬂﬁﬂi]u'lﬂﬂnl'ﬂUQﬂﬂ1iﬂﬁmﬂJ1m

[=¢)}

e

| e @ W 1 @ Y i =3 4 ) 1
agegarhaduiuliuisznieamsdSunszan M1 uaz M2 fumsdeu Tulastmes viuyuil
4 @ ¥ o 1A e ¥ o - w =] = & o ldyd! o -
lUi5eeq wnszRslddumilafivhlddyanunda ldtaigagaese edumistiae dumii
v = i A 1 roas o o LY o [
HARINIUANYDAAINAUM A MFUMI L1 1Az L2 Taumiiugudes e tuiindumig
a ] = o 2 ?.5 c%’d 1o as - A ¢ 9
aanan13lasgainanaveslulasiimes Fwuaeuineiutlumsiansoaiauyisiumg
v 4
Snyuzydduanuilsngfieadalaalaes ludimsdades

: o = :’/ ts 4 & [y
iiavinisAnnaginssiuaziniesiiosunsens ladygnvesmsunsnaanaiiaigega
Y] A = I'4 o o 1 A e 9 1 9 o = & da o 1
udy douluTasiwas lldsdwmusiiildnszan M1 oglndnu BS nnhiga denfedwmua
] ] 14
fi 11 fadwas Hiwmielidyanuvesmuningeasziianfes shimstuiinmanudunag
“ Q) = - ° LI J A =) o p=1 o oa
flsngfivendalaalnliidumisdnarn Tasnisideululnsiimesoanhiaz 1 Tadiwas
Y o A ¥ o & = ¢ 14 o v oA e gy '
udaiufinanundunas nigyhaunszalulastimesoghidumdanvhldnszan M1 eglna
~ 2 d o ' 4 o o o 1 4 A
910 BS 11nfiga BepAedumieh 40 dadwas (Mumueh 118940 Aeszozaunuves
~ o £ . % b4 = ¥ o w Ao 2y da w
T Tnsiiwes) 1ntusimsnaassianuadn 2 ase ihdeyamiuin l3aenfennuduuas
c’a‘/ {’,’, 1 P a =t ar @ o v ar o 1
¥4 3 asanmanadoudni ld@eunsidanuduiuisendeanudueaadudmia

lulnsiiwmes

o A A s o v = d
3.2 mansanianuiivesingieddlagllulasiines
Qw1 dyd < @ o oo = s 9/ 9 [ g =S
auisemuiidluanilunadudumesdselimes ld1Fnudunisasiadanuiin
TaoldTafurvo U001 Ao g Tane (100 1) #9317 3.5 (2) uaz (b) Hansia
o

g o w ' a ¥ ¥ = o L) o = 3
wufdinangnialaaldnisldlulnsiimed szuvlunaduduaeisedimeinldluns

¥ v
ASIVIANURD AAAIAIFUT 3.3 uas 3.4



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



31

3.3.1 Hanms
Ansannnauasidunialwdunia M1 ileuduaun19daiagnadoy (Sensing
T 5 aa Qs [ | o 4
element) LT IMnlszAnaszRURRMTve s Taquinrazteunduiiisuantes (ilesnin
o d L 2 o ¥ o q ¥ oA a = o
Faghlflumsnanssduiudagnuuas Tanuiunnieevi limsazvieuiinlseansnindi)
N Y o o o a as Y [} 5 a
Tasuaandumands I Tdamawmes wwdluduwasiazvounningatededwaaiildann
¥
ar = o 1 ar Y] 1 o o ar o
msasfeuiszdludwasdmdos vinfagieiieezmsdmuagalunis faudahnms s
= ad = A4 A A o E] P ¥
Ao lwdidnninlunmsindouiolszytanaluszauu Tunenigagegavealdsiasnouy
' Y =
1NN IdeInIszda Tasazinismiruagalumsdananun 9 AU 3.5 () uag (b)
3.3.2 MINA0ed
o a ¥ o 1 = =} ' . Ay
Mn15AaAglnsaiagangln 3.3 1ngdasmuiInNgzen Mimor 2 32QnuUNUNAIY
Y Qs P &' a =i = oo ~ = [} v
agnaaey (Jaghdpentaniduia) uay  Wlelwdanninazanegnisdiundivenszen
: = =od = kA = o e @ = oo ~a o &
Mirror 1 Falums1didlo Tadidnninmiuszdeaillaivines () Wil Tadidnninyhads
w145 quiu Tdsunsulumsdu Ao Tusunsu Demo EDA daviimis Tastlouussaudn luive
o = = a d =) ° ad O 4 w
midRamadsumasmnioludlsleddanin (hldielasidnni nduieuduunuadions

a_‘q a I'd 1A a oo = ar d' % =
doululastwesustalydannsnozvdudouluszavu luang) laus1easiduavo

!
= @ A

v ow oA a d 4 1 w a ¥ o
TdsunsuaruauavuidleTadidnninuilswazBeaeglunianuin  nasanaadsglnse
=] o o A a @ A o=t = odq ¥ 1
3 hamstaunanaz sruuvesuasiidunaluszun lunadudueesisoliiwei1deylu

¥ '
wuITEAALINY N3zan Mirror 1 9511z DvBINI TR AAIMINA LS W NIIARNTENY
¥ ' ¥
auTaanaaeuzdal¥szuivesiadiuminasn A uuEIRINANATENULAZAIRINAY
¥
nszan Mirror | Taslumsneiaanaaeuszimamvuagalunmisdaling o ga azvhinisdan
gammia Tumsvaszezyesendng BS Aunszan Mirror 1 nazAmilvesingnaaaunis
' ¥ a w A ¥ ' o = £4 3 4y ¥ ¥ =]
szazvielndfsan e Ideasmsmd s ldnnuduuasnldnnmsazieunse
@ A o ¥ Ghy L= & o = 3’, ot = kY 9
gomiialdnn W ldamamesiinigega wahnmsdanuazssaglnisiaegisouisoum
° @ W o " as o a d = 4 o
mmsfataanaaenludumiusnlasnisilounssduldaailoTsdidnnindu Tavdaile
ad = a ' [ . o v ow ad o
TyBiannin szAnegMIAIUNEIuBINTn Mirror 1 Mstlouussduldnudaieladiannin
- 3 ar & = M o 9 o A o 2
Wivuidisylddunmsideumnavos lulnsimes Asviinsileunssduna 10 Toad auds 100

daa g -d'

o ar o o @
T uazgdyanuiialdnnInldamaweifllivunagegandannivhnsilouuswinlu

' o 1 = ' °

N 1 o ° ar i o v & ¥ g 3
Lanazal ﬁﬁLﬂﬂﬂTﬁng¢ﬁnﬂﬂ1ﬁ')ﬂ 'Vl']ﬂ”l'ﬂ.l“lqlﬂﬂﬂ’lﬁﬂHl'ﬂuﬂuuﬂ’]ﬂ]ﬁﬂﬂﬂ@ﬁ“ﬁuﬂuﬂ’luqu

(33

A 3 1 d e [Y ' 4 o 3 o A L | o
3 ﬂﬁQLWﬂﬂﬂ’ﬂMLMﬂﬂNﬂTﬂ'Jﬂulﬂﬂlulmﬁgﬂiﬂ 'Vl'lﬂ'l'iﬂﬂﬁ@ﬁﬂ?ﬂ?ﬁlﬂﬂ?ﬂﬂLﬂH’iﬂUﬂu9 b g

Ll



32

A - &4 A o ' RPN ot g o aa @ L
onfSsuisuurvesing lundazgaiina o wagiludag Tanznlanuiiuideling

¥ = 3 9
AENOUUTIUNLUANHDY

3.4 MIINTIZHRAMINATLY
Qr (7] " 3 =Y Qs ey ar r=| -
vasnnTunnuan1snaasanInasiafuiveaTag Tae 14355 30 2 uuw Ae msda
Y. a o o 9 A d o 4 Y @
w1 lu InsiiwmesuaznmsiauunldtleTeddnnin Faldudnmsunsnaeauuy lunadu
g} o d‘ 9 =1 [Y] -d' 1 ) di o g
sdniwan lduSoudisulumsminasgiulunmsasiafiunud Weyiiminaasayie) g
9 o ¥ v 4o VR oA ' 9 9 ' o e
&namanaasenlndiesdurs otluuwd TduReidurie 1 videagl dounwios eyms

as P aooa A r_?i
Wl L5 e AT mLIN U



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



4 ' @ A o ] T = o
ﬂ]‘a’Nﬁ 4.1(Vii)) LAAINLTIAHNDAINNMTUNINT DR T ﬂulﬁuﬁﬁ]N“‘]ﬂJﬂﬂuliJjﬂiﬂmﬂ‘i

e luTnsfiwes 134AU (Volt)

(mm) %ﬁ’i ﬂ%ﬂﬁ 2 ﬂ%ﬂ‘ﬁ 3 m?;m
20 1.52 1.54 1.52 1.527
21 1.56 1.56 1.54 1.553
22 1.6 1.62 1.62 1.633
23 1.92 1.9 1.9 1.907
24 2 2.1 2.12 2.073
25 2.16 2.2 2.18 2.18
26 1.96 2 1.98 1.98
27 1.92 1.94 1.94 1.933
28 1.6 1.6 1.62 1.607
29 1.56 1.56 1.58 1.567
30 1.52 1.54 1.54 1.53
31 1.52 1.52 1.54 1.527
32 1.48 1.48 1.48 1.48
33 1.36 1.34 1.34 1.347
34 1.32 1.34 1.32 1.327
35 1.2 1.26 1.24 1.23
36 1.16 1.2 1.14 1.167
37 1 1.12 1.04 1.053
38 0.96 0.98 0.98 0.973
39 0.92 0.92 0.94 0.927
40 0.84 0.86 0.84 0.847
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ANuazPsavotlu1¥8@AnNN3n = 2.73 pm/ 1 Volt

OPD (nm)

WA adadt 1 afed 2 At 3 iy
1 273 273 273 273
2 0 0 0 0
3 273 273 273 273
4* 0 0 0 0
5 273 273 273 273
6 0 0 0 0
7 273 273 273 273
8 0 0 0 0
9 273 273 273 273

A o 9 A = [ w I ' A e ow 1 9
WaHIUUDIINATTIEN 4.5 vl“]JLEUU'l—!ﬂ'iTTJH1ﬂ'JTiJﬂUWUﬁ'§$W')TQWﬂﬂﬂllﬂ'lOPD ilzblﬂ

L1

'
~

ns Azl 4.9



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



a
Unn s

4
agluazvalavonuy

5.1 agwamsanyilassnuiieay
Y dw 9 as a = L) At S 4
Tugssoit l8orfonanmsunsnaeayiin lunady  Taoldddou-fioon wmiwesiilu
Vo & o4 ey 4 Yy o o 13 . A
urastuilaua NI NYeIAaY 632.8 nm udlasiiuludsdnenduids (beam splitter) Wo
wondwaassniilumaaiamanianuduiigfuasdanIniy udRsENaRKANN 1A
] » 1
szozmanlndifoaiullfnszean  ntuzManmsaznoundufiauend ey (beam
¥ 3 [
splitter) BnA$ 3 uduRan1sunsnaeanuiiusiiia-adn fagii 4.1
wanmsuninaeaviia lunaduamisnihumlszgnd Iieasedoudnyms v,
@ d‘s’ @ aw dy Ya ¥y o [ a 3/ = s dw =
yoaiaghinoimsda TuawddeiilAlamioy 100 wwilhdnghldlunsanudnyueiui,
{ o v o = a d a
Taelumsnaasaldunuiidumianszan M2 uazldluTasiiwesuavile Tadianninlums
4
YSuszozueanszan M1 luszdvlunseuazun Tuana awuden lumsanudnyusiiue

s A

¥
@ LY ° 4 o . v
vaaingiiu danldfvualiyanilenila Optical Path Different n50m1 OPD ilugud e

b

ilugadreduiouivgaduqiiinsdne wohganiinnuyuinn wlisn OPD win uazyahil
° = s 4 A o o
ANUYUAT vzdie OPD tioo dawamsnaaesluuni 4 Tasai ldonmsldlulasiiwesuaz
E 3
daladidnnIniudiuu Wl ludiemadordu  uddlelddleledidnninezlianuaziBon
=] A o St ) =t ad a o =
11ANIHS 7.27 um Ao Tulasiiwmosinnuazden 10 um nasilyledlannIninnNuazidon
s 3 I~ a g = = = 1 = o
2.73 pm agtiuiile Tadannsnialianuaz@eamnndi luTaslines - 72.7 %
9 kY
duiudagl1én  msasaevdnpaziuiilaserdundnnisunsnaeasiialuna
Fd ¥
fuil Sanuwindlumsuassdnuuzanuyy anuinvesiuiiiag ulzlinnuunndi
@ A I ¥ g : = o = [y =S g 1
YoaszALNIANTT DUAAIY sounaiiilsz lemilumseinymeadanemanionnaun

4 o 10 qy
Lﬂﬂ\‘l‘inﬂ!'l]ut'l’]ﬁﬂﬁjﬂﬁaﬂllﬂﬂqﬂﬂ1a1ﬂ‘]§u\TIH



43

VA HDLUE

k2
o Y] ar as s [ L4
midamnaand laverdondnmsunsnaoaved lunaduily  dnanosdesiagilngal
¥ = as u’z’ - ¥ - ar [] = ar =
TogTussnui@naiuimua welduaaiszuuninaeaiuogluuuadediy Jaey
= 3 7 ::’ ¥ g o ] 1
AAMSUNINADATY AU ABUMITNYUNTUAIT AIIATIVADULUIG A INOUD
-~ l} Y [} [~
asan3ola onldiu Teaudslumsasudn
¥
LHEHINTLHINAWBAZ WAL (Beam splitter) NUNTZIN M1 Liag M2 1udpalianmiu
o Qy = ‘3‘ L] 4
T Imaumsnaeanayu lAegeauysal
<y Qs : =4 ] 7 ] ¥ \:’
szuumsunsnaeaia lumaduiulianu baodygusuniuneudiegs  ams
v ] ¥
SUNIUINUIIFUAZTOUINFUNIARDY LAZMITUNIUDINUEINBUDATEY AL
P AW y: o )V A = ° :’ F) Vv
afidaldtiu Aerdlusmifidawain Tenasiiminacesd ennugnAosvenams
14
nAaBY LAz IRewINtle st UM ITUNINIINAUBNA AT URU
¥ 3 v
nanmsunsnaenue s lunaduluauitediios MeaTiviaanyueRuRIvOUNT VY
1 3 ya’ o LY o o o ] a4 -
Tavzwiniu Aeulvannsoh liimundluginscdasieiadudiedesiadug wie
LY ‘; 4 o) o @ e t o g o
wannszuviuhleaailugnssiasedafududmniy  wivernh /14 lums
= o o d{ = s J 9 ar g = ﬂ o aar
AInszvnazIasdnuaziuiivesiagaen 1a aatuduiluse Tewilunsidy

N aInmmansae 11



46

PAT1591904

bttp://www.google.co.th
http://www.wikipedia.org
¢ an oo o ¢y o d o LY J:; o o d Vv
Q!'Uﬂi 'W'Wli'ﬂifgﬂ'li. 2544, aummvl‘mumawuﬂmwuﬁﬂummumiﬂizqnmm
[ = - & e - a o &
ginseinsleda, Mutnus sy g ainnmansumiduang GAUREYE

.4 ¢ @ s s o LY o
Wanddszynd dudiainnds aoiumaluletwszeoumndudgunnisaransei.



MANUIN



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



435 Route 208 « P.O. Box 366 PH. 973-579-7227
Newton, NJ 07860-0366 FAX 973-300-3600
www.thorlabs .com technicalsu horlabs.com

DET210 - HIGH-SPEED SILICON DETECTOR

DESCRIPTION:

Thorlabs’ DET210 is a ready-to-use high-speed photo detector. The unit comes complete with a photodiode and intemnal
12V bias battery enclosed in a ruggedized aluminum housing. The head includes a removable 1" optical coupler
(SM1T1), providing easy mounting of ND filters, spectral filters and other Thorlabs 1" stackable lens mount accessories.
Also available are fiber adapters (SMA, FC and ST style). An #8-32 tapped hole is provided on the base of the housing to
mount the detector directly to a Thorlabs' positioning device (1/2” post holder, mounting plates, ete.).

SPECIFICATIONS:
Detector:  Silicon PIN Housing: Black Anodized Aluminum
Spectral Response: 200-1100nm N Size: $1.43"x1.67
Peak Wavelength: 730nm+/-50nm Output: BNC, DC-Coupled

Peak Response: 0.45 A/W Bias: 12V Battery {Type A23)

Rise/Fall Time': 1ns Mounting: 8-32 (M4) Tapped Hole
Diode Capacitance: 6pF Diode Socket: TO-5, Anode Marked

NEP: 5x 10"WHHZ Damage Threshold: 100mW CW
Dark Current: 0.80nA @ -12V 0.5 Jicm? (10ns puise)

Active Area:  ¢1mm (0.8mm?)
Linearity Limit: 1mw

187
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Figure 1. - Mechanical Dimensions

OPERATION:

Thorlabs DET series are ideal for measuring both puised and CW light sources. The DET210 includes a reversed-biased
PIN photo diode, bias battery, and ON/OFF switch packaged in a ruggedized housing. The BNC output signal is the direct
photocurrent out of the photo diode anode and is a function of the incident light power and wavelength. The Spectral
Responsivity, R(A), can be obtained from Figure 2 to estimate the amount of photocurrent to expect. Most users wil| wish
to convert this photocurrent to a voltage for viewing on an oscilloscope or DVM. This is accomplished by adding an
external load resistance, R gap. The output voltage is derived as:

Vo =P * %i(A) * Rioan

The bandwidth, fgw, and the rise-time response, tr, are determined from the diode capacitance, C;, and the load
resistance, Rioap as shown below:

faw=1/(2* n* Roan * Cy)
tr=0.35/faw

2201-501 Rev E 8/15/2005



For maximum bandwidth, we recommend using a 50 coax cable with a 50Q terminating resistor at the end of the coax.
This will also minimize ringing by matching the coax with its charactenstic impedance. If bandwidth is not important, you
may increase the amount of voltage for a given input light by increasing the R gap up to a maximum of 10KQ.

Note: The detector has an AC path to ground even with the switch in ine OFF position. It is normal to see an
output response to an AC signal with the switch in this state. However, because the detector is unbiased,
operation in this mode is not recommended.

Figure 2 - DET210 Spectral Responsivity Curve
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Figure 3 — Circuit Block Diagram
FIBER ADAPTERS AND OTHER ACCESSORIES

Thorlabs sells a number of accessories that are compatible with the 17 thread on the DET housing including FC, SMA,
and ST fiber adapters, stackable lens tubes for mounting optics, and cage assemblies that allow the DET to be
incorporated into elaborate 3-D optical assemblies.

Caution; The DET210 was designed to allow maximum accessibility to the photo detector by having the front surface of
the diode extend outside of the DET housing. When using fiber adapters, make sure that the fiber ferrule does not crash
into the detector. Failure to do so may cause damage to the diode and / or the fiber. An easy way to accomplish this is to
install a SM1RR retaining ring (included with the DET210) inside the 1" threaded coupler before installing the fiber
adapter.

Also available are InGaAs detectors, large area Si detectors, and a complete line of amplified detectors.
MAINTAINING THE DET210

There are no serviceable parts in the DET210 optical head or power supply. The housing may be cleaned by wiping with
a soft, damp cloth. The window of the detector shouid only be cleaned using optical grade wipes. If you suspect a
problem with your DET210 please call Thorlabs and technical support will be happy to assist you.

2201-501 Rev E 8/15/2005



WEEE
As required by the WEEE (Waste Electrical and Electronic Equipment Directive) of the European Community and the
corresponding national laws, Thorlabs offers all end users in the EC the possibility to retum “end of life” units without
incurring disposal charges.
This offer is valid for Thorlabs electrical and electronic equipment

 sold after August 13" 2005

» marked correspondingly with the crossed out “wheelie bin® logo (see fig. 1)

» sold to a company or institute within the EC

« currently owned by a company or institute within the EC

« still complete, not disassembled and not contaminated

As the WEEE directive applies to self contained operational electrical and electronic products, this “end of life” take back
service does not refer to other Thorlabs products, such as

« pure OEM products, that means assemblies to be buiit into a unit by the user (e. g. OEM laser driver cards)
= components
e mechanics and optics

+ left over parts of units disassembled by the user (PCB's, housings etc.).

If you wish to retumn a Thorlabs unit for waste recovery, please contact Thorlabs or your nearest dealer for further
information.

Waste treatment on your own responsibility
If you do not return an “end of life” unit to Thorlabs, you must hand it to a company spectalized in waste recovery. Do not dispose of the unit in a litter bin
or at a public waste disposal site.

Ecological background )
It is well known that WEEE pollutes the enviranment by releasing toxic products during decomposition. The aim of the
European RoHS directive is to reduce the content of toxic substances in electronic products in the future.

The intent of the WEEE directive is to enforce the recycling of WEEE. A controlied recycling of end of live products will
‘thereby avoid negative impacts on the environment.

Crossed out “wheelie bin” symbol

2201-S01 Rev E 8/15/2005
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TDS 200
Series
Characteristics

page 2

SIGNAL ACQUISITION SYSTEM
Bandwlidth -
TDS 210: 60MHz.
TDS 220: 100MH1.
TDS 224: 100MHz.
Sample Rate -
1 GS/s on each channel.
Channels -
TDS 210 and TDS 220: 2 Identical channels
plus external trigger.
TDS 224: 4 Identical channels.
Sensltivity (with callbrated fine
adjustment) -
2 mV to 5Vidiv {(bandwldth limited to
20 MHz at 2 mV/div and 5 mV/dlv, In all
modes, and 20 MHz at 10 mV/div in Peak
Detect mode).

Vertical Zoom -
Vertically expand or compress a live or
stopped waveform.

CALIBRATED PGSITION RANGE
Volis/Div Setting Offset Range
2 mV to 200 mV/div 12V
>200 mV 1o 5 V/div 50V

DC Gain Accuracy -+ 3%. (¢ 4% at 2
mVidiv and 5 mV/div)

Vertical Resolution -

8 bits (256 levels over 10.24 verlical divi-
slons).

AUTOMATIC MEASUREMENTS
Period, Frequency, Cycle RMS, Mean, Peak
1o Peak.

ACOUISITION MODES

Sample, Average, Peak Detect - High fre-
quency and random glitch capture; captures
glitches as narrow as 10 ns using acquisi-
tion hardware at all time/dlv settings
between 5 ps/div and 5 s/div.

TIME BASE SYSTEM (MAIN AND WINDOW)

Horizontal Zootn - Hortzontally expand or
compress a live or stopped waveform.

Time/Division Range - 5 ns {o 5 s/div.

Record Length — 2500 sample points per
channel,

Horizontal Accuracy - 1 0.01%.

NON-VOLATILE STORAGE
Waveform Display — Two 2500 poinl refer-
ence waveforms.
Wavelorm Storage - Two 2500 polnt refer-
ence waveforms (TDS 210, TDS 220), four
2500 point reference wavelorms
(TDS 224).
Setups - 5 fron panel selups.

TRIGGERING SYSTEM (MAIN ONLY)
Trigger Type - Edge (Rising or Faliing).
Video, Set to 50%.
Video Trigger Type - Triggers on Fields or
Lines from sync-negative composile video:
triggers on broadcast standard NTSC, PAL,
or SECAM video.
Trigger Modes - Auto, Normal, Single
Sweep.
Trigger Source -
TDS 210 and TOS 220: CH1, CH2, Ext,
Ext/5.
TDS 224: CH1, CH2, CH3, CHY
Trigger View - Displays trigger signal while
trigger view bulton depressed.

CURSORS
Types - Vollage, Time.
Measurements - AT, 1/AT, AV.

WAVEFORM PROCESSING
Arithmetic Operators - Add, Subtract.
Sources - CH1:CH2, CH3sCH4.

Autoset - Single bution automatic setup on
selected input signal for vertical, horizontal,
and trigger systems.

DISPLAY SYSTEM
Robust, backlit LCD with adjustable multi-
level contrast.

Interpolation - Sin{x)/x.
Modes - Vector, Dols, Dot Persistence.
Format - YT and XY.

HARDCOPY CAPABILITY
Printer/File Formats - Thinkjet, Deskjet,
Laserjet, Epson (9 or 24 pin), BMP, PCX,
iMG, EPS, DPU 411, DPU 412.
Hardcopy Layout - Landscape or Portrait.

TDS2CM COMMUNICATIONS EXTENSION MODULE
Centronics-type Parallel Port
RS-232 Programmability — Full talk/listen
modes. Conlrol of all modes, seltings, and
measurements. Baud Rate up to 19,200.
9-Pin, DTE.
GPIB Programmability ~ Full talkfisten
modes. Control of all modes, settings, and
measurements (IEEE Std 488-1987).

TDS2MM MEASUREMENT EXTENSION MODULE
FFT - Windows: Hanning, Flat Top,
Rectangular.
Sample points: 2048.
Automatic Measurements - Rise/Fall Time,
Positive/Negative Puise Width.
Interface — Centronics, RS-232, GPIB.

ENVIRONMENTAL AND SAFETY
Temperature -
0" C 1o +50° C (operating).
-20° C to +60* C (non-operating).
Humidity -
Up to 90% RH at or below +40° C:
Up to 60% RH from 41° C to 50° C (operat-
ing and non-operating).
Altitude -
Up 1o 2000 m (operating).
Electromagnetic Emissions -
Meets Directive 89/33&/EEC for Electromag-
netic Compatibility;
FCC Code of Federal Regulations, 47 CFR,
Part 15, Subpart B, Class A.
Safety— UL 3111, EN61010, CAN/CSA-
C22.2 No. 1010.1-92.

PHYSICAL CHARACTERISTICS

Dimenslons mm in.

Width 304.8 12.0
Helght 1514 5.96
Depth 120.7 475
Weight kg Ib.

oscilloscope only 1.5 325
w/accessories 1.7 3.75




TDS 200
Series
Ordering
Information

TDS 200 Digital Real-Time™ Oscilloscopes

Standard Accessories

P5112 100MHz 10X Passive Probes {one
per channel).

Warranty Information

Three year warranty covering all iabor and
paris, excluding probes.

International Power Plug Options

Standard - U.S. 115V, 40 Hz
{161-0230-01).

Opt. A1 - Universal Eurg 220 V, 50 Hz
{161-0104-04).

Opt. A2 - United Kingdom 240 V, 50 Hz
(161-0104-07).

Opt. A3- Australia 240 V, 50H:
(161-0104-05),

Opt. A4 - North Amerlca 240 V, 60Hz2
{161-0104-08),

Opt. A5 - Switzerland 220 V, 50 Hz
(161-0167-00).

Opt. AC - China 240 V, 50Hz
{161-0306-00).

Instrument Accessories

TDS2CM - Communications Extenslon
Module.

TDS2MM - Measurement Extension
Maodule.

TR210 - Huntron Tracker®.

ADOO7 - LAN/WAN GPIB Converter.

- AC220 - Soft Carrying Case.

RM200 - Rackmount Kit.

Service Manual (TDS 200 Sertes) - English
only {071-0492-00).

TDS2CM and TDS2ZMM Programmer’s
Manual - English anly (071-0493-00).

International User Manuals (TDS 200 Series

Oscilloscopes)

Standard - English (071-0398-GG).
Opt. L1 - French (071-0400-00).
Opt. L2 - Itallan (071-0401-00).
Opt. L3 - German (071-0402-00).
Opt. L4 - Spanish (071-0399-00).
Opt. LS - Japanese {071-0405-00).
Opt. L6 - Porluguese {071-0403-00).
Opt. L7 Simplified Chinese
(071-0406-00).

Opt. L8 - Traditional Chinese
(071-0407-00).

Opt. L9 - Korean (071-0408-00).
0Opt. LR - Russlan (071-0404-00).

Translated front panel overlays inciuded
with thelr respective user manuals. (except
Russlan)

Software

WSTRO - WaveSlar™ software for Oscillo-
scopes, Windows $5/NT application for
waveform capture, analysls, documentation
and controf from your PC.

WSTROU - Upgrade from WSTR31 o
WSTRO.

WSTR31 - WaveStar™ software for
Windows 3.1 (TDS 210, TDS 220).
WSTR31U - Upgrade from DocuWave® soft-
ware o WSTR31 (TDS 210, TDS 220).

International User Manuals {TDS2xM Extension Modules)

Standard - English (071-0409-00).
Opt. L1 - French (071-0483-00).
Opt. L2 - Ralian (071-0484-00).
Opt. L3- German (071-0485-00).
Opt. L4 - Spanish (071-0482-00).
Opt. L5 - Japanese (071-0488-00).
Opt. L6 - Portuguese (071-0486-00).
Opt. L7 - Simplified Chinese
{071-0489-00).

Dpt. L8 - Traditional Chinese
{071-0450-00).

Opt. L9 - Korean (071-0491-00).
Opt. LR - Russlan (071-0487-00).

Probes

P&015A - 1000X High Voltage Probe.
P&021 - 60 MHz AC Current Probe.
P&022 - 120 MHz AC Current Probe.
Ab21 - 2000 A AC Current Probe/BNC.
A622 - 100 A AC/DC Current Probe/BNC.
P5100 - 100X High Voltage Passive Probe.
P5200 - High Voltage Differential Probe.
P&101B - 1X Passive Voltage Probe

{15 MH2).

P62435 - Active FET Probing System

(1 GHa).

P6408 — Word Recognizer/Trigger Probe.
P&561A - SMD Small Geometry Probe.
AM503S - AC/DC Current Probe System.

Accessory Cables

GPIB, 1 m (3.3 ft) ~ Order 012-0991-01.
GPIB, 2 m (6.6 f1) ~ Order 012-0991-00.
RS-232, 9-Pin femzle to 9-Pin female
connectors, null modem, 76 in. (1.9 m),
for AT style computers - Order
012-1379-00.

RS-232, 9-Pin female 1o 9-Pin male con-
nectors, 15 ft. (4.6 m), for modems -

 Order 012-1241-00,

Centronics, 25-Pin maie to 36-Pin Cen-
tronics, 2.4 m (8 1), for parallel printer
interfaces - Order 012-1214-00.

page 3



For further informationy contact Teldronie

Workdwide Watx for he mast up-lo-date produci informalion visii our web sile al: www.lekironix.com

ASEAN Courbrias (#5) 354-3900; Australis 8 New Zealand 61 (2) 9888.0700; Austria, Central Eastem Europe, Greeos, Turkay, Maia & Oprus  +43 2236 8092 0 Bedgium +32(2) 715 69 70

Brazil and Scuth Arvarica 55 (11) 3741-8360; Canad 1 {B00) 667-5625; Duwrwk +45 (44) 850 700: Firdand +358 (9) 4783 400; Fraroe 8 North Alrica +131 69 B4 81 81; Cermnany + 49 (221) 94 77 400:
Hong Hong (857) 2585. 8485; tncka () 80-2275677: haly +39 (2) 25085 507; Japan {Scriy Tektrorix Corporstion) 81 (3) 3448-3111; Mecdon, Owiral America, & Caribbean 52 {5) 666-6133;

The Nettwrianchs +31 23 56 95555; Norwary +47 22 07 07 00: Pecple’s Republic of China 86 (10) 6235 1230; Repubiic of Korea 82 {2) 526-5299: South Africa (27 11)851-5222° Spain 8 Portugal +34 91 372 6000;
Swmdan +46 B 477 65 00; Switzartand +41 (41) 729 3 40; Takwan B84 (2) 2722-9622; Uritad Kingdom & Eire +44 (0}1628 403300: USA 1 (800} 426-2200.

From other aress, cortact  Tekironlx, Inc. Export Sales, P.O. Box 500, M/S 50-255, Beaverion, Oregon 97077-0001, USA 1 (503) 627-6877.

KR & Ce iy

Copyright © 1999, Tekironix, Inc. Al rlghls reserved. Tekironx producis are covered by U.S. and foreign palents, issued and pending. Informalion in this
tha

i

all p y d materlal. Specification and price change privileges reserved. TEXTRONIX and TEK are registered T ktr =
acemarks of Tenmll Inc. AN olher 1rade names referenced are the service marks., Irademarks or g rks of thelr resp [ e On]x
89 HBYBS 40W-10992-4
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COMFETENCE
IN PRECISION

Instruction manual EDA

Interface card for amplifier system ENV

O EDA 2
O EDA 3
O EDA 4
O EDAS5

Please read the instructions carefully before switching on the

device |
This instruction manual includes CD-ROM:
Interface Board EDA

Serial no.:
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2. Technical Data

circuit board: 100x160 mm?
working voltage: +5V (140mA), +/-15V (15mA)
CPU: SAB-C515A (SIEMENS)
data memory: 128 kByte
code memory: 128 kByte FLASH
256 Byte EEPROM
digital outputs: . 8
digital inputs: 8
display: 4 x LED {front panel)
variant of EDA
RS232 (front panel)
IEEE 488 (front panel)
analogue outputs (0..10V)
resolution: 4 x 12 Bit b 4 X
resolution: 4 x 16 Bit X X |
analogue inputs
s ge: 8 evo 1ovov| * X
el eftge: T VA | N
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3. Pin Connection X3 (C64)

A C
pin |signal |description signal |description
1 |GND digitat ground GND digital ground
2 |GND digita! ground GND digital ground
3 |eo7 digital output 7 eob digital output 8
4 |VCC +5V digital pole: +5V digital
5 |eo5 digital output 5 eod digital output 4
6 |+15V [|analogue Ub 415V lanalogue Ub
7 |e03 digital output 3 Al5 analogue input 5
8 |AGND [analogue ground AGND |analogue ground
9 |AGND |analogue ground AGND |analogue ground
10 |Al6 analogue Eingang 6  |AI7 analogue input 7
11 |-15V analogue Ub -15V analogue Ub
12 |A1 analogue input 1 AlD analogue input 0
13 |AI2 analogue input 2 AQO0 analogue output 0
14 |AO2 analogue output 2 AO1 analogue output 1
15 |eol digital output 0 eo2 digital output 2
16 [(eol digital output 1 AO3 analogue output 3
17 |AI3 analogue input 3 Al4 analogue input 4
18 |- NC - - - NC
19 |- NC - NC
20 |- NC - NC
21 |- NC - NC
22 |- NC - NC
23 |- NC - NC
24 |- NC - NC
25 |- NC - NC
26 |AGND |analogue ground AGND |analegue ground
27 |ei4 input 4 (0...5V) ei3 input 3 (0...5V)
28 |eib input 5 (0...5V) ei2 input 2 (0...5V)
29 |ei6 input 6 (0...5V) eil input 1 (0...5V)
30 |- NC - NC
31 |ei? input 7 (0...5V) i input 0 (0...5V)
32 |- NC - NC
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4. Pin Connection X4 (DSUBY)

Page 8

pin

signal

NC

TxD

RxD

connected with pin 6

GND

connected with pin 4

connected with-pin 8

connected with pin 7

DI |~ |h|W N | =

NC
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5. RS232-cable
» 9-pol --> 9-pol cable
EDA PC
- I
RN I P
3lo—— 1|8
2| °1T% 5 1° |3
8 | o—qg— —o | &
o o
o+—2 i lo
\4 e s./
Stechen/Male OND Buchse/Female
s 9-pol = 25-pol cable
BRI AN
Al —o
o-4—1 10
. 6 15 o
i° o2 I )
ol ot oo
= )
Al I
| PR = 1%,
. s 6
\c_, T
ol &
Stecker/Male m'}’ 0. ?
L ._......__.____O X
GND I PN 2]
ol s
-2
..ﬂ.._.'o_.o
T P
23 o
T S
A A
VI P
e
Buchse/Female
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6. Demosoftware
6.1. Installation

System Requirements:

s PC running Windows 3.11, 95/98 oder NTx
o 8 MB free memory on hard disc

Software:

s Microsoft Windows 3.11 capable of 32-Bit prozessing, 95/98 or NTx

ACROREAD:
ACROBAT-READER

DATASHEETS:
datasheets for EDA

DOC:
Documentation

SOURCE:
C51-source for Urlader and actual EDA-program
EDA2_5.HEX - program stored on interface card, download with included terminal

software possible
URLADER.HEX - simple download program for page 1, download with included
terminal software possible

WWW.PIEZOJENA.COM:
Website of piezosystem jena GmbH

. 6opy DEMOEDA.EXE and Help-Files onto hard disc and execute
« press F1 or use with '?' for Help )

-‘Page 10
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6.2. Getting started

After starting the demo program for the first time parameters and possible settings are set by
default. The language setting adjusts to the language of the operating system. In case of a
system language different from German or English the program language is set to English.
The subroutine Voltage/Way is activated. The interface is specified as RS232 on COM1 with
9600 Baud. if COM 1 is not accessible an error is prompted and the menu Settings opens.
The settings have to been adjusted. After changing to the subroutine Terminal the EDA
should use it prompt:

EDAX Vn.nnn S0>
In case of reply;
URL Vn.nnn §1>

the function switch S1 is in position 2 and has to be switched to position 1. Reset the interface
card afterwards.
If the terminal shows no response the following points should be checked:

is the EDA (the ENV-System) switched on ?

is the RS232-Connection between PC and interface card established ?
is the configuration of the RS232-Connection ok ?

were the appropriate COM-parameter choosen ?
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6.4.2. Switch Channels

The marked channel is activated.This is only possible if the corresponding channel was
activated in the setup register.

6.4.3. Sliding Controls

The output voltage can be specified. If the box auto output is marked, changes will be
transmitted to the EDA immediatly.

6.4.4. Voltage Setting

The output voltage can be changed directly or by means of the arrow keys. If the box auto
output is marked, changes will be transmitted to the EDA immediatly.

6.4.5. Set Voltage

The specified voltage of the selected channel is send by set,nr,Usoll.

6.4.6. Voltage Display

If the register Voltage/Distance is activated, a cyclic voltage measurement of all activated
ADC-Channels is performed by using the command measure. The periodicity of
measurements can be changed in the sub menu measuring interval. The EDA answers with
the command ‘aw,wertO,wert1,...wert7’. This voltage values are scaled and displayed
according to the rules defined in the register Setup/Scaling/Measurement Range.

6.4.7. Button Transmit All |

All four specified voltages are transmitted using the command setall.

6.4.8. Pick Up Auto Output

By marking this option changes are transmitted automaticly.

6.4.9. Measuring Interval

The periodtime for voltage measurements can be set here. Possible intervals range from 0 to 25
seconds. If 0 seconds is selected no voltage measurement is performed.
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6.5.2. Functions

6.5.2.1. Sinus
A sinus function specified by the parameters in the same groupbox is modulating the piezo
actuator. The current parameters are transmitted to the EDA by pressing write. The

corresponding system command is setsi. The parameter vertex is not defined for this
function.

6.5.2.2. Triangle

A triangle function specified by the parameters in thé same groupbox is modulating the diezo
actuator. The current parameter are transmitted to the EDA by pressing write. The
corresponding system command is setdr.

6.5.2.3. Jump
A jump function specified by the parameters in the same groupbox is modulating the diezo
actuator. The current parameter are transmitted to the EDA by pressing write. The

corresponding system command is setsp. The parameter vertex and resolution are not
defined for this function.

6.5.3. Parameter of Standard Function

Offset
Offset can be altered within the limits set in register setup.
Amplitude

Amplitude can be altered within the limits set in register setup. If offset is set to zero the
entire voltage range is used for modulation.

Frequency

The parameter defines the frequency of the output signal. For each standard function the
frequency has to be specified. The maximum frequency is depended on the specified standard
function and the resolution.

Resolution

The parameter specifies the number of points used within a peride of the specified function.
For sinus- and triangle function the possible values range from 4..128 points in steps of 2.

As higher the resolution as lower the maximum frequency. The resolution of the standard
function jump is set to 2.
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Number of periods

Limits the number of periodes of the standard function. By selecting the value 0, the output is
permanently.

Initial angle

The inital angle enables to start the output at any phase angle. By working with several
channels the phase difference between them can be easily manipulated.

Vertex

This parameter is valid for the function triangle only. The vertex can be set to any position
within the period enabling sawtooth function like output.

Frequency divider

The frequency is divided by the value specified here. Maximum value depends on function and
parameters choosen.

6.5.4. Keys
write
The parameter of the corresponding channel are send to the EDA via setsi, setdr or setsp.
They are stored until the next reset. To store parameter permanently they have to be saved
onto EEPROM by pushing WRITE DATA TO EEPROM button.
Read
Parameter of the selcted channels are read and displayed.
stop
Channel is stopped by command stop,ch.
start
Channel is started by command start,ch.
write all channels
All parameter of all channels are send to the EDA.

read all channels

Parameter of every channel are read and displayed.
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start all channels

Every activated channel is started WITHOUT PARAMETER by sending the command start.
Parameters are set by sending the command cset,... before.

stop all channels

The program sends the command stop without parameter tc the EDA. This stops all
channels.

write data to EEPROM

By sending the command save all parameters are sté;red permanently to EEPROM
save to file

The selected parameters are saved as file..

read from file

A previously saved data file can be reloaded..

6.5.5. Limits

Limits of frequency and resolution for sinus and triangle function are:

active Channels frax/HZ Resulution/Pnt

1 65 -—> 128

1 2083 > 4

2 36 -> 128

2 1166 --> 4

3 23 -> 128

3 750 > 4

4 10 --> 128

4 333 > 4
jumpfunction:

active Channels frax/HZ

1 4166

2 2333

3 1500

4 666
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6.6.2. Buttons

4] fite 1, file 2

Each button can be used for a HEX-file. By pushing a button the corresponding file is
downloaded.

@ delete

By pushing this button the memory is deleted by sending 'fdel’ to the EDA. The command has
to be confirmed before it applies.

6.6.3. Loading Programms

Since the EDA contains of a memory, it is possible user defined programs to load into
memory and start from there. The programs have to be written in INTEL-HEX-format.

Before loading the FLASH-memory page has to be deleted and the opposite page has to be
selected.

Bage 20

piezosystem jena GmbH
Prissingstrasse 27 « 07745 Jena » Germany
Tel (+ 49) 3641 66 88-0 « Fax (+49) 3641 66 88-66 » e-mail: info@piezojena.com « hitp:/iwww.piezojena.com



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

luansalla sy Bnnsnuiludnuadilon uaznedendidaaivesonalsynaseniinisiiiuly



. piezosystem jena

COMPETENCE
IN PRECISION

7. Hardware
7.1. Introduction

The interface card consists of two parts - computer interfface and analogue electronics. In
addition, 8 digital outputs and 8 digital inputs exist. The main circuit of this card is the micro
controller SAB-C515A with 128k Flash-EPROM and 128k RAM. This controller works at a
clock frequency of 11,059 MHz. The interface card is realised as a simple Europe board
(100x160 mm?).

Buttons, displays and interface connector are placed on the front panel. The power supply
and the digital and analogue inputs and outputs are connected via a basic 64-pin connector.

7.2. Microcontroller
7.2.1, Description

The microcontroller used is a SAB-C515A with 8-bit MCU, 128k Flash-EPROM and 128k

RAM working at a clock frequency of 11,059 MHz. It is only able to directly address 64 kByte

code and data memory. Therefore the code memory was split into two memory pages. Cnly

one of this pages is active after reset.

A monitoring program is saved on the active page 0 (A16FLASH = 0) after resetting the

microcontroller. This monitoring program includes functions to communicate with the host, to

operate the ADC and DAC and to write and delete the contents of memory page 1. Switching

getween the two pages is initiated by software and the necessary logic for this is realised by a
AL.

The shared data memory can be changed by software as well (P4.4). After RESET the RAM

page 1 (A16RAM = 1) is activated.

The periphery units of the interface card are addressed in memory space 0xff60 — 0xffff.

Basic values for the operation of the interface card are saved in address space 0x0080 to

Ox00ff of code memory on page 1. These basic values cannot be deleted but remain on a

EEPROM with a capacity of 256 Byte.

7.2.2. Behaviour of Interface Card after RESET

After RESET all analogue outputs are set to 0V, all digital outputs are set to 'HIGH' and the
RS232-Interface sends the message:

"EDA2,00,n(CR/LF)" and
"EDAx Vn.nn S0>(CR/LF)"

All LEDs on front panel are switched off (unlit), the baud rate is set to 9600 (default) and the
function switch status is checked. If the switch is in position 1, the controller wili stay in the
monitor program loop and will wait for user inputs. if the switch is in position 2, the controlier
will check if an executable program is saved at code memory page 1. if so the controller will
run this program. Otherwise the controller checks if sensible parameters are saved. if it finds
executable parameters, it will activate the appropriate channels and start the output function.
if the controller finds no sensible commands on code page 1, it returns to the monitor
program.

7.2.3. Memory EEPROM
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Adr(HEX} Symbol Contents
0x00 XXX - used for internal checking
0x01 IEEE_EOS - Label for EOS
0x02 IEEE_ADR - Adress IEEE
0x03 IEEE_SRQ - SRQ-Register
0x04 IEEE_PPR - Parallel-Register
0x81 LPNUMMER - Number of circuit board
0x83 DATUM - Date of delivery control
0x87 PRUEFER - Name of controlier
0x8d PROGANZ - Number of programs
Ox8f F_BAUD - Baudrate, 0-2400,1-4800,2-9600,3-19200
0xal F_MODE - Mode:0(SINUS),1(DREIECK),2(JUMP)
Oxa4 F_AMPLITUDE - Parameter Amplitude
Oxac F_OFFSET - Parameter Offset
Oxb4 F_FREQUENZ - Parameter Frequency
Oxbc F_ANZAHL - Parameter Number of periods
Oxc4 F_SCHRITTWEITE - Parameter Resolution
Oxce F_WOFFSET - Parameter Initial angle
Oxd4 F_SCHEITEL - Parameter Vertex
Oxdc F_DIVISOR - Parameter Frequency division
Oxed F_IMPULS - Parameter synchronisation
0xf0 F_MESSBEREICH - Measurement range ADC
0xf8 F_AUTOSTART - active channel for Autostart
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7.2.4. Blockschaltbild EDA 2/3

X3:C13
L TusER [Ofeeniec | @ |01 X3:Al4
Imomrmao & AO2 XAC14
T (dectlee | 5" A0s_ xa:16
10xfeeBlec | :
Il AlD X3:A12
RESET-LED Al1 X3.C12
AlZ X3:A13
_ %I Al3 X3.A17
Ald X3:.C17
N %‘ Alb X3.C7
AlS X3:A10
" AlT7 X3.C10
.eol X3A16
eol  X3:C15
802 X3Al5
4xuser-LED 803  XIAT
.e0d  X3.ChH
05 X3A5
eof  X3:C3
807  X3:A3
.eil X3.A18
e X3.C15
.eid XIALS
eid X3.A7
.eid X3.C56
ei5  X3:A5
.&if X3.C3
.ei7 X3:A3
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7.2.5, Blockschaltbild EDA 4/5

Al X3A12
RESE-LED Al1 X3:.C12
Al2 X3A13
Al3 X3:A17
el XIA18
eot X3:.C15
e02 X3A15
803 X3AT
eod  X3Ch
205 X3AS
dxuser-LED £0b X3C3
807 X3A3
.eil X3:C31
.ei1 X3:.C28
802 X3.C28
.ei3 X327
.eid4 X3A27
.ei5 A3A28
.8 X3:A29
ei7 X3:A31
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7.3. Computer Interface

7.3.1. RS232

The computer interface is realised by an serial interface RS232. The baud rate can be set by
software to the values 2400, 4800, 9600 (default value) and 19200. The transfer protocol is
set to 8 data bits, 1 stop bit, with neither parity nor flow control. The communication between
computer and interface card is realised by transfer of strings in ASCl-Code. The strings are
terminated by CR (0Ox(d). The receiving software ignores values less than 0x20 {SPACE) and
greater than 0x7f (DEL). Input errors can be corrected by BACKSPACE (0x08). Parameters
are comma-separated e.g, help,start{CR}.

7.3.2. |EEE 488

The IEEE 488 Interface is based on a modul by CompuBoards. All pin connections are
according to the IEEE standard. Data transfer is performed in 7-bit mode. Every writing
operation is followed by an EOI (end of instruction). Switch 2 handels the Interface address.
By default the GBIP address is set to 8. It can by changed by means of switches §2.1 to 2.5,
Switch 82.1 corresponds to binary adress bit '0". Switches S2.6 to $2.8 are without meaning.

Switch 82 87654321
Bit O X xx 00001
Bit 1 X xx 00010
Bit 2 x xx 00100
Bit3 X X x 01000
Bit 4 X Xxx 10000
Defaultsettngg 00001000

Attention: A change in the address setting applies after ' RESET only!
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7.4. Inputs/Outputs

7.4.1. analogue Outputs

¢ Channels: 4

* Resolution EDA2/3: 12 Bit
+ Resulution EDA4/5: 16 Bit
¢ Output voltage range: 0...10V
Channel Adress  Function

CSLSBO - Oxfee8 write LOW-Byte Channel O
CSMSBO - Oxfeec  write HIGH-Byte Channel 0
CSLSB1 - Oxfeea  write LOW-Byte Channel 1
CSMSB1 - Oxfeee  write HIGH-Byte Channel 1
CSLSB2 - Oxfee9  write LOW-Byte Channel 2
CSMSB2 - Oxfeed write HIGH-Byte Channel 2
CcsLsB3 - Oxfeeb  write LOW-Byte Channel 3
CSMSB3  -Oxfeef  write HIGH-Byte Channel 3
LDAC1 - Oxfef0  transfer all DAC-Register

7.4.2. analogue Inputs

EDA2/3 EDAA4/5
‘¢ Channels: 8 4
¢ Resolution: 12 Bit 16 Bit
¢ Measurement range EDA2/3: +/-10V,+/-5V,0..10V,0..5V  0..10V
¢ Hardware address: Oxfeed . Oxfee4d
7.4.3. digital Outputs
e IC: 74HCTS573
¢ Hardware address: Oxfeel

7.4.4, digital Inputs

The controller's ADC-input pins are used for digital input. Due to this arrangement TTL-signals
can be read and in addition analogue signals in the range 0..5V can be measured.
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8. Firmware
8.1. Overview

Before delivery two programs are installed at the EDA: an operating system on page 0 and an
data transfer program on page 1. The operating system enables driving external hardware
(ENV). The demo program makes substantial use of subroutines from the operating system.
The data transfer program (URLADER.hex) enables loading of user defined programs.
Source code of both programs is contained in the delivered software.

The communication between PC and EDA is enabled by RS232 or iEEE488 interface and
performed with help of ASCIl strings. Using a RS232 interface, the endsign of every string has
to be 'CR’; using the IEEE interface, the endsign hasto be 'LF'.

A string for the EDA is according to the following scheme:

command[,parameter 1[,parameter 2[,...,parameter x]11

If a command is known to the EDA, it will be carried out. In case the command is not known to
the EDA either the EDA prompt is send back (in case of sending strings by RS232 interface)
or the commond is ignored (in case of using the IEEE interface). Commands for the EDA can
be divided into monitor commands und system commands. Monitor commands partly ask
for their parameters interactivly whereas system commands all parameters include.
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8.2. List of Commands

8.2.1. Monitor Commands

8.2.1.1. Overview

CMD short description

de? - display ccde memory

de? - display extended data memory
di? - display internal data memory
dx? - display external data memory
df? - display FLASH-EPROM memory
dm? - display EEPROM memory

el? - edit internal data memory

ex’ - edit external data memory

ee) - edit extended data memory

fi? - fill internal data memory

fx? - fill external data memory

wif? - write FLASH-EPROM

s’ - display available EDA commands
co? - compare FLASH-EPROM
mtst?” - memory test

baud? - setbaud rate

ver - display version

sh? - HEX-file output

q’ - quit

fdel” - delete FLASH-EPROM

go’ - start program

help? - display help on command

) This commands are available for RS232 only!

8.2.1.2, Command 'dc’

Command string: dc,xxxx,nnnn (RS232)

Answer: memory listing

Lists nnnn bytes starting from code memory address xxxx as a hex dump. Parameters have
to be hexadecimal.
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8.2.1.3. Command ‘de'

Command string: de,xxxx,nnnn (RS232)
Answer: memory listing

Lists nnnn bytes starting from extended data memory address xxxx as a hex dump.
Parameters have to be hexadecimal.

8.2.1.4. Command 'df'

Command string: di,xxxx,nnnn (RS232)
Answer: memory listing

Lists nnnn bytes starting from internal data memory address xxxx as a hex dump.
Parameters have to be hexadecimal.

8.2.1.5. Command 'dx’

Command string: dx,xxxx,nnnn (RS232)
Answer: memory listing

Lists nnnn bytes starting from external code memory address xxxx as a hex dump.
Parameters have to be hexadecimal.

8.2.1.6. Command 'df -

Command string: df,xxxx,nnnn (RS232)
Answer: memory listing

Lists nnnn bytes starting from the opposite side of FLASH-EPROM memory address xxxx as
a hex dump. Parameters have to be hexadecimal.

8.2.1.7. Command ‘'dm’

Command string: dm,xx,nn (RS232)
Answer: momory listing

Lists nn bytes starting from EEPROM address xx as a hex dump. Parameters have to be
hexadecimal.
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8.2.1.8. Command 'el’

Command string: ei (RS232)
Answer: dialog

Enables editing of internal data memory. Necessary parameters are questioned interactiv.

8.2.1.9. Command 'ex'

Command string: ex (RS232)
Answer: dialog

Enables editing of external data memory. Necessary parameters are questioned interactiv.

8.2.1.10. Command 'ee’

Command string: ee (RS232)
Answer: dialog

Enables editing of extended data memory. Memory can be adressed by setting Pin 77 (P4.4)
during reading to low.This memory is not used by the demoprogram.

8.2.1.11. Command 'fi’

Command string: fi (RS232)
Answer: dialog

Fills the internal data memory with a byte. Necessary parameters are questioned interactivly..

8.2.1.12. Command ‘'fx'

Command string: fx (RS232) -
Answer: dialog

Fills the external data memoty with a byte. Necessary parameters are questioned interactivly..

8.2.1.13. Command 'wf

Command string: wf (R$232)
Answer: dialog

Writes a byte to the opposite side of the FLASH-EPROM. Necessary parameters are
questioned interactivly.
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8.2.1.14. Command 's’
Command string: s (RS232)

Answer: List of Commands

Lists every command of the EDA

8.2.1.15. Command ’‘co’

Command string: co (R$232)

Answer: Differences

Entire code memory is compared with the opposite side of FLASH-EPROM. Any differences
are listed with memory address.

8.2.1.16. Command ’'mtst’

Command string: mtst (RS232)

Answer: none

Through a part of external code memory is for a specified byte. Any different byte wili be
displayed.

8.2.1.17. Command 'baud’
Command string: baud,n (RS232)

Answer: none

Switches the EDA to a different transmission rate. Changings are valid immediatly and
permantly (changes are saved to EEPROM.)

0 -2400
1-4800
2 -9600
3 -19200

n

8.2.1.18. Command 'ver

Command string: ver (RS232,IEEE)

Answer: version,viumber,createdate,createtime

Answer string contains software version of demo program.
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8.2.1.19. Command 'sh’

Command string: sh (RS232)
Answer: Hexfile

Entire memory of opposite FLASH-Side is send over RS232 as Intel-Hexfile.

8.2.1.20. Command 'q’

Command string: q (RS232)
Answer: none

Switches from current side of FLASH EPROM to the opposite side and starts program from
address 0x0000. If there is none, the command is ignored.

8.2.1.21. Command ‘fdel’

Command string: fdel (RS232)
Answer: dialog

The command deletes the opposite side of FLASH-EPROM.
8.2.1.22. Command 'go’

Command string: go (RS232)
Answer: none

Starts program from address 0x0000. If there is none, the command is ignored.

8.2.1.23. Command 'help’

Command string: help,cmd (RS232)
Answer: helptext

Displays short helptext on the command. By sending the string 'help’ without further
parameter, a listing of all commands with short helptext will be displayed.
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8.2.2. System Commands

8.2.2.1. Overview

CMD short description

start - starts user selected function

stop - stops user selected function

M - status

cset - activates / deactivates channel

ke - switches on every activated channel

ka - switches off every activated channel

set - sets selected DAC-channel to the specified value
rk - voltage measurement

rkz? - cyclic voltage measurement

setall - sets all DAC-channel to the specified value

save - saves parameter to EEPROM

setdr - sets parameter for function 'triangle’

setsp - sets parameter for function ‘jJump'

setsi - sets parameter for function 'sinus'

cl - delets selected function from selected channel
amt? - sets up measurement range

setk - switches on / off the desired channel

setc - sets measurement range of selected ADC-channel
setcc - sets measurement range of all ADC-channel

dp - writes the digital outputs directly

rch - reads parameter of one channel

rcha? - reads parameter of every channel

sp - reads measurement range of ADC-converter
-measure - reading of every ADC-channel

ERR? - reads error occured at last

as - writes active autostart channels to EDA

as? - reads active autostart channels

‘) Ths commands are available for RS232 only!
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8.2.2.2. Command 'start’

Command string: start[,ch] (RS232,IEEE)
Answer: none

Startes defined function on channel ch with parameters saved onto the EDA or parameters
sended before. By sending the command without further parameter all channel will be started.

8.2.2.3. Command 'stop'

Command string: stop[,ch] (RS232,IEEE)
Answer: none

The function output on channel ch is stopped and in case of using without parameter all
channels will be stopped.

8.2.2.4. Command 'M'

Command string: M (RS232,IEEE)
Answer: EDA2,xx,sh

This command asks for an identification of the current interface It enables to determine the
presence of the EDA. The parameter xx send back by the EDA includes status information:

bit 0 = 1 atleast onto one channel parameter are send to
The parameter sh contains the position of switch S1

0 - position 1
1 - position 2

8.2.2.5. Command 'csef'

Command string: cset,ch,ea (RS232,lIEEE)
ANSwer; none

The channel specified with nr is activated or inactivated.

Ea = 0-on
1 - off

To activate the changes made the command ke has to be send too. The activation is only
meant o switch the digital outputs.

8.2.2.6. Command 'ke'

Command string: ke (RS232,JEEE)
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Answer: none
Switches all channels on which previously were switched off ka.

8.2.2.7. Command 'ka'

Command string: ka (RS232,|IEEE)

Answer: none
Switches all channels off

8.2.2.8. Command 'set'

Command string: set,ch,wert (RS232,IEEE)

Answer: none

Sets the DAC-channel specified by ch to wert. Values which exceed the range fimits are
corrected automaticly (ch=3,wert=0}.

8.2.2.9. Command °'rk’

Command string : rk,ch,br (RS232,IEEE)

Answer: rk,ch,wert

Sends back the value measured by ADC-channels ch. The second parameter describes the
measurement range: :

br 0-0..10V
1-0.5V
2 -+-10V
3-+/-5V

If the values exceed the measurement range the command is not executed. Sending the
command ERR? the last error can be traced back.
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8.2.2.10. Command 'rkz'

Command string: rkz,ch,br (RSZ32)
Answer: rk,ch,wert

Similar to rk, but cyclic. The measurement range can be specified by sending the command
amt. This command can only be interrupted by pushing a key or reset. Sending the command
ERR? the last error ¢an be traced back.

8.2.2.11. Command ’'setall’

Command string: setall,k0,k1,k2,k3 (RS232,|IEEE)
Answer: none

All DAC-channels are set to the specified values. There is no check for valid inputs.

8.2.2.12. Command 'save’

Command string: save (RS232,IEEE)
Answer: saveok

Saves the parameter of standard function to EEPROM.

8.2.2.13. Command 'setdr’

Command string:
setdr,ch,off,amp,fre,pkt,anz,sangle,apex, divider,syn (RS232,|IEEE)

Answer: none

Sends to channel ch the function TRIANGLE with parameters:

off - offset

amp - amplitude

fre - frequency

pkt - points/periode

anz - Number of perindes, 0 = infinity
sangle - initial angle

apex - vertex

divider - frequency divider

syn - syncronisation

The function can be started by sending start[,ch].

8.2.2.14. Command ‘setsp’
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setsp,ch,off, amp,fre,pkt,anz,sangle,apex,divider,syn (RS232,IEEE)

Answer: none

Sends to channel chanal ch the function JUMP with parameters:

off - offset

amp - amplitude

fre - frequency

pkt - 2

anz - Number of periodes, 0 = infinity
sangle - initial angle ’
apex - not used

divider - frequency divider

syn - syncronisation

The function can be started by sending start[,ch].

8.2.2.15. Command 'setsi’

Command string:
setsi,ch,off,amp,fre,pkt,anz,sangle,apex,divider,syn (RS232,IEEE)

Answer: none

Sends to channel chanal ch the function SINUS with parameters:

off - offset

amp - amplitude

fre - frequency

pkt - points/periode

anz - Number of periodes, 0 = infinity
sangle - initial angle

apex - not used

divider - frequency divider

syn - syncronisation

The function can be started by sending start[,ch].
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8.2.2.16. Command 'cl’

Command string: cl,ch (RS232,IEEE)
Answer: none

Deletes the function specified on channel ch.

8.2.2.17. Command 'amt'

Command string: amt,time (RS232)
Answer: none

This command set the measurement interval of command rkz, range: 0..255 ( corresponding
0..25s)..

8.2.2.18. Command 'setk’

Command string: setk,ch,ea (RS232,IEEE)
Answer: none

Switches the channel ch on (1) or off (0). Only the digital outputs and the corresponding LED
are affected. In case of ch > 7 all channels and LED are switched off.

8.2.2.19. Command ’setc’

Command string: setc,ch,range (RS232,IEEE) I only EDA2/3 11!
Answer: none

Set measurement range of channel ch.

0-0..10V
1-0..5V
2-210V
3-8V

Range

8.2.2.20. Command 'setcc’

Command string: setcc,rng0,rng1... (RS232,IEEE) I only EDA2/3 il
ANSwWer: none

Sets measurement range of every ADC-channel (rng definition setc).
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8.2.2.21. Command 'dp’

Command string: dp,xx (RS232,|IEEE)

Answer: none
Sets the digital outputs to (0x00..0xff). LEDs are not affected.

8.2.2.22. Command ‘'rch'

Command string: rch,ch (RS232,IEEE)

Answer: rch,ch,off,amp, fre,pkt,anz,sangle,apex,divider,syn

Reads parameter of channel ch using the RS232 interface. The order of the parameters
agrees with setsi, setdr, setsp.

8.2.2.23. Command ‘rcha’

Command string: rcha (RS232)

Answer: rch,0..3,...
Reads out parameter of all channel using the RS232 interface.

8.2.2.24. Command 'sp’
Command string: sp (RS232) i11'only EDA2/3 1!}

Answer: sc,s0,s1,..,57
Reads out previously specified measurement range of AD-converter.

8.2.2.25. Corhmand 'measure’ -

Command string: measure (RS232,IEEE)

Answer: aw,wert0,wert1,...,wert/
Reads out measurements of all ADC-channel.

8.2.2.26. Command 'ERR?'

Command string : ERR? (RS232,IEEE)

Answer: ERRUR, 'last error”

Sends back the last error encountered. The error buffer is deleted afterwards.
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8.2.2.27. Command 'as’

Command string : as,ch,efa (RS232,IEEE)
Answer: none

The autostart channel are send to the EDA. Each channel has to be activated/deactivated.
The command:

as,1,1

activates channe! 2 of the EDA for autostart
as,1,0

deactivates channel 2 of the EDA for autostart

8.2.2.28. Command 'as?’

Command string : as? (RS232,|EEE)
Answer: asl,ach1,...,ach4

This command reads out the autostart channels activated. An active channel is specified by
parameter "1".
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Index
Commands
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baud 35
co 35
dc 32
de 33
df 33
di 33
dm 33
dx 33
ee 34
ei 34
ex 34
fdel 36
fi 34
fx ' 34
go 36
help 36
mitst 35
q 36
s 35
sh 36
ver 35
wi 34
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amt 42
as 44
as? 44
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Limits 18
Number of periods 17
Offset 16
Read 17
read all channels 17
read from file 18
. Resolution 16
save to file 18
Sinus 16
start 17
start all channels 18
stop 17
stop all channels 18
Triangle 16
Vertex 17
write 17
write all channels 17
write data to EEPROM 18
System Requirements 10
Technical Data 6

Terminal
Buttons
delete 20
file 1, file 2 20
Loading Programms 20
Voltage/Position
Button Transmit All 14
Measuring Interval 14
Pick Up Auto Output 14
Set Voltage 14
Sliding Controls 14
Switch Channels 14
Voltage Display 14
Voltage Setting 14
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