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Study of Ferrcelectrics Thin Film
—Development of Optical Writing Memory -

EN OB [z WY M #x #5% HE
TAMAGAWA Tsutomu  TAKABAYASHI Sotohire  TAMURA Ikuo TANINO Katsumi

Informative abstract

Ferroelectrics ceramics sre relatively known to us, since BaTi0; or PZT type ceramics have developed extensively
in Japan. PLZT is obtained by replacing a part of Pb of PZT La and it shows ferroelectricity as PIT.

Fablication of thin film by these ceramics contributes to make small, light and multifunctional devices. These
films have possiblitiesof giving excellent cheracteristics that bulk ceramics do not have yet.

PLZT can be used for image memory, optical shutter and So on because it exhibits large electroopticel effect and
it is transparent in the visible and infrared region.

Many reserchers have been trying to investigate PLZT thin film for integrated device. But the fabrication of its
thin film is very difficult due to its plural metal oxide.

In this study, we tried to fabricate PLZT thin films of high quality. We also tried to make optical device using
bulk PLZT.We examined some experimental conditions in detail to accompolish our purpose.

The experimental conditions are as follows:

(1) Substrate( kinds of single crystal and heating temperature ).

(2) Sputtering conditions( ex., gas pressure, partical pressurs, input power and anealing process ).

Prepared samples are characterized paying attention to the following points.

(1) Perovskite type or pyrochlore type structure ?

(2) Dielectric constant( specific inductive capacity ).

(3) Applicability for optical device.

This report presents the result of our work performed during one year. In the conclusion, we found that PLIT
films grown Pt and they show the excellent erystalline and dielectric properties. Therefore, reflection type may be

profitable rather than transmission type in optical devices such as image memory for application of PLZT thin films.
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Fig.l. Profile for firing process of PLIT ceranies
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Study Concerning the Development of Auto Testing

Instrument of Worked Surface Roughness

HfT EfF HWE R W o HH M & A Moo
TAHURA Hasayuki-YANAGIHARA Kiyoshi-SAKURAE Kazunori-YOSHIDA Tsutomu-YAMAMOTO Tomohisa-HAYASHI Riroshi

“Abstract

Generally speaking, how to test the surface of metalic molds is highly depend on the exparts' sight who engage
in producing. Recently,in the sight of quality checking the metalic molds, not enly high precision measuring size,
but also numerical evaluation of the characteristics of the surface condition and measuring ' in line process',
is badly needed.

About the characterisiics of the suface conditions, we studied mainly about the surface roughness.

In the preceding paper, we reported about the producion on triel of the experimental instruments evaluating of
the surface roughness and checking mainly the isotropic finished surfaces of the metalic molds(SKD11).

In this year, we investigated more detail than that of last year and tried to get better capacity using the
characteristics of polarizing light and tried to produce new =valuating experimental instrument that is possible

Lo measure the surface characteristics of the curved.
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Development of Inspection System of Cylindrical

Inside Surface by Image Processing
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Abstreaect

Recently, throuwgh the use of image processing with existing technology, can be made a requirement, in inspection
or measurement. But actually, such an accuracy system shall be impossible and if a cost-performance and quick dispo-
sal task are expested. Likewix, it is difficult to measure with three dimensions figure too.

In this study, we will be aim to test the inside surface defect of small plastic cylinder which has been using
car. We are testing their by man power, in which compare with standard samples, but in existence, it is impossible
to inspect the defect easily. and there is not an effective system for testing. We also manufactured for trial the
conpact proto-type system that inspect & great many defect by use of claose adherence CCD line sensor.

The results of this study summarize as follows:
(1) The image processing system which was able to cbtain the inside surface Image of plestic cylinder by use of
contact type CCD lin= sensor was manufactured for trial.
(2) The images included the vertical stripe noises for use of close adherence CCD line sensor, but we found &
elimination method of unevennes brightiness which wes generated in vertical stripes.
(3) By the differential end emphasis treatment of the image was given, we were possible to distinguish some

inferior goods from group of sample, because an image area of inferior pattern is just so much the larger.
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Study of Voice—-bralile Convert System
Used the Speech Recognition

HME A BE #h AR =

Masaaki Iwata + Hideaki Shimsno - Hireshi Yagi

Abstruct

Recently many supporting systems for handicapped people have been produced experimentally and some of them were
put to practical use. Braille word processor and braille type-writer are being used at the school for the blind now.
But these expensive equipment are not made For the gemeral user. So it is difficult for general people to buy these.

That was why we develop a systen which makes bocks in braille for blind people by voice recognition input. This
system can be used by a person who doesn't have the knowledge of the braille. And also this system is basically
constructed by ordinary personal computer,

Voice recognition is divided to 4 levels according to the ways of segmentaticn. The smallest segment is called a
voice element that is used as a unit in the method of the voice element reccgnition. Another 3 methods is to
recognize the syllable, the word or the sentence as a unit. A; both Japanese braille and Japanese XANA (the Japanese
syllabary) is a phonogram, we decided to recognize the voice as the unit of a sylleble.

In this study, We got the power-spectrum date by FFT. We recognized the syllables by matching these patterns of
the data. We recognize the syllables by 2-step-method, that is, we recognized the vowel part first, then recognized
the consonant part.

Furthermore, we measured the changes in the vowel level by doing FFT twice. And we have incorporated the idea
into our recognition.

Then we transferred the results into the braille, and display them on the screen.
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Study of Simple-type Ultrasonic Diagneosis
Eguipment Applied Flexible Epoxy Resin Sheet

Composited with Ferrcocelectrics Ceramics

R s WiE %A RE %X i #E XE
QBATA Norifumi - YAMADA Yoshiaki - ASADA Mineo - FUJIKI Satoshi - TANINO Katsuai

Descriptive abstract

The purpose of this study is affirmative possibility to develop the simple-type ultrasonic diagnosis equipment by
piezoelectric materials used epoxy resin.

From remarkable last report, we have been studying the basis of the ultrasonic diagnosis equipment that was used
flexible epoxy resin sheet compounded PZT. We have covered some of the basic idea and the advantage which this sheet
is applied with diagnosis equipment.

(1) It is possible to use as an ultrasonic probe in wide band frequency.

(2) The sensitivity is improved to contral the thickness of copper plate which Is used the back electrode.

(3) The directivity showed that, in general, increase its characteristics to arrange suiteble curvature for ultra

sonic transducer.

Just this once, we had aimmed to make the equipment itself. In the first place, we tried to change the ratio of
PZT content of piezoelectric sheet for the improvement of ultrasonic power and the sensitivity. As the result of
sbovementioned, the piezoelectric effect has increased 4 times over and the sensitivity showed § times as the past
examination. At the next try, we were trial production the array type probe divided 12 pieces using this sheet. The
array type were exceeded in the characteristics of directivity and attenuation as compared with single element type.

Referring to these results, we tried to lay out and make the proto-typical simple-type ultrasonic equipment, Its
scanning mode was adopted linear array method. The received pulse is inputed to PC-9801 by high speed A/D converter
and it is indicated to modulate brightness on CRT. We observed anything of objects inside in spite of slod indicate

speed,

1. #8

i, THEZ®H) 2HELEEGNE I ZoTETWA, FAK, BEHESSFECOHE LTNER, EFHAS. EfE.
BEgsr— Y-SR ARAEE-TWS, BSHORERICHKPZT. TiBaO:, PbTi0:F0E33v 7 AETHA
HECHEEATWS, RYBESEDS SESHEHNELEBBLRFEEOMB2EAMNL LEFRAEEL, TO#FRFS Y
AVa—HRiREIIvIARBETEBORWERE, EER/VE—VYALWIHREL 2 I AT YRBATHSEEN
oEREEAEE DS, (WEWERSESTORANTETSH S, ()3 VAV - OMENHERELEEESAI L
TETES, (DUERSEHSORGEIHMTER, 2LOHENEELE, 22T . AFERE SR EZEDT. FF VA
Ga—HOESERFBORE. F3VAVI—TOMEOEY. FEHESONY I VARASE SUCRTENL THEAR
moEGREN TR BT ERHERoREERy 0T, TOMARLASET S,



2. FI VAV —VOoRREFEORE
BEESHOELAMAED, FSYAVi—TE LTERT AR Y REAERHEOPZTREARLEF I YA V2 Y0
gz >wTlE L.

2, 1 PETHREMYATFIVAVL—YDHE #1 PZToEiEeHEEE
HERRHSEE AT I SVAYa —Fik, BEATHD ““ehfﬁgﬁggﬁfgﬁgﬁmeﬁ
FUTEERERESEHRD, ERHER (dia) MER(E '
Mkt pBESA Y, ERMI RS L LBMERES 2 PITF L 80 85 90
972 (PZT) LOHELHE THIRETHHOERERE (%) (wed) (ek)
EWBEDK. ERECKFYON L OBOERERHTEP B ® | 3.0~3.1 | 3.1~3.2 | 3.2~3.3
ZTOESRE2ZhETO80wtE s 9 0wtz L, K1 d 33(pC/N) | 10~15 40~50 80~30
REBHHLPZTHRAROMELTY, HLN. PZTOR d31{pC/M) | 7.0~8.0 10 20
L2 BOW%MBEO OwtBzTAILizdD, EBREER ( e s Clkiiz) 20 0 50~35

dis) AN 4f%s, EREER (da) EH3BIIR- k. &
2RCALOHSGEBHCHRAELELS VAV —VORERE
SEQEERRT, XrbBnT, SEREIEEHIOETE% .

BURBOSERTES. RELAREZALHATRELE  (ap oo R caitting and receiving.
BOXERTELAE L RL0, HREHT2.56 26

co2fEoREn EARsh, ERtomEE—-FLE, 5. S | EEEay)
PZTOXHMA 9 O PmtB L TERWERHIEK, 2 LX¥TW
MREDNEI L BLIUTEE S Y- Y VANERESRRAO
ERoRmTRENS LD, RFEHOLEXBENREL LY PZT9 Out% 40 100
(E[8 p:P2T=8.5.EP=1.1) , BAFRETHE2BFH7u—7
LLTHERATZHNOMNATE 2BEA YE—F vAINEN (
AERBICEW) L HIEEMENDZI L BFREAENLT

HB.

PZT80ut% 20 40

2, 2 POVAVa-VHEORH
o, FSYAVa—YOENEPEENEoELER
R, RBEEE-EFTCBECROAZERARLL. &b ]

Bk YN =2

. REEEEEMRICHETIENRTRN S VAT ¥
DHMAE L BRFY » ORIEWEO LB, PIE% KL%,
$¥. MRFHLSVAY2-¥LLT. HORELEER
B8 WAL AMAED LRERH (P2 TR0 0Wt%) & _
0. 5mmoFE TR L, LBREE LTA-—Ky<—Abe
BB LE DR LE, kit PLARRSVAY2 -
FeL T, BEFUrERCAYL LD EHEREEE 2 -
2mm. 0.5mmMEOY v THIFL. 1 2RFOT AR (a) B FEF o ()7L 48 (128 F)
LEbORNHE L, H1REBACHEAELEERFIELY
VABESYRT 2 -4 ERT, 7 L4 LoBECK. BAF Fﬁh.&iéﬁgﬁfig?ﬁ?ﬂmm
FEBHEREESOVE LI THERFNoBEYN, ZHEN element type transduser.



BEEFENTDICMEL 2D LWIFEEEILTWS,
2. 3 A
FUARYMFEFR S VAV —TOEAFEO R 2
WHOARETH k. H2REIHEE LTHEELEE I nno
WEEY AV AANBAT T - TORFMIEN L TESB
e rEoBEE o0 REERECENE. RYRIETE
RIS IROBAZEBHEL L EE L0 THZ. B b,
FlA4BHEERFRICEAT, AT A EICESAIEH LK
<Wo bhAmD, B3HTo—70REEEDS ORI
T2AECLZZERBEOMERER LA OTHD, HH : i 2
57 U 4 IR FLIC H € ORI A LT OB AR W, TR e R
HEQHRLD. ESREREY L4 M LERAR, £F lk5v15 -5 FE&ECam)
HE (Haden) ioxt LT RITRESRMD SV, M bithd M2 BERE- 1
[EEIETFHLCHBHELES L REILE, &=, FL4E Fig.2. Comparison of directivity of
DR RO T HICIE LRy -V, $hbb, ¥ AEsair anll Bingle.clesen: LEpCCRY,
{Fu—75LE8ONRBRSE, ¥4 FO—TR7O-TOREHKRICE> TR, FESUERICREENSCORGORNE &2
Lith, BMABWASZAENEE,

—
(=]
(o]

L]
=

=

ZEMEE V/Veax (2

§* T 5 5°
. ,
10 - 10
7 \
| /[ SRR |
0-10-20 (dB) 0-10-20 CdB)
(a) BEFH () 7L 48

E3 fEmtEtE-1T o
Fig.3. Comparison of directivity of
array and single element type (1I).

2. 4 FEEH:IBEOMF

H4R&EFF VA V2 -HOFEREOHEFLLEMO M 100 f ®: 7L 1M
Fard, HLEBaMER. ¥avdALBATES YR ;J O HE T
Ga—HOREERLENS 4 0mmOMRICFIHE (8FE) = 90
HHLIHOSEREESEN (100%) LT, 20mmy =
B L TH- O RTRBEOELEAEL LEOTH B, S

HEFRBESEELNCRTALSIBMIELTWRNRE 200 b
AN DbLT, BATEBINQLIK., BEEMTHE CH £,

HLTWD, 7LAHTRZOLS s RS RT. 2T © 50 [

RE R LT RANERS LTVS, TRD5. FVAE  ®

TREEBROF — ¥ — 08 . BERICEET 25023 EM L - . L L . L
0 10 80 120

A APEREWIEIZED,
SRS A (mm)

Bd4 BREERE
Fig.4. Comparison of attenuation of
array and single element type.



3. EEueHEEOF

3. 1 U=T7FLAETu-7oEE
—EmEEB s vV —dOEERR, Vo PEE b
yyEFrwIHESAVWSRS, BHELD, BORWER
FEMBRIHTDEEROEHTE RN ERRTET
LERED 7o —72#ALTVWS, ¥ 7 ¥ AAEERETLD
EENTORM T4 S YR T oL L THERD
FHICHESHY— s HAS S0, EFTOARNERII
Eiohnd, TOED. EHOUTREWMTERTOMHER
<, . ERTOSMREEEY, —F V=7 ARREH
HohkslEAECRMENFOINV—-T T, HEetE—
ST LTHEERLBICEET 20, EHEMSOUHEY
v, BESTOSHREIRWE JUHREQHMMIEEANE <
THUREYOMAYNSES, 0k, SEAMHLEERRT O
—TRI=FTLAMEREAAE Lk,
EEsREGLEESE o - 7oBEREE2RT. ETRE
3. EBENTS 1 V-7 oRMNEFOREIMEL. |
KENT1IM53 3 CRELET 2, BEHSALAREYT
2HRPOELTHRIEEAS, £ HEEP60RFBERELD
BHF 163 TREEAD, W, A4 vFEHDRR &K
Bremb4 EEiETA L. ARCEDT 2P0 LTEE
WL AN E R, BRENTDRL, JOBEEENRE
FTorTY=TEEERT .
HeREELEEEH 70— TR VAT —Y
oA TES, BIBWT, FIVAY1—-HIBTRER
HESoBE (B —AF) 2UBLT, KEEMH2x20X
0.5mm TRMAM0.5 mm QERERYT% 2 0 HHEH L.
BERBLOAVE-YVAELELDEDEREThOREN
i 5. 6kQmFy FTEMEEMRLE k. EUTF2E0R
MicBEMRIER EEEESBL LTOREEAF 7V VT
vITATE—NMELE, RIFELZhOHHOEEA v —
Ty AO—H D EFRT,

o
A o
k m
! Q n
:g;: \\HHH\H > L
8]
20
75.0

BEHNLZ

BERINZ - A+ vHE

HE5 V-7RFEHE
Fig.5. Outline of linear electronic
scanning nethod.

#3 HROFES yE-YA
Table 1. Acoustic impedances of each part.

LT E 80 85 90
(ut%) (wtd) (wts)
kB 3.0~3.1 J.1~3.2 3.2~3.3
d3aCeC/N) 10~15 40~30 80~90
d31(pC/N) | 7.0~8.0 10 20
&s (lkHz) 10 a0 50~53

BHe 8FET -7 OHER
Fig.6. The structure of ultrasenic probe.

40 —



3. 2 HEEHBHEEORE

CORBE, V=FERICL-> TREAENEDOEEHMILERE. 1V 3 (PC-980)OCRTHEHA AR TI0MENTH

o

§ E iR AR

[awai|

i

o | :
o o R
Fyi i |wam L M
""""""" = i I =5
Pl pilic # -} (Bbit)

EM7 Vo7 EEETERHEEOEF MR
Fig.7. Schematic diagras of ultrasonic diagnosis equipment of
linear electrenic scanning type.

BTREMFLE) = 7EEBTHBFREOEFIHELTT. 29, BHENAVARERIR, 3vF VvV r-mie A4
VFEYIRF (NT—FET) ZRVWTHEBTAFEE2BAL, HLAHBE250 Vo, 0.5 usccORBENNAEREx 2,
BEEVRETEREAEL V-7 (3 ) oEREGFHCHMNL. HEEZHNT. dgWre0FEHE (Z3—) 2.
EERLEAL/V-70EREDFEC L TRAESER
thad, ERDFILEEEAEN Ny Iy - P 7REL

TRESICAB, TORD. FENTHbOREREFHMY L 7orsazz—t ]
THRETHIENTES, l
ZEBLAMENES, WER. REB. STC (NUNE | wmmzENo0 |
BESREHR) . LOCGEMBRYTHMREATVWS, MHEKI o
Lo TAKS N ZIEESE BREANESHTYS 0 dBMIE F—%L_?bYﬂﬁﬁﬁﬁj
m”

BHEBICAD, S, MEZHhEZEESE, MEBLAES
HEEERCILS I HLDIE, ¥4 759 7L v¥H50dB

ODLOGERBEAWT. BEEO L ANEBLELR{T-E, = J
_ | RYAAZWMORFH |
DEIRESUBERES R EBEHHZ, FTI8LQME A |
|
|
i
|
|

[
Th, STCEEKCL>THBEQANESOBMIEME LR J FS TR Sa—7F
L 2, 3% {8 -

5
BIEHOTF U HHE, EREA/D IV N— b K- F |__CRTi#m |

(ZEHGERE : MARD OHIV7 K/, 8bit) &b FY 4 LS A, e foidR

6 OKbyte@ X EV CEALNLE NYIw¥ (PC-9880 T ¥Es
1) it T2ii{bSOMABEEL. V=TEEOLERECR [ E;D }
TEmIR&HTT S, B8RV =FEENE /5 L0 2

Y. E8 Y_T7EHELETOST LOEE

Fig.8. Flow chart of linear scanning process.



3. 3 HBRHRLER

HOUREELE7PFa XK — Fil, HMEEA /DK
—FBLUYAT LONRERT,

(e)¥ 2 F LN

(a) 7HOy s —F

9 BEHSEY AT LOBRE
Tig.9. Appearance of uitrasonic diagnosis egulpment.

7. BELEEER70-TONFRAMRENET S
e, EIAJHIEAM- 188 ZRELT, KFEREL

EREBRPHOTI-ERRLE, B 0BRAURP LD aV1=8.280U TRIG1-0.88U AT=1.74us

tizof, TORR —BOERESH T -7 00
il (2.5~b5MHz) LEBLTROMIWEE RS
. COfER. Tu—T OB AMETFATIEO.5

EI-WHO—METRTH. Eh 5 BERREE v fT o el
Bk,
5 i 2 1.1 MH ﬂ
Ffy = —— = = 1.
aek L2 ’ ./ Q’i | !\/\/\N*
\ u U :
v

H10 REitiass0za—#E
usec)l AR EHE LY, S5l Tu—T2HBET Fig.10. Wave form of echo from reflection plate.

HERENF. SEMHBH. BEESFOoTUNERIILE
FrxZH200LEALNS,

Wiz, AHETRMESBMOBEHMEEES S L.
HEHTo—-7E2BRNRY=FEEL. *OR{EREE
ISEACHEEEHE (FL1Ar—N) Ka#d L. C
RTEWEICERT 2HEEEHLE. Sk, HEEEHRDIA
DR, FollENfEMh b0z a-MRALRZB LI
To—TOAEEREICEELE, B11KHEHS3
HoF 2 ko BEHMIEERE T, F2E1 21K
hich 2HIERF v v TOHEEER EERERT. WTTH
HHRETRICET ARURN2Z 0B TE-72. COTTR
RIS OKMEEET3EHE. KECOAETIEDIIN
VavEEEFALTEREHWTWA L THD, BT T —— _—
BHEEL TARDE TR SLOTERDNY 3 VI E11 k07 7 MEOBHFEELER

Fig.11. Static images of acrylic plastic board in water.
Fuky b OEHBLIY BASICTR Y SAEa VA LT




LZEOFREMUEN, +OLEEHBRTTSLRT
Ehhol, LidL, EEFENL 8E L PR VWIEDHER
BAL Bofkb0n, BEKRET LERES R LER
HBTERERE 2o 12,

HoT FEBEBEERETAEDICH., (DFHENTI &
DRNEBTORES L. MEEEREXES, (DHES
M7u—7OMEREEEE] L, BEriERELEre
5. BIDSC(F+ ¥y MAZTvravii—%) HE2HAE
LTY Tiby 4 L THEETS, FOoBRBENEIERLL2 e
ey 112 MENS vy 7 ORFES LES

Fig.12. Static image of plastic cap.

i

4. # B

FRATCH, AR EREIAFVRAEATETHEZAV-MEESERFEHOMEEZEMELT. F3YAY2—-Y0
ZEREANBOELE F2VAVa-YOEE0ES. 2ENEIOAVI VARAA, Zbitd, CRTHEHEE TOSTHEE
ErEEAE, ITOHR XOEREERE,

() PZTORSEEMMNT B R K LD RSEREMEEX NS,

(2) FSYAY2—FORMIER, 7L AERBRFY S LTHRABESEBEAS,
(3) BELEEER 70 —7 OB REKR L. IMH2TH- 12,

(4) NBEYOEERPLEROERCET IRMEH2 08 Tho =,

(5) BifF Lk BEWBIBE T, WY CHES LY RMERRWAT 2 L A TE L,

X E
(DR B EE: & EEMHORELEA P1BE~204
(DEFFEFERTIRER: EREEERENVFT v 2



VI.[BEZEDEDDEYEH
RBULUSUAT N
—E2EHhAANMENBRENR VAT LOWR -

Study of the Self-Learning Men-Machine
System for The Disabled

— Development of a ccmplete implantable FES

(Functional Electrical Stimulation) system -

tH E- X& E- iF H¥E

TUCHIDA Ryuuichi+-OHSHIMA Junichi- -YAMAMOTO Toshiyasu

Abstract
We have been developing =a multichannel stimulator for two
years, and improving on the 2ch device intc 4ch stimulator.
This device has a distinctive, certain stimulating control
system. At first, the receiving antnna receives 10Mhz carrier
wave, This wave passes through &8 wave detector. The circuit
makes D/A set data and triggers the signal, and to make timer
1 and timer?2. These timers decide the stimulating wvoltage
and the stimulating period (20Qus). The output voltage has a
variashbhle range (OmV to =-15V), and it is traens—formed into the
analog signels by a 8 bit DA convertor. The output wvoltage
1LSBE is about —-58. 5mV. We have some plans for the both sides
~-telemetory system. This system is realized by the two micro
computer devices. Telemeter will have a 8ch stimulator and
an EMG-measuring system EMG-measuring systemcontains 10 bit
A/D converter, LPF, HPF, and voltage amps, etc. The size of tele-

metory device on circuit board will be about SO0mm%x50mm.
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Btudy of Microfabrication of Thin Filmn

feF W MR ME  BF g% ¥R FE D KB 4% e
AMET Toshihiro-TAKEHANA Seiki-MATSUMOTO Iwao-TERASAWA Takashi:FUTAKUCHI Tomoaki-TANINO Katsumi

Abstract
Recently, the miniaturization and high integration of electronic and mechanic component have increased prominently
by the use of thin films. The microfsbrication technology is necessary for manufacture of high valuable product in
addition to the deposit technology of thin film. In this study, we examined the microfabrication of thin £ilm by
vhoto-elching and laser-manufactursd process.

The results of this study summarize as follows:

(1) The micrefabrication process of copper thin film by photo-etching was established for spiral iype and zigzag
type coils.

(2] After the magnetic properties of these coils were evaluated, the inductance of the spiral type coil held about
4.4 pH at 1 HHz, and it showed flat response till 10 MHz. In the zigzag type coil, the inductance held about 190
nH at 1MHz, and it showed flat response till 40 HRz. The trial product of transformer was atiempted to combine
these coils with magnetic thin film and thin film of insulator.

(3) In YAG laser-scribed manufacturing process, the mierofabrication of only thin film was possible on the position

with vertically movement of lens focus.
(4) The measurement of AE with laser-scribed manufacturing process demonstrated effect for the position fixation of

lens focus and werking surface.
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